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THE STORY OF THE HUMAN BODY

CHAPTER I

HEALTH

When we meet a friend whom we have not seen for

some time, we usually ask him, " How are you ? " If we
express our good wishes for any one, the most common
wish is for good health. At banquets a very old

custom is still in use—that of "drinking to the good
health " of some one whom the company wishes to

honour. "The health of the King" is usually tha

first "toast," as it is called, at such a gathering. In

Germany there is a quaint old custom that when one
sneezes those who are with him say " Good health 1

"

Good health is what we most commonly wish for

our friends, and it is one of the greatest blessings

which we can desire; it is worth more than wealth
or fame. Have you ever thought what "health"
really means ? The word comes from the old Anglo'
Saxon speech of our forefathers, and it means whole-
ness or completeness. An older form of "whole" is

fuile. We still use this word in speaking of an old

man who, in spite of his years, is always well and
full of energy; we say he is a "hale old man," one
who is still " whole " or in good health.
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Health or wholeness ineaiiH freedom from diHcafie,

but it moaiiH inon; ; it iilso meaiiH that the body is

full of life and energy, of strength and vigour. We
say " How healthy ho hxiks I " when we see a little

lx)y whoHO cheeks are fresh and rosy, whose eye is

bright, whoso limbs are sturdy and strong, and whose
whole appearance tells of vigour and happiness.

Healthy boys and girls love to run about, to laugh
and to play; they are always ready for their meals,

and they sleep sound all night long. They enjoy

everything, work and play alike.

There are many unfortunate people who, though
not really ill, are never in good health. Such people

1(386 much of the happiness and joy of living. They
find no pleasure in their work, and if any sudden need
arises they are unable to meet it with a special effort

In the morning they get out of bed tired and languid

instead of feeling refreshed and ready for the duties

of the new day. They get through their work in a
listless, indifferent way ; they have little or no appetite

for their food, and they sleep badly at night Poor
creatures! they lose much of the pleasure of life,

a pleasure which most people might enjoy if they
knew how to preserve and make the best of the health

which they possess.

We must not imagine, however, that every person

who is not strong and robust is therefore in such a
sad cade that he should sit down and lament his fate.

Many a great worl; and many a valiant deed has
been done by those who suffered from ill-health all

their life long. General Wolfe, the hero of Quebec,
carried through the siege and capture of that city

with the grf-xtest skill and courage, in spite of periods

of severe illness. Lord Nelson, the idol of his country-
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men while he lived and a hero for all time, did much
of his life's work under the burden of illnesa Cecil
Rhodes, one of the greatest empire-builders of modern
times, who did much to extend BritiHh power in South
Africa, was sent out to that country at first because
his health was not strong enough to stand the climate
of England.

We cannot read the life-

story of such men without
admiring the courage and
endurance that carried them
through all their difficulties.

Yet as we think of the great
work which they accom-
plished, we wonder how
much more they might have
done, and how much pain
and disappointment might
have been saved them, if they
had not been fighting against

one of the worst of enemies

—

ill-health—in addition to all

their other struggles.

For boys and girls, good health is doubly important.
They should cultivate good health not only for the
sake of the present but also for the sake of the future.
If they are to become healthy men and women, they
must take care to be healthy boys and girls, for it is

while they are young that they must grow and lay up
a store of health and strength for coming years. Health
promotes health. Living a healthy life to-day is the
only way in which we can provide for a healthy life

to-morrow. A healthy and happy childhood prepares the
way for a healthy and vigorous manhood or womanhood.

Oeneral Wotfe, tht Hero

of Quebee.
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The care of our health does not require us to

be always tliinking about disease or sickness. It

is only doctors and nurses who require to .ludy

diseases, in order that they may be able to cure or

to prevent them. Other people, so long as they are

in ordinary health, do not need to consider such
matters. Indeed the habit of thinking about illness

.,,^^-._ is one of the surest

means of making one

feeble and ill. The
most unhappy people

in the world are those

who are always think-

ing about themselves

and how ill they are

and how unfortunate

their lot is.

At the same time

there are certain things

that must be done, and
certain things that
must be avoided, if

we ar». to keep well,

and surely it is wise

for us to learn what
these things are. The laws of health, as we call

them, tell us what to do and what to shun in order
to be healthy, and these laws are not hard to learn.

Once we have learneu them and have formed the
habit of obeying them, we shall be living a healthy
life witliout needing to give any thought to the
matter. In all our games and exercises there are rules

to be learned and to be practised, but once we have
mastered these rules and are able to act in accordance

\-^

^>, iV! /'
" We must put our arms and iej/s

in certain positions" (p. 12).
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with them, we think no nu>ie of tlie rules, but only of
playing the game—unless, indeed, wi' should chance
to break one of the rules, and then we iimst pay the
penalty.

Let us take an illustration of what we have just
said. Most boys and girls can swim or skate, or if

they cannot do either

of these things, they
can at least walk and
run. Now, in begin-

ning any of these

e.\ercises, we must
K'arn the necessary

movements slowly

and painfully, one by
one. In swimming,
we must put our arms
and legs in certain

positions and moxe
them in a certain

way. .We rarely suc-

ceed at the Hrst at-

tempt, but careful

practice makes the

positions and move-
nu'uts easier, until at

last we can swim a

little. By-and-by we
find that we can swim without thinking of our arms
and legs at all. The rules have not only been learned,
but they have become H.xed in oni- biain and our
muscles, and need no more att.-ntion fn.m us.

The same thing happens with regard to health. If
we learn the rules which we ought to obey, and form

nv w«.s/ leiirii the n>r,>siary morfmenfi
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the liiibit of (loincr the thinijs which are tr(xwl for

health and of avoiding the thinijs whicli wouhl injure

it, then, as in the ea.se of swininiintr, after a time we
keep to the vrooA and avoid the bad quite naturally
and without thinking about it at all.

Voung peojjle sIumM know something alnjut the
structure of their body and the work that the various
parts of it have to do. This is necessjiry in order that
the}' may avoid injuring the }x)dy. A l»oy may get
into till! habit of sitting in a crookcil position at his

.1 fjlrf iiuiii ytin<i, itiMiitd of .sitttiiij upright at the piano."

desk, or a girl may sto<jp instead of sitting upright at
the piano, and so may twist the backbone and injure it.

Another boy may go on rea-ling his favourite books
wliile the light is bail, and may thus cause injury to
his eyes. No ont> would do suoh things if he really
knew what injury they would cause to his body.

Hut there is another revson why we .shouM '.earn

something about the structure of the body. The
human body is the most wonderful thing in the world.
It is more marvi'Uous than any of the things we studv
in our nature lessons or our science lessons. There is

nothing which can compare with the wonder of luunan



r
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speoph, the skill of tiie human hand, or the mystery
of the human brain. It is by means of these that man
has made himself master over the forces of nature. By
means of speech or language ho can hand on all that
has been learned from one generation to another: by
means of his hand he has made all the tools and instru-
ments and machines that we have in our service to-day

;

and by means of the all-governing brain he uses all
these for his chosen purposes.

If we wish to have our mind clear, acute, and well
trained, we must train our body to be the willing and
efficient servant of the mind. Many good people used
to believe that we should cultivate the mind, but that
the body was of little account and might be neglected
and ill-treated. But we cannot afford to treat the body
thus, for the mind is not independent of the body. If
the body is iil-fed or overworked or out ( f order, the
mind will not long remain clear and active What the
body needs is ti-aining, not neglect.

How is it p()ssil)le to train the body r We have
eyes, and ears, and muscles, and nerves, and brain, and
many other organs in the body; how can we attend
to the training of all the.se / It is not so hard as it

might seem. The hmiian body is very willing to be
trained, and it has also a wonderful power of suiting
itself to circumstances. We have Just seen that when
we learn to swim we use the same posture and the
same movements time after time, and that by repetition
the movements become easier and easier to perform,
until we can do them without thinking. This is how
the body is trained—by means of habit—and it is the
law of habit that ri'iwtifion makes any sort of action
easy.

The law of habit uppIicH to aljnost everything \vu
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do. If we form the habit of going to bed at the same
hour every night, our brain becomes ready and willing

to sleep at that hour. If we remember a good many
times to use a low, pleasant tone of voice when we
speak, it becomes easier to speak in this way, and by-
and-by our voices will keep to that tone always,
whether we are thinking about it or not. If we work
at one hard lesson after another until we master them,
it becomes easier for us to face the next hard lesson,

and one day we shall suddenly find that we have got
to enjoy facing difficult problems and solving them.

The body has a wonderful power of suiting itself to

circumstances. Some animals, such as the lion, are found
only in hot countries, and others, such as the walrus, are
found only in cold countries ; man, however, is found all

over the world, and can make his home in the frozen arctic

and in the burning tropics. Man is much more adaptable
than any other animal. The chief difficulty of arctic ex-
ploration has been, not to find men for an expedition,

but to find animals for the transport work. Man can
change his circumstances to suit his needs. He can
alter his food supply and wear clothing of different

degrees of weight and warmth, and he can thus adjust
himself to very great changes of climate.

City life is a condition to which man has adapted him-
self. Long ago every one lived in the country. Now
man has to face the prf)blrm of how to remain healthy
under the conditions ot c'.iy life. He has brought into

the city a good water supply ; he has arranged for the
collection and destruction of refuse; he has laid out
public parks as spaces for fresh air ; he has instituted

a system of health inspection and treatment of infec-

tious diseases. A well-managed city is now actually

a more healthy place to live in than the coutitry, witli
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its often ill-ventilated cottages and its frequently poor
water supply.

Besides being willing to be trained, and ready to
adapt itself to ne.v conditions, our body is provided
with a set of danger signals to warn us when things
go wrong and health is in danger. The most common
of these danger-signals is pain. The pain of toothache
tells us very clearly that a tooth is decaying and needs
attention. The pain of a headache may tell us that
we have been reading or writing too long, or that we
have not enough fresh air in the room. Another
common danger-signal is the feeling of fatigue or
tiredness, which tells us that the body needs a rest
or a change of work. The feeling of hunger is a
danger-signal which we all understand: it warns us
that nourishment is needed by the body. All these
danger-signals are meant to guide us in treating our
body so as to preserve it in health, and we are foolish
indeed if we neglect them.

We are not to study disease in this book ; we leave
that very difficult subject to the doctors and others who
are specially trained to deal with it. But we shall
have to consider how v/e may best avoid certain
common diseases. Many diseases come from without
the body, and can be prevented, and we must learn
how this is to be done. We must, above all, re-
member that there is one thing within the reach of
every one wliich will be a great help in keeping
us well, and that is the habit of cheerfulness.

" A merry heart goes all the day.
Your sad tires in t, mile-a."



CHAPTER II

THE BODY AS AN ENGINE

All boys like to read about the boyhood of great men.

They like to know wliat these men were like when
they were young, and how they began to do the

things which made them famous. The story of James
Watt, the little Scottish boy who became the inventor

of the steam-engine, is well worth reading. We are

told that he would sometimes sit for a long time

watching a kettle boil. Many boys had done this

before him, but James Watt was not merely looking

at the kettle ; he was thinking about what he saw.

He would hold a spoon in front of the spout, and
see the escaping steam turn into drops of water on
the cold spoon. When the kettle was nearly full, and
the steam could not get out at the spout, he noticed

that it pushed up the lid in order to escape, and the

lid kept jumping up and down as the puffs of steam
rushed out. So he learned what steam is, and how
strong it is when shut up in a small space.

By-and-by James Watt became a scientific instru-

ment maker, and one day he had to repair a small

model engine which had been made to work by the

power of steam. Several men had tried before this

to make steam-engines, but none of these would work
riglit. Watt studied this machine until he found out
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what was wroncr vith it. At last lie succeeded in

niakinrr an en<;ine that would really work, and he lived

to see the stcnni-enf^ine become the greatest power in the
world. We can hardly inm<,nne wliat the world would
be like now if we had no .steani-enjjine.s to draw our
trains and drive our steamships, and to move all the
niaeliiner}' in our factories.

Wfwt a stram-engine conmsts of.

Let US see now what a steam-entjine really is, and
what it consists of. There is, first, the fire-box or
furnace, where coal or other fuel is kept burning to
supply heat. Next, there is the boiler to contain the
water, which is to be turned into steam by the heat
of the fuel. Thirdly, there is a cylinder with a piston
moving inside it; the steam from the boiler passes
through this cylinder, and pushes the piston backwards
and forwards as it expands and forces its way out
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into the open air. And in the fourth place we have
the crank and Hy-wheel and all the other parts which
are moved by the piston. In some engines of a newer
type than that of James Watt there is no piston or
crank, but the escaping steam turns a turbine or wheel
shaped somewhat like a water-wheel. In any case
it is the force of the expanding steam which moves
the engine, and this force is due to the heat produced
by the burning fuel. So the engine is really a con-
trivance for tuniing the energy of heat into work
or inovement. This is true of all heat engines, whether
they work by steam or hot air or gas or oil.

If the engine is to work well, there must be plenty
of heat produced in the furnace. We must provide
the right kind of fuel, and a good supply of air to
make it burn; we must provide a flue to carry otf

the smoke or waste gases from the fire, and we must
remove the ashes and cinders, to prevent the furnace
from being blocked up with refuse or waste materials.

Some kinds of coal will not serve our purpose; there
are great differences in the quantity of heat or of
work which can be got out of different kinds of coal.

Engineers are careful to use a good "steam" coal,

especially on battleships and express trains, where great
speed is required.

We must now try to understand what happens
when coal or any other fuel is burned. The most
important part of any fuel is a solid element called

carbon. The air, as you know, consists of a mixture
of invisible gases, and one of these is called oxygen.
When carbon is heated in the presence of this gas,

small particles or molecules of carbon unite with
molecules of oxygen, and in doing so they become
intensely hot. These then heat other particles, and
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help them to unite with tlio oxygon also. So when
we once start a fire, it will keep on burning em long
as we provide carbon in the shape of fuel and
oxygen in the suppiy of air.

When the carbon and oxygen unite, they form a
gas called carbon dioxiih, or carbonic acid gas. A
little water is also produced by oxygen combining
with a gas called hydrogen
which is contained in the

fuel, but the heat of the

tire turns this into invisible

vapour. The solid carbon

has entirely disappeared.

The oxygen has also dis.

appeared, and the air which
leaves the fire is quite

different in its composition

from what it was when it

entered the furnace. We
must, therefore, have a
chimney to carry away
the air that is charged

with the carbon dioxide,

and by means of the

chimney a strong draught
is created to draw plenty of oxygen into the furnace.
At the same time the ash or waste pai"ts of the fuel
must be cleared away.

Boys like to watch an engine at work. It seems
very wonderful that a machine made of dead matter
such as steel and brass shoi'ld be able to move about
or to do work. But the body is also a machine, built
up of flesh and bones and other substances. When you
think of it, surely it is no less wonderful that this

The carbon and oxygen unite.
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living machine whould move aljout and do work. You
are so accustomed to nu)Vo alH)ut yours«*If that you
may never have given this a thought. Evt ly move-
ment means the doing of a certain amount of work.

The engine moves because it is driven by tlio steam.

What is it that drives yon f

Perhaps you say it is your vull ; you move when
you wish to move. In one sense tliat is (piite true.

Your will is like the engine-driver, who decides when
and how the engine shall ».ove. Or you may say it

is your brahi and vervrn taat make you move; these

send impulses of movement to all parts of the body.

That is also true; they are like the levers and valves

by which the engine-driver starts his engine. But
in your body the actual work of moving is done by
the vmscles, the fleshy parts of the b(xly and limbs.

Where does the energy or power come fronx which
enables the muscles to do this work ?

Your muscles get their energy or power to do work
from the food which you eat. The nourishment in

the food is carried to every part of the body. It is

this nourishnuiit which builds up the body and makes
it grow. it also repairs the waste which working
produces in the niuHcles, and it supplies all the energy
that tilt' body needs. Your body, then, may be com-
pared to an engine, and the food which you eat to

the fuel.

The food which we eat—such as bread, meat, or ecrcrs

•—does not look very like the coal or wood which we
burn. But chemists tell us that things may differ

nnich in appearance and yet bo composed c'' the same
elements. There is not much likeness octween a

sparkling diamond and the black lead of your pencil,

and yet tliey are composed of the same kind of
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iiiJitttT. The most important element in fuel is car-

\>ou, and onr cliief articles of food are also largely com-

posed of carbon. Suo^ar, fat, and the starch which is

found in Hour and potatoes, are all composed

of carlxjn, combined in some way with two gases,

hydrogen and oxygen. Our food, then, is very like

fuel in its composition. And as some kinds cf fuel

are better than others for producing heat, so some

kinds of <^ood give more energy to the body than others,

and are better suited for men whose muscles are doing

very hard work.

In the engine furnac; the fael is burned to produce

heat, a supply of oxygen being provided for this

purpose. Let us see wliether anything like this takes

place in the body. When the food lias been eaten

and digested, the nourishing matter is carried to all

parts of the body by the blood, and is built up into

the various kinds of tissue which are needed, such

as flesh and bone. But the blood also receives oxygen

from the air in the lungs, and this oxygen is carried by

it to all the tissues of the body. When the oxygen is

brought into contact with these tissues, they do not

rtare up and burn as coal does, but none the less they

change in nnich the same way. They undergo a slow

change which corresponds in many respects to com-

bustion or burning.

During this cliange, waste materials are produced

of the same kind as in the engine furnace. The chief

of these are water and carbon dioxide. Some of the

water passes out through the pores of the skin as

perspiration. Some of it is breathed out from the

lungs, as you can see in cold weather by the little

clouds of vapour which the breath carries with it. The

carbon dioxide is also carried by the bl(M)d to the

(1,701)
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lungs, and is thus removed from the body by the
breath.

Like the engine, the body does not work well if

we give it too much or too little fuel, or if the fuel
is not of the right kind. And just as there must be
a good draught in the furnace to supply plenty of
oxygen, so the body needs abundance of fresh air for
the same purpose.

Sometimes we put too much fuel into the furnace
of our body, and it becomes choked with waste matter.
Then it cannot do its work, and we say that we feel
ill, or have no appetite for our food. We may require
medicine to help the body to get rid of the wiiate
matter, cr a '".ttle more exercise and fre.-ii ^ir, with
lighter food, may put it right again. It needs a good
deal of care to stoke a furnace properly, so as to
keep up a high pressure of steam in the boiler ; and
these engines of ours also need careful stoking to
produce the full amount of energy f^r our work.

Our body is a much more wonderful and perfect
machine than a steam-engine in many ways. The
steam-engine needs a great deal of heat in the boiler,
and m order to get this the furnace must be kept
extremely hot; much of its heac is wasted, however
and does not go intr the boiler at all, while a great
deal of the heat of Jie steam is also wasted as it,

blows off mto the air. In the body, however, the
heat IS produced in all parts of it, and is just enough
to keep us comfortably warm when our muscles are
doing their ordinary work.
A still more wonderful thing about the body is that

It uses the fuel we give it to build up the engine and
keep It ni repair. And this building and repairincr
of the engine nr<., best done while the engine is actually

(i.7ai) 2
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working. A Bteam-engine must be completely finished

before it can begin wofking, and when any part w< irs

out or gets damaged the engine must be stopped until

a new part is fitted into it. But the young child' i

body builds itself up and makes itself strong all the

time that it is actively working—and a young child,

as you know, does not let its muscles rest long.

The fuel which keeps the little engine running is at

the same time repairing all the waste which the work
produces, and is also making every part of the engine

bigger and stronger day by day. No machine invented

by man can do that. Man cannot put life into a

machine ; and it is that mysterious thing we call life

which makes our l)ody infinitely finer and more
wonderful than any engine made out of dead matter.



CHAPTER III

GROWTH
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" When I am a man," said a Httlo boy, " it will fee]

awfully funny for the first day or two !

" He had

just begun '

. realize that little boys do grow up to

be men, but he did not think that they grow so

very slowly and gradually as they do. Growing up

is not a matter of a day or two ; it needs some

twenty years or more. All healthy young creatures

grow, some faster and some slower, until they reach

their full size. The lower animals grow much more

quickly than boys and girls do. The growth of a

lamb into a sheep, or of a kitten into a cat, only

requires a few months; a boy or a girl takes many
years to grow into a man or a woman.

There is a good reason for this. Growing means

more than getting bigger and heavier ; it also means

that the body is becoming stronger, and able to do

better the things which we require *o do in after

life. While growing we are also learning. Brain and

nerves and muscles Ijecome bigger and heavier and

stronger, but this would be of little use unless they

also became better servants of the mind and will.

So children grow more; slowly, and have a longer

time of 3'outh than the lov.cr animals, because they

must have more time to learn. They need to learn
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iimny habits and to practise iiuuiy kinds of work,

and the body builds itself up slowly so that we may
have the opportunity of buildinjj it in the best way.

Chihh'on j^row most rapidly in their infancy. A
child has reached half its full heiffht when it is

two years old. All persons do not jjjrow to the

same heii^ht. Even in one family, some may be

short and others tall, while there are often great
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differenceK in the average height of different families

and of different races of nien. But while height

depends a good deal upon the race and the family

to which one belongs, the strength of the body and

of its vai'ious parts depends chiefly upon its proper

nourishment while it is gi-owing.

When the body grows '•\ size, it actually contains

more tissue than it did before—a greater (juantity

uf uiu.-scle, IxHie, skin, and all the rest. Your bouesj



Growth 29

are longer and tliicker and heavier than they were

when you were a child of seven, and every part of

your body contains more material. Where did the

new material come from ? It has all been supplied

by the food which you have eaten. Your food

has not only given you heat and supplied you with
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energy for all the work which your body has done,

but it has actually added new material to all the

different organs and tissues which the body contains.

No wonder that you have been hungry at meal
times, and even before meal times ! Your growino-

body wH.s calling out not only for fuel but also for

building material.
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You have been toM that foods containing carbon

give out energy and heat ; and carton is also needed to

build up some of the tissues of the body. But these

tissues also recjuire a substance called nitrogen. The
greater part of the air is composed of pure nitrogen, bat

the body cannot make use of this ; it must have foods

containing compounds of nitrogen and other elements

to build up its tissues. Hence, if we are to grow
and to be strong, our meals must give us various

kinds of food containing both carbon and nitrogen.

The food must also be plain and wholesome, so that

the body may be able to get from it the nourish-

ment which it contains. Milk is the best food for

children, as it contains all the substances that are

needed for growth and for energy and heat. Oat-

meal contains good material for growth. So oatmeal

porridge and milk is an excellent meal for children.

But it is so important to know what foods are

good for us that this subject must have a clijiptur

to itself.

Our growth and strength depend upon the quantity

of food we eat as well as the kind. Doctors and
other learned men have made careful studies of how
much food is re(juii'ed, and we sliall learn something

about that later. But even if you knew exactly

how many ounces of carbon and other materials

were needed by your body in a day, that would not

help you much in knowing how much bread or meat
you ought to eat at any of your iiioals. You have

a much better guide to follow, and that is your

appetite, or hunger. If the food is plain and whole-

some, you will not go far wrong if you eat as

nuieh as y<nir nppptite niakrs j-ou wish to il The
feeling of hunger is just the call of the body for
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nourishment, and when the body has had all it

needs our Imnger ceases.

This does not mean, of course, that we aro to eat

all we can. Sometimes children are very fond of

certain foods, especially sweet dishes, and if they

were allowed to do so they would <^o on eating of

these until the furnace of the body was quite

These hco young rats are. o/ the 8>.rne litter. The. upper one (a) has been

fed on bread and milk, and t^e lower one (6) on beefsteak. Note the

difference in growth.

choked up with waste materials, and could no
longer do its work. Such foods are very pleasant

when they are u.sed aright, but if we had nothing

else to eat we should soon tire of them and wish

for plainer food. Wu never tire of plaiil food. It

is from this that the body gi'ts most nourishment,

and it is this that our appetite demands v/hen we
are hungry. When we have eaten as much as the
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body needs, we have no desire to eat more for the

mere pleasure of its taste.

If children have not enough fofxl they do not
thrive. Their growth is slow, and they are not tall

enough or heavy enough for their age. They are

thin and pale, for their blood is wanting in nourish-

ment, and cannot build up the reserve store of tab

under the skin which makes one look plump and
healthy. They have little energy and are easily

tired, whether they are doing school lessons or
other work. We often see in our city streets chil-

dren who are like that.

We must not think, however, that all such children

suffer from hunger and cannot get enough to eat.

In many cases they are badly nourished because
their parents do not give them the right kind of
food. Perhaps the food which they eat costs more
money than more nourishing and plain food would do,

but their bodies are starved in spite of the money
spent on their food. Rich and highly-flavoured dishes

spoil the appetite and the digestion, and the body
is left without sufficient nourishment. Tea and fine

white bread are too often given in place of cheaper
but more nourishinor foods.

But it is also true that many children, and grown-
up people as well, suffer because they cannot obtain
a sufficient quantity of food. Then the fat stored
in the body gradually wastes away, the muscles are
not repaired with new material, and they become
thinner and weaker day by day, and if this is

allowed to go on the person dies of starvation. In
some lands famine comes from time to time through
failure of the crops. This often happens in India,

and the Government spends great .sums of money in
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]»riiii;iii<,' ffunl t<> tin- (listricts wIuto tlu' people un*

Huft'i'iinj; from faiiiiiie. Sometiiin's a jjivut strike of

workmen lends to want in their homes, and the

little childreii suH'er more from liun<;er than the

older people. In time of war, when a city is l)e-

sie^jed by the enemy, it cannot hold ont after the

fi^td is exhansted. Hunger is the most terrible foe

of all. We are so nnich accustomed to plenty of

f(M»d tliat wi- hardly realize liow necessary focnl is.

There are many ill-;;rown and starved-l(K)kintf

children in our cities who do not sutler in any way

from want of fjKxl. (Jrowth depends a good deal

upon other thinj,'s. A'.'v/v/s/' an<l fri'xh (dr are as

necessary as f(H)d. The niuscle.s of a blacksmith's

arm are mvich bijrijer and stroni;er than those of a

clerk, and this is due to the exercise or work which

is done by these muscles. Work causes waste, and

the 1)1(M)<1 hurries to the working part with stores

of new nmterial to repair the waste, and not only

to rej)air it but to l)uild up extra tissue for future

use. If you weiH' to tie up one arm and never

move it, it would soon l)ecome thin and weak and

useless. It would not grow so well as the other

arm. Fresh air, as you have been told, is required to

give oxygen to the blood, and without oxygen the

furnace of the l)ody cannot work properly. Both

for exercise and for fresh air a country life is

better than a citv life ; but if we remember that

these things are neces.sary to make us strong, we can

easily find opportunities for getting enough of them even

in our cities.

There is another reason why city children some-

tiuies l')ok pale and tired in school, and are not so

big as country cliildren of the same age. They do



(irowtli 'ir,

not fjt't enoujfh shrf>. Slm-p is tht; titue when

tlie iKwly se«Mns to <1() most of its <,'ro\viii<,' and

rt-pairinj;, nml cliiMrcn need a fjrcat tl«'al niori» slit-p

than tjrown-up people. A bal)y sleeps nearly all the

time except when it is takin^; fcMxl Yonn;; children

need a lonij sleep at ni;,'ht and a sleep in the after-

noon as well. Hoys and jjirls at school refjuire from

ten to twelve lioiu's' sleep, and should never liave

less than ten until they are over fifteen years old.

Now in our cities there are njany thinj;;s that rol)

childn-n of their necessary sleep. Their parents may

keep late hours, on account of the nature of the

fathers' work. The children often have evening;

parties and entertainments which encroach upon the

time for sleep, and thus do more harm than ^o«>d.

Irretrular hours may be kept, and when the children

mi«,dit tro to l)ed at the rij^ht time they do not feel

sleepy, l)ecause they liave not formed the habit of

goinjj to sleep at a tixed hour each night. I^ite

noises in the house or in the street often disturl) the

hildren's sleep, even when they are not actually

wakened, and it is sound sleep which they need.

There are many causes of this kind whicli rob city

children of their sleep, and make them grow up pah;,

sickly, and nervous, instead of rosy, active, and sturdy

as every child ought to be.

Tliere is one other thing that affects the growth

of children, and that is clothlnff. The chief use of

clothing in our coutitry is to keep us warm. As

we liave said, our body makes its own .supply of

lieat. It is a slow-combustion furnace, where the

oxyge«i of the air and the carbon of the food are

always uniting to form carV^m dioxide, and in so

doing they produce the heat which the body requirea
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If our clothiiiir is too lijjht, or is of .•m unHuitable
kind, the Murfacf of th«' Ixxly ^r,.t.s chilled by the
cold air. Its hwit is wa.stt'd, a.d tlie furnace mu8t
work to prixluee more lieat. In this way the carlxjn
of our food is wasted, and there is less of it avail-
able for <,Mowin},' and other purposes. A fanner
knows that if his youn^' calves or lambs are to grow
well, they must b> sheltered from the cold. If they
are not, they will need nxjre f<Kxl, and even then
they will not be plump and well-grown and healUiy-
l(X)king. It is the same with children: insufficient
clothing causes a waste of the heat of the body and
checks its proper growth.

Now we must see how the growing and the
repairing of our bodies are actually carried on.
When any part of a steam-engine becomes worn it
must be taken away and a new part put in its
place. The parts of the body do not wear out in
this way. They go on repairing themselves all the
tune they are working. That is one of the great
differences l)etween living and dead matter. Living
matter is always changing, and changing in such a
way as to Ixjnefit the individual body of which it
forms a part. The whole body is composed of cells-
tiny bags of matter of various sorts—and while each
cell seems to live a little life of its own, it also
acts along with the other cells in preserving the life of
the body.

Perhaps you have seen men building a wall at
the side of a river. Kow imagine that the wall
IS to be built of bags of cement: the cement is
soft at first, and as the bags are put into their
places they fit together .[uite easily and then Ijecome
hard. But now you must imagine something very
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wonderful. The baffs come floatincj down the stream

of their own accord, and slip into their places without

any one touching them. Besides, when any bag gets

damaged the river carries it away and a new one comes

floating along and slips into the place of the old one.

The wall Imilds itself and also keeps itself in repair.

But however much we may strain our imagination

and fancy all kinds of wonderful things, we can

never picture to ourselves all the wonder that there

if in our living bodies.

Some of the cells which build up the body. (A, brain cell ; B, muscle

cell ; C, D, bone cells ; E, F, blood cells.)

The cells which build up the body have different

;vork to do, and re([uire different materials, and each

of thetn takes from the blf)od just the kind of

material which it needs. We have brain cells, which

in some way supply the energy for our thinking

and for guiding the movements of our muscles. We
have muscle cells, whirh can contract so as to become

shorter and thicker for a time, and which thus cause

all the movements of the body. We have bone cells,

which fill themselves with hard matter just like the

cement bags of which wc spoke. We have various

kinds of blood cells, some of which carry oxyger



Growth 39

from the lungs, and some of which behave like

those tiny living creatures which we call microbes

or gernjs, and attack any disease germs which may get

into the blood ; we shall ha':c more Ui say about

these strange little cells ir other tV.ap'ers. Each

cell has some work to do, • snne material to take

out of the blood and build ip iiit > its own special

kind of tissue, and in this way the whole body

grows to its full size and is kept in repair all

through life. Truly the Psalmist was right when he

said that we are " fearfully and wonderfully made."

If

i



CHAPTER IV

THE BUILD OF THE BODY 1

If you wei-e asked to describe your body as you might

describe a flower, or a machine, or some other object,

how would you set about iv ? You might begin by

naming the cluef parts of which it is made up : these

are the liead, the body or trunk, tlie two arms, and

the two legs. You might also mention that in the

framework of the body there are hard parts called

bones, which support it and keep it in shape, and soft

parts called flosli or nuiscles, which Miove the body, and

that over all is a covering called the skin.

When a baby is quite young it caiuiot stand upright

or walk, although it has bon ?s and nrnf^cles. That is

because the nmscles are still weak, and the baby has

not learned how to use them so as to keep its balance.

Besides this its bones are still soft, and the weight of

the body would cause them to bend and put them out

of shape.

Bone consists of two substances. The one is some-

what soft and yielding, like what we call " gristle " in

meat. This is the living, growing element i>i bone, for

the V)on(is must grow as the rest of the body grows.

The other material is a hard miiuM-al substance chiefly

com])()sed of lime, and this material is gradually mixed

with the other, making the bones stitt" and hard. Some
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animals liave the power of laying down lime op tli

outside of their body. It forms a hard shell, whic

protects the softer parts of the body. We see examples

of this in the lobster and other " shell-fish," as we call

them. In the human body the lime is deposited in the

soft material of the bones.

A baby's bones are soft because tluy contain very

little lime at first. That is why very young children

should not be encouraged to stand up. Until they are

nine months old or even older, the bones are not strong

enough to support the weight of the body, and they

easily become bent. When childnm get food which

does not contain enough lime, their bones do not harden

properly ; they may be put out of shape by the weight

of the body, and remain bent throughout life. Milk

contains lime, and this is one reason why milk is a good

food for young children.

It is not babies only who may have their bones bent

and put out of shape. The bones of older children are

also softer than those of grown-up people, and we shall

see that there are several ways in which even big boys

and girls may put their bones into bad positions. The

bones do not stop growing until we have reached our

full height.

The large bones are not solid throughout. There is

a hollow part in the centre, wliich prevents the bone

being too heavy. This hollow usually contains a fatty

substance called marrow, but the hollow bones of a

bird contiiin air only, as they must be as light as

possible for flying.

The framework of bones which lies within the body

is called the skeleton. If we look at a picture of the

skeleton, we see that it consists of a very large number

of bones ; we should never have supposed that there are
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greatly

many, i ne iminher ot bones

than two hundred and six. The;

and also in shape, some

being long and round,

others broad and flat, and

others irregular in form.

Like the body of which

it is the framework, the

skeleton divides naturally

into the head, the trunk or

body, and the four limbs.

In the trunk, however, we
see a considerable differ-

ence between the bones of

the upper part, or chest,

and the lower part or

abdomen. The chest has

bones all round it, while

the abdomen has bones

only below and behind it.

Let us look now at the

various parts of the skeleton

in turn, begiiming with the

head. When a man has a

large sum of money in the

house, or valuable papers,

he usually keeps them in a
" strong-box " or safe. The
bones of the head form a

strong-box, in which some-

thing of the greatest importance is kept—that is, the

brain. The brain, as we shall see later, is that part of

the ]v)dy which governs every other part, and the

well-being of the whole body depend^ upon it. The

Th£ Skeleton.
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brain i.s ooiuposetl of soft and delicate matter and is

easily injured, and so it must be protected from harm.

The strontr-box of bone which contains the brain is

called the skull. It is made up of several Hat bones,

jt>im'd tofjether very firmly by toothed ed^es. Tlie

skull is very strong—strong enough indeed to resist any

ordinary injury. It is a very bad fall (jr a very severe

blow that can break or fracture the skull. In young

children, however, the bones of the skull are very soft,

and as the brain then grows rapidly the bones also grow

The skull, front view and side view.

at the edges so as to make the box larger year by
year.

You may ha . e heard of a tribe of Indians in the west

of Canada called Flatheads. They used to bandage

the heads of their children while the bones were soft,

so as to make their heads much longer, and as the bones

hardened they kept this cinnous form, flattened on the

forehead and projecting upwards at the crown. It was
a very absurd custom, but we are sometimes gjilty of

conduct quite as foolish, when we treat our soft growing

bones so as to put them out of sliape.

If you look at a drawing of the skull, you will notice
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how the bones of the face are arranged. The upper
part is tlie forehead, which is much higher in some
people than in others. It used to be thought that
people with a high forehead liad a better brain or were
cleverer than others. Tliis is not the case, however,
and many clever people have a low forehead. Below
this you see two deep cavities called the orbits or eye-
sockets, which contain the eyes. These delicate organs
are protected by bones all round except in front.

Below these, and in the middle line, you see another
cavity, which is that of the nose. In the skeleton the
nose seems very short. That is because the lower part
of the nose has its framework not of bone but of a
softer substance which we call cartilage, or gristle.
Within the nose cavity there are thin curved bones,
over which the soft lining membrane of the nose is
folded so as to give it a larger surface than if the walls
of the cavity were smooth or plain.

Still lower comes the large cavity of the mouth, with
the teeth in the upper and lower jaws. The teeth
themselves are not bones, however, as you will learn in
a later lesson. The lower jaw is the only bone of the
head which has joints that can be moved. It can move
up and down, and also slightly from side to sl.'e. It is
this movement of the lower jaw which enables us to
chew our food, and also to produce many of the sounds
of speech.

Notice also the small opening on the side of the
skull. This is the entrance to the ear passage. The
ear itself—not the projecting part which we see, but
the part which is actually concerned in hearing—is
placed quite inside the bone. Like the brain and
the eye. it is an extremely delicate? structure, and soaka them. It IS well protected by bone With so many

(1,791) 3
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delicate and important organs contained in it, you can

understand why no one should ever strike a blow at

the head, and especially at the ear, not

even in fun. The ear may easily be

injured even by a slight blow.

There is one opening in the skull yet

to be noticed, and that is in the lower

part or base of the strong-box. Through

this opening a thick cable of nerve tissue

called the spinal cord passes from the

brain down along the backbone, from

which nerves branch off to all parts of

the body and the limbs. The base of

the skull rests upon the backbone or

spinal colunm, and this we must next

examine.

The backbone is the chief support of

the body, both of the chest and the

abdomen. It is a column built up of

thirty-three separate bones. When we

look at one of these bones we see passing

through it the canal

in which the spinal

cord lies. In front

of this is a solid

block which forms

the body or chief

part of the bone.

The body of each

bone rests firmly upon that of

the one below, with a pad of carti-

lage between them. This pad keeps the column of bone

from being jarred as we walk or jump. Belund the

canal the"e are projecting parts which fit into the

A side view of the

spinal colujnn.

A hone of the spitud

cduvm.
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l)ones above and below, and the whole is bound together

hy a tough, fibrous material, so that the bones cannot

slip out of their place in the column.

Wli» 1 we lock at a side view of the spinal column

we may be surprised to find that it is not straight. It

has several curves. It curves slightly forward in the

neck, backward in the region of the chest, forward

again in the abdomen, and then backward. In a very

young child these curves are not present. They begin

" Crooked and ungainly."

to appear as the muscles of the back develop, and as

the baby learns to hold up his head and to raise himself

and balance his body.

We mentioned that growing boys and girls sometimes

act so as to bend their unhardened bones and put them

out of shape. The spine often gets bent in growing

children. When you stand on one foot, or sit sideways

at your desk, holding one shoulder higher than the

other, you are bending your spine into a bad position.

Tliis not only makes you look crooked and ungainly,

but cramps the ribs on -jiie side and interferes with the

:i
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five movemonta of the chest in broathinjj. Habits of

sitting and standing so as to bond the spine are

(luite as foolish as tlie Indian habit of l)ending the

bones of tlie skull when their children are young. The

Indians nnght excuse themselves by saying that the

flattened skull improves their appearance, but we cannot

say this about a bent or crooked bac':lK)ne.

The upper part of the l)ody is called the chest or

thorax. Here the bones form a cage-like structure

within which are the heart

and the lungs. This cage

is formed by the ribs, of

which there are twelve on

either side. The ribs curve

round from the backbone to

the flat breast-lionc in front,

to which the upper ribs have

their front ends joined.

The chest differs from the

other bony cavities of the

body in being able to expand

and contract. It can increase

in size in order to allow the

lungs to be filled with air. You can feel the ribs

rise" and fall as you breathe in and out. If the chest

does not move freely, the lungs cannot expand and

take in a full supply of fresh air; then the blood

is not rightly purified, and the health suffers. Since

the chest" is meant to move in this way, you can sec

how foolish it is to wear clothing which cramps and

restrains its movenu'iits.

But wearing tight clothing is not the only way in

which we sometimes hinder the free movement of thr

chest. As you have just read, we may do the sam-

Tlic clieM or thorax.
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kind of injury by stooping or Ixjnding sideways at our
work, or by allowing the shoulders to Ix^couie rounded
or the chest flattened and hollow, ]f we are to have a
well-developed chest wo must keep the back erect, the

shoulders thrown well

back, and the lower

part of the caost ex-

panded. Not only does

this improve one's ap-

pearance, but it also

promotes good health,

as we shall see later

when we consider the

action of the lungs.

The chest is sepa-

rated from the lower

part of the body, or

abdomen, by a thin sheet

or membrane formed

chiefly of muscle. This

muscle is the floor of

the chest, as we may
say, and the roof of the

abdomen. The abdomen
has the backbone behind,

and is supported in froTit

by strong fibrous mem-
branes and muscles.

Below, it is supported

by two large, irregularly-shaped bones which form a
basin-shaped hollow known as the pelvis. The largest

organs in the abdomen are the stomach and the intes-

tines, the liver, and the kidneys.

When we look at the bones of the limbs, we see that

Bones of the leg and the arm.
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thoHO of tljv arm ami the leg are v«>ry much alike in

their arrangement. The upper bone of the leg is

jointed to the pelvis; that of the arm to what we call

the shoulder girdle. The shoulder girdle consists of

two pairs of bones—the broad, flat shoulder blades

behind, and in front, running from the neck to the top

of the slioulder, the long, slender collar lx)nes. which

frequently get broken in rough games. The shoulder

Right hand, palm upwards.

The same, palm downwards. Note how the bones of the forearm

cross each other.

joint has much more freedom of movement than the

hip joint.

In the upper part of the arm, and also of the leg,

there is a single strong bone with a long, round, hollow

shaft. The next part of each limb contains two bones

lying side by side : in the arm tliese occupy the space

between the elbow and the wrist, and in the leu

between the knee and the ankle. In this part also th.'

arm has more freedotn of movement than the leg. Lay

your arm flat on the table with the palm of the haml

upwards. Then, keeping the elbow still on the tabl<

,

turn your hand palm downwards. You cannot niov :

your leg and foot in this way.

mi,--^i
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In tho wrist and in the ankle there ure a number of
small bones firmly bound together, and then come the
long jointed bones which form the \x)dy of the hand
and the fingers, corresponding to those of the foot and
the toes. The hand, however, has a much freer range
of movement than the foot. You can make the thumb
and the little finger meet across the palm of the hand,
but you cannot move the great toe and the little toe in
this way.

The general difference between tho upper and the
lower limb is that the leg and foot have developed
Holidity and strength, by having to support the weight
of the body and doing nothing else. The arm and the
hand have ac(|uired much greater freedom, and can
perform very fine and accurate movements. The hand
can be trained to carry out the highest ideas of the
mind, and on this account it is one-of the most wonder-
ful organs of the bofly.

Photnqraph of the hand taken by the X.rm/.i. The fmnr.t shr.,t?

dark through the fiesh of the hand.
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CHAPTER V

THE BUILD OF THE BODY II

We have seen what bones are like and how they are

arranged to form the skeleton. Let us now see how

they are bound together or jointed into one framework.

A joint, as yea know, is the meeting-place of two or

more bones. There are many

joints in the body, and these

differ greatly in appearance.

When we come to examine

them, however, we find that

they may all be divided into

two classes— joints which

allow of movement between

the bones where they meet,

and joints which do not.

Those where movement is

possible are known as perfect

A hinge joint—the Mow joint, i^^jy^^

Hold your upper arm rigid and move the forearm

at the elbow joint
;
you can move it a certain distance

in two directions, backward and forward. The joint

acts like a hinge, and is therefore called a hinge joint.

Now, hold the forearm rigid ar i move your hand at

the wrist. The snmll bones of the wrist slide a litth-

way on one another, and so the hand can be bent
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backwards and forwards, and also from side to side.
Swing your arm from the shoulder, and you will find
that it can move freely in a circle in any direction.
The shoulder joint is called a ball-and-socket joint,
because there is a round knob or ball at the top of
the bone of the upper arm which fits into a cup-shaped
hollow or socket in the point of the shoulder blade.
The hip-joint is also a ball-

and-socket joint All these

are perfect joints.

You have seen the bones
in beef or mutton, or in

the leg or wing of a fowl.

Where there is a joint, the
end of the bone, especially

before it is cooked, is very
smooth and has a white
glistening appearance. This
is due to a covering of
cartilage on the end of the
bones which enables them
to mpve more smoothly upon
one another. The ends are
also shaped so as to fit

exactly together, and to aid

still further in smoothness of movement, there is a
covering round each joint which secretes a kind of
oil, just aa we put a drop of oil on a metal hinge
to make it move easily and without creaking.

But while smooth movement is necessary, it is also
necessary that a joint should not move too far, or in
any direction other than is required by the body. This
is partly prevented by the strong fibrous covering
or capsule which surrounds each joint. In some

A haU-and-aoeket joint—
the hip joint.
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joints there are projecting parts of the bones which

meet and prevent the joint from moving too far. Thus

when your arm is bent you can move it at the elbow

until it is straight, but it will not go farther. There

is a bony projection behind the elbow which prevents

further movement. The muscles are also arranged so

as to allow only the necessary degree of movement in

a joint.

We are not likely to take so much interest in the

imperfect joints in our body, where

bones meet in such a way that there

is no movement between them. Some

of these joints have been already

mentioned—the joints found in the

skull, where the bones are firmly

fixed together by their toothed edges.

Sometimes the joints are so close

that one might look at the bones

The bones of the akiiU, without seeing the joining.
joined by toothed edges. r^^^

j^j^^.^ ^^^ protected by the mem-

brane which surrounds them and by the muscles, but

they sometimes got injured by having the bones pulled

out of their place. This is called a dislocation; we

often speak of it as some part being " put out of joint."

When this happens the bones must be put back into their

place again. Young children sometimes have their joints

injured in a way which few people seem to think of.

One often sees careless people pulling children roughly

about, or perhaps even lifting a child off a street car

by the arm. This is really very dangerous, as a joint

may be injured, or even a part of a bone may be pulled

out of its place. We should remember that children's

bones are not so hard as those of older people.

We must now consider the other structures which
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form the support of our bodies—namely, the muscleii.

Probably you have never seen a person faint, but you

know that when a person who is in

delicate health becomes very tired and

exhausted he sometimes becomes uncon-

scious and suddenly falls down. Why
should he fall instead of remaining

upright ? It is because the muscles

suddenly relax. The body is held in

an upright position by the muscles

keeping up a certain steady tension,

those on the front of the body and

the legs pulling against those of the

back, so as to balance the weight on

the feet. The muscles do a consider-

able amount of work
in merely holding the
11 • 1 i. J iu* Spindle-shaped musde
body upright, and this f£eafron,theirUerml

is why you feel tired organs (alieath reinowd
-. i T . horn tvx) ol the fibres).

after standing at

"attention" for a while. The muscles

also cause all the movements that are

made in the body, and so they have a

great deal of work to do. We need a

large quantity of muscular tissue to do

all this work, and the weight of the

muscles is more than one-third of the

whole weight of the body.

The muscles are of two kinds. One
kind is found in the walls of the hollow

organs of the body, .such as the stomach and the blood-

vessels. This kind of muscle is built up of fibres, each

of which is shaped like a spindle—thick in the middle

aud thin at the ends. The other kind of muscle ia

Musde. fibres from
the skeletal muscles.
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Bundle of fibres forming

a inuMle.

found in the large bundles of fibres which are connected

with the bones, and form the " flesh " of the body.

By far the greater part of the muscular tissue of

the body is connected with the skeleton. The beauty

of form and attitude of the human body depends upon

the proper development of the

muscles. The people of ancient

Greece had a deep love for beauty,

and in order to develop their

bodies in the best way they gave

great attention to athletic exercises

and games. The well-known statue

of the man throwing the discus or

quoit is a fine example of the beauty

of a Greek athlete. When certain

muscles are over-developed by con-

stant use they become very hard

and strong, and stand out in irregular masses. You

all know Longfellow's description in the " Village

Blacksmitl i

,"—
" Tlie smith, a mighty man is he,

With large and sinewy hands ;

Aiid the muscles of liis biawny arms
Are strong as iron bands."

A muscle is a thick mass of fleshy fibres attached

to a l)one at each end, either directly or by means of

a band of hard, tough fibres. The bands which join

the muscles to the bones are called tendons. Several

of these pass down the wrist, and a very large one

can be felt at the back of the heel. This is called the

" tendon of Achilles," from an old Greek story. When

the hero Achilles was a bi;by, he was dipped by his

mother it\ a mairic fountain which had the power of

preserving his body from all wounds. In doing this.



y

" The wdl-kiujwn alaiue of the 7nan throwing the discus „r quoit is a
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example of the hmuly of a Greek athlete " (p. 56).
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however, the mother held the baby by the heel, and it

was on this part of his body, which had not been wet

by the water, that he received his death-wound.

The muscles connected with the skeleton, or drletal

muscles as they are called, are made up of parallel

bundles of striped fibres. When a muscle contracts

each of these fibres becomes shorter and thicker, and

so the whole muscle shortens and thickens, and draws

closer together the two bones to which its ends are at-

tached. Grasp with your left hand the fleshy mass which

lies on the front of your right arm between the elbow

and the shoulder. Now bend your right elbow, bring-

The contraction of the biceps muscle.

ing the right hand up as near the shoulder as you can.

You do this by the contraction of the biceps muscle on

which your left hand is resting, and you can feel it

becoming thicker and harder as the movement is made.

The muscles rarely act singly. What may appear to

be a simple movement due to only one muscle is often

caused by the contraction of several. When you nod

your head, or shake it, a number of muscles are acting.

When you dance you employ groups of muscles in lx)th

legs, and also many in the body. When we perform

any series of muscular movements smoothly, our muscles

are said to co-ordinate—that is, to work together. Some

actions can l.e carried uut easily and sinuuthly from
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the beginning of life. Breathing is a complex process,

requiring the action of many muscles, and yet breathing
is carried on as well on the first day of our life as
it is afterwards. The same is true of the beating of

the heart and of many other movements.

There are movements, however, which are less easy
to perform. A baby can very soon move the bigger
muscles of his limbs, as you can see by his kicking,

and tossing his arms about. He is several years old,

however, before he learns to control the smaller muscles
which move the hand and the fingers. Many of the
things we learn in school are exercises for the smaller
muscles. Writing and sewing are done mainly by the
muscles of the hand; reading requires the movement
of the finer muscles of the eye, and so on. All these
have to be gradually learned.

If we had to learn by memory all these movements,
and to think out what was wanted at every step, we
might give up the task in despair. But, fortunately,
the muscles themselves seem to remember it all for
us—or rather the nerve cells, which, as we shall see
later, control the muscles and make them act when
required. So when we have learned and practised
such complex movements as those of sewing or dancing,
the muscles and nerves take charge of the matter for
us, and all we need do is to make up our mind to
begin. When we have learned to walk, we no longer
need to study how to place our feet at every step;
and when we practise a piece of music on the piano
or the violin, our fingers seem to find their way about
without our giving any heed to them.

This is of great advantage to our health, for we can
train our bodies to the postures and movements which
are good for health, and then the matter needs no

:.i;
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more attention. You may have heard the old Scotch

proverb,

—

" Learn young, leani fair;

Learn auUl, learn sair.
"

This i8 true of what the muscles learn as well as the

mind. The time to train the muscles is while one is

young. Young people not only learn to swim or cycle

or dance more quickly and more easily than older

people, but they also learn to perform the movements

better and more ;.
acefully.

You can see now that the muscles have a more

important work to do in the body than you had

perhaps been aware of, since they carry on all the

movements not only of the limbs but also of the

internal organs on which life and health depend. It

is in them also that the heat of the body is largely

produced, and it is by means of certain muscles we

exercise the wonderful power of speech.

There are small groups of muscles in the skin which

are of much interest. Some of them are connected

with the roots of the hairs; these are of little im-

portance to us, but by means of them certain animals

have the power of making their hair stand upright,

as you may see a cat or a dog do when angry Ihe

muscles in the skin of the face, however, are of more

importance. They are sometimes called " muscles of

expression," because it is by their action that the face

takes on the expres.sion of a smile or a frown, and

looks pleased or angry or pained. When these muse es

contract, they cause certain folds or lines or wrinkles

to appear in the face.

Now the muscles of expression are like other muscles

in this that if thev do the same thing again and again,

they are able to do it all the more easily. The lines
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and wrinkles which in early life disappear as soon as
tlie smile or the frown has passed, by-and-by become
more marked and even permanent. That is how
the faces of older people get lined in various ways.
The nniscles have been so often used in a particular
way that the expre.ssion which they produce remains
on the face. You may have lieard of reading one's
character from his hand. A far truer and easier way
is to read it from his face. By the tim.^ one reaches
middle age, liis face .shows whether he is kindly or
harsh or fretful. It does not matter nnich what
our face looks like when we ai-e young, l»ut .soon our
character begins to l)e written upon it. Those tiny
mu.scles of the skin move in accordance with our mood,
and write its expression upon our face as plain as if

the word "cross" or " selfi.sl, " or "cheerful" were to
appear there. We have tlicwe nniscles under our control
at first, and can easily choose the better and dismiss the
worse. S(K)n, Ixnvevor, both our nuxxh and our mu.scles
obey the great law of habit, and the lines ui>on our face
become the record of our charactei-.

.::>

'4'

r

r.

4i-

(1.7!)1)





I

CHAPTER VI

FOOD AND DRINK

AnimaI-s differ much from one another in their

appearance and their habits, and they also differ

greatly in the food thoy eat. Some animals—such

as lions, tigers, and cats—are carnivorous or flesh-

eating; they hunt and kill

smaller animals and eat

their flesh. ]\Iany flesh-

eating animals, such as the

cjit, are able to move
silently and to stalk their

prey ; their feet have soft

pads which make no noise

in walking, and they have

sharp claws to seize and hold their prey and strong

muscles to carry it to their den.

There are other animals—such as horses, cattle, and

(leer—which got their food from the vegetable kingdom.

Thoy live on grasses or other plants, and are called

hcrhivorous^. Their tooth are suited for biting and

crushing the plants on which they live. Some animals

which are really herb-eaters, however, can suit them-

selves to circumstances in the matter of food. Rats,

for example, can flourish in a barn, they can thrive

oil the scraps from a butcher's shop, and they can
(i.rui) 4

Soft pads and sharp claws. r-
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Hv3 quite comfortably on tlie waste matter tlu«y lind

in drains and Heworn.

Man has a very wide power of adaptation as

rejjards his foo«l. Ho can eat and digest lx)th aninuil

and vegetable substances, and some of his ftxKl material

is drawn from the mineral kingdom.

So man is said to bo an omnivo-

rtmn or "all-eating" animal, since

ho makes use of all kinds of sub-

stances for the nourishment of his

body — animal, vegetable, and

mineral.

It seems strange at first that

animals should feed themselves so

differently—lions with their prey,

horses with oats and grass, and boys and girls with

porridge and milk or beef and potatoes. Yet the

result is the same in all these coses ; the body of each

animal is built up and repaired in the same way. We

must try to find out, therefore, whether these foods

which seem to be so difierent are not in some ways

alike, and whether the oats and

grass eaten by a horse can be

compared with a dinner which

any of us might eat.

All animals require food

for the same reasons— that

is, to give material for the

repair of their body, and

Teeth of a fieah-atting

aninud.

Tipper surface of the grinding

tooth of a herb-eater (ekphnnt).

growth and for

to supply heat

energy for work ; for all animals have

in searching for food, in defending

against enemies, and in other ways.

examine the body of an ani.nal, we find that its

tisauea contain a large amount of nitrogen; this

the

and

to work

—

themselves

When we
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niti<)j'"n, which is needed for growth and for repair,

must therefore l)o HUppUed in tlio fonn of fcKxJ. Wo

liu\e already said that, though the atjnosphcre round

about us is composed chiefly of nitrogen gas, yet

this pure nitrogen cannot be used by animals; it

n\ust be taken in the form of a very complex

HuVtstanco called protein, in which it is combined

with carlK)n, hydrogen, and oxygen. Proteins are

found both in animal and in vegetjible substances,

and so man and other animals can get the proteins

which they need either from the flesh of other animals

or from vegetables. Lions get protein in the form

of flesh, horses get it from oats or hay, and man finds

his supply either in meat or in flour and other vegetable

substances.

The same kind of foodstuff may appear in many

ditterent forms. Common forms of protein are white

of egg, casein or curd of milk, gluten or the sticky

substance which is found in flour, and the protein of

fish and meat. All these proteins act as builders and

repairers of tissue.

The second function of food is to bum, and thus to

produce energy and heat. We have already spoken of

the body as an engine, and of the foods which contain

carbon as fuel. Such foods are of two classes, carbo-

hydrates and fata. The carbohydrates are found as

either starches or sugars, so the chief fuels which

are consumed in the body are starch, sugar, and fat.

Perhaps you have never thought of starch as a food-

stuff, but it forms the greater part of su-h foods as

potatoes, rice, and other grains. Sugar is also found

in many fo<xls such as beet, honey, and fruits.

''lie most common forms of fat are cream and butter,

and the fat of meat.

c
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Besides the proteins, wliich provide for growth and

repair, and the carbohydrates and fats which give

heat and energy, the botly also requires certain

mineral substances known as suits. Tlese are found

chiefly in fruits and vegetables, and also in meat

and eggs. Mineral substances are needed to supply

hard material for the bones, and are also necessary

to keep the body in health. The want of these

salts in food sometimes causes a disease called scurvy,

which produces much weakness. This used to be a

common disease among sailors on long voyages, as

they could get no fresh vegetables or fruit. The

salts required, however, are found in the juice of

the lime and the lemon, and ships are now required

to carry a supply of lime juice to be given at

intervals to the sailoi-s. Since this has been done,

scurvy has become much less conunon.

Common salt is required in fo<xl as well as the

mineral salts of fruits and vegetables. Perhaps you

know the story that is told of an old king who had

three daughters, and who wanted to know which of

them loved him L 3t. The eldest daughter said she

loved him more than wine; the second, that she

loved him more than bread ; the third said, " I love

you more than salt" The king was disappointed

and angry with his youngest daughter, because she

compared him to a cheap and common thing like

salt, and so, in order to show him what she meant, she

asked the royal C(X)k to put no salt in the king's

dinner that day. Dish after dish was sent away

from the table; the king complained of their want

of taste, and could not eat them. Then his youngest

daughter said roguishly, " Dear father, they lack

salt
!

" The king laughed when he saw what his
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daughter had meant by loving him more than salt,

without which there is no savour in other foods,

and the story goes on to say that she became once

more his favourite child.

In addition to all those substances, there is a

large quantity of water in the body. About seventy

per cent.—that is, nearly three-fourths—of the whole

weight of the body is water, which is found in all

the tissues more or less. About four and a half pints

of water are given off by the body daily, in the form

of waste matter from the kidneys, the lungs, the

bowel, and the skin, and water is needed to make
up this loss.

We now see that our food must contain these five

classes of substances or foodstuffs—proteins, carbo-

hydrates, fats, salts, and fcer. But the food must
also contain these in a digestible form ; the body
must be able to break up the substances and take

what it needs. Ordinary cotton fibre has almost

exactly the same chemical composition as sugar, but
cotton cannot be digested and absorbed by the body
as sugar can, and so sugar is a food while cotton is

not. Again, we must not suppose that each food-

stuff contains only one of these classes of substances.

Some articles do contain only one, and in order to

make a meal we need to add dishes containing other

substances. Almost all articles of diet, however, contain

several of these foodstuffs, mixed in varying pro-

portion.

From the table on next page you see the proportion

of these substances in a number of common foods.

If you look at this table you will see how largely

water enters into the composition of food, even of

articles which no one would describe as " watery."
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I

1 1'

Beef (lean)

Oatmeal

.

Eggs
Peas (dried)

Beans

Bread

Potatoes

.

Flour .

Pork (fat)

Butter .

Nuts
Milk .

Cabbage

.

Lettuce .

Carrot .

Cheese .

Bananas

.

L

I'roti'iii.
Carbo-

hydrates.
Fat.

Salts and
Water.

20 2 78

16

14

07 7

11

10

75

'23 57 2 18

23 53 2 22

52 1 40

1 19 1 70

10 75 1 14

10 41 49

1 1 82 16

17 t
(>6 10

3 5 4 88

1 6 93

1
o 97

1 10 89

26 3 33 38

»4 1 1 76

Table showing percentage of nourishing materials in foods.

The table shows that lean meat, oatmeal, eggs, peas,

and beans all have a considerable amount of protein

or nitrogen-containing food. These we may call

nrowth foods. Bread, rice, and flour contam a large

amount of starch, which, as you will learn later is

changed into sugar in the body. Pork and bu ter

are rich in fatty matter, and these we may call fuel

foods. Some of these foods are of such importance

that we shall consider them in detail.

The first of these is milk. Infants are fed on

milk alone, and all through childhood milk is an

important part of diet. Children thrive on m.lk

because it contains all the necessary materials an.l

in the proportion which their body requires. C hiUlr-'LM'



O&tme^l

92 f,.c.

(3
25 p.c.

Sa.lm.on

2Zp.c.

Potatoes

22pc.

±UtUC€

8/be.

lit f

k

f.
.#

-u;

A-
I

*

.it

These circles show in black the proportion of nourishrnent con-

tained in suine common joodslufja.



70 Food and Drink

need a great deal of material for growth, and this

is supplied by milk; it also gives them the fuel

food which they require. Milk is not a suitable food

for adults. If a man lived on milk alone, he would

require to take eight pints a day. That would give

him the necessary amount of fuel food, but it would also

give him far more growth food than he requires. Milk

may, however, be used as the only food for a time, and

this is often done when

people are ill. When oat-

meal is combined with

milk an excellent food is

obtained.

Bread is so important

a food that it is often

called the " staff of life."

If you look at the

table on page 68, you

will see that bread con-

tains 7 per ceni of pro-
Tlie noufishmetU contained in milk.

tein and 52 per cent, of starch. Wheat flour, from

which bread is made, is used in other forms. From

it are made macaroni and many " patent foods." From

Indian corn we get hominy and corn flour.

Oatmeal is one of the most useful of foodstufls.

In Scotland it was formerly the chief food of the

people, although it is now less used than it should

be. It is valuable because it contains all the five

classes of foodstuffs, and for children there is no

better food than porridge and milk.

E.xperience has taught people to make good com-

binations of f(X)d, which contain just the materials

needed by the body. Oatmeal porridge and milk is

one of these combinations. Potatoes and uillk, ui

! 5
1 1
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potatoes and o<*<^h is a coinmon diet in Ireland. The
potatoes give carljohydrate, and the milk or c^jfs

protein. Bread and butter is another good conibina-

bread gives protein and carlxjhydrate, au«ltion

;

Brea-d Butter

Roast Bee/ Potatoes

Macaroni Cheese

Proiein^M JuEiESSlI Gi/iokyani6esEM WaierJ^

The nofirishmcnt supjdifd h;/ some kinds of mixed diet.

butter gives fat. Other good combinations are beans

and bacon, and meat and potatoes.

Let us now .see what food material wo get from
an ordinary day's diet. If onr breakfast consists of

porridge and milk, wo get from these protein, carbo-

hydrates, fats, salts, and water. Let us suppose that

we have for dinner meat and potatoes, followed by
rice pudding. We get protein from tie n\t"at, and

carbohydrate from the potatoes ; rice also is mostly

ii::-
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carbohydrate, while the milk with which it is cooked

and eateti contains all the five foo<lsturt'«. We may

have for Bupper bread and butter with milk ;
from

the bread we get i)rotein, carlxihydrates, and salts,

and from the butter we get fat, while the milk, as

before, supplies all the different foodstuffs. If you

think over what you eat during the day and look

at the table on page 6«, showing the composition of

connnon foods, you will see that in any ordinary

meal you get all the live classes of food material.

The wise choice of f(X)d simply means that we select

food which contains all the materials needed by the

body, and which is digestible, appetizing, and not

too expensive.

Children require a food supply somewhat different

from that of grown-up peojjle. As children are

growing, their bodies require a plentiful supply of

nitrogen : a child of five recpiires half as much

protein as a man. For this reason, oatmeal, which

contains a consid«'rable quantity of protein, is one of

the best foods for the young. Healthy children are

full of energy and activity; to supply this energy,

starch, sugar, and fat are necessary. Fats may be

given in the form of the fat of meat and bacon,

butter and cream. Sweets are goofl for children, as

sugar produces energy and heat. The sweets must

be of good (piality, however, and should be eaten in

moderation. If takoi between meals they destroy

the appetite and prevent the child from eating enough

of the plainer food materials. Sugar should not be

eaten the last thing at night, on account of its

effect upon the teeth. Salts are necessary, and these

are supplied by fruit and vegetables, atul also by

milk. e<'"s, and oatmeal. Children need a good deal
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of water, and should be allowed to drink what they

require.

Some substances which are larjjely used in our

meals are not really foods at all—that is, they do

not give us any of the substances which the body

requires. Such thinjjs as pepper, mustard, or nutmeg

are added to food in order to give it a flavour and

to stimulate the nerves of taste. These condiments,

as they are called, should not be given to children

unless in very small tjuantities, since their appetite

does not require to be stimulated through the sense

of taste.

The amount of food which is needed varies a good

deal with the circumstances of the individual and the

kind of work which he does. The average amount

actually eaten by a man each day has been found to

be this : One pound of bread, half a pound of meat, two

eggs, weighing a quarter of a pound, half a pint of

milk, a quarter of a pound of fat, one pound of potatoes,

two ounces of cheese, together with water to drink.

If very hard muscular work is being done, the

engine—the body—requires more fuel, and so more

food is taken. A laliourer expends more energy than

a clerk, and requires a larger food supply. A few

years ago, however, it was shown by experiments on

soldiers and students that good health can be main-

tained on much less protein ffK)d than is commonly

used. Whether or not the experiments prove all that

was claimed for them, it is probably true that most

grown-up people eat more food than they need. Not

only is this an unnecessary expense, but it leads to the

body being burdened with an excess of waste material.

This excess must be disposed of in some way. In the

case of carbonaceous food, it is stored up in the body
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i:

08 fat, and this fat interferea with the vigour of the

body. The excess of nitrogenous food is disposed of

by the kidneys, which often become diseased througli

being overtaxed with work. In the case of cliildren,

of course, growth as well as repair must be provided

for, and they must \ni abundantly fed.

The food which one requires varies with the climate

in which he lives. The Eskimo eats a great quantity

of blubber, which is a kind of fat. He tinds that this

food suits his cold country, for fat is a source of heat

Explorers who live for a time in the far north also

use a large quantity of fat in their dietary. Italian

labourers live mostly on macaroni, a preparation of

wheat flour, which consists chiefly of starch. Rice,

the favourite food in China and Japan, is also composed

largely of starch. For the production of heat and

energy, man seems to prefer fatty foods in cold coun-

tries and carbohydrates in warm countriea

The food connnonly used in any country also depends

on what can be easily and cheaply obtained. Fruits

which grow wild in the tropics may be so expensive

in colder countries that they cannot be used by the

poorer classes. In Scotland, salmon is now so scarce

as to be somewhat of a luxury; but it was formerly

so common that farm labourers sometimes made it part

of their engagement that they should not have salmon

for dinner more than twice a week. In some parts

of China, pheasants are so abundant that they are a

cheap article of diet ; in other parts they are too dear

to be used except by the well-to-do people.

Fortunately food need not be expensive in order to

be nourishing. i.i many cities meals are provided in

school for the school children, and it is found that the

cost of a thoroughly good, plain, nourishing meal is
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very anmll indeed. Breakfast, consisting of poiTid<;e and
milk, followed by bread and butter and milk, has been
provided at a c<ist of two cents, and dinner at a little

less than three cents.

We have also to consider the hevenuim which usually
form part of our dietary. Water is the most commou
lx;verai(e, and it forms a very

important part of all other

beverages. A considerable

(juantity of water is needed to

make up for the daily loss

from the body, and in hot
weather, when we perspire

freely, a larger quantity must
be drunk. The habit of

drinking iced water at meals,

however, is not good, as this

is apt to interfere with the

action of the stomach and to

cause indigestion.

Next to water, probably
our most common beverage

is tea. Though now common
among all English-speaking

peoples, it is only some three

hundred years since tea was introduced into England.
At first it was oo dear that only the rich could afford
it, but now it is cheap enough to be used by all classes.

The tea which we drink is an infusion of the dried
Imves of a shrub which grows most abundantly m
China and India. In China when one is given a cup of
tta the flowers of the plant float on the surface of the
fluid. Only the well-to-do people can aftord this fine
tea, which costs from four to five dollars a i)ound. The

Leaves and flowera of the

tea-plant.

il. .-
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tea which is exported from China is of a much coarser

quality. Sometimes Eut,'lish pi'oplo who hve m China

send hon.o to Lon.L.u for their tea. as they prefer the

coarser kind, and cannot buy it in the Chinese shops

Tea is not a food, and contains no nourishment for

the body. It is a stimulant—that, is, it excites the
•^ nerve cells to

action. Unlike

alcoliol, tea

dot^s not pro-

duce depression

afterwards.
The stimulat-

inj^ Hulxstance

in tea is called

theine. Tea

leaves also con-

tain tanniv,

the substance

which is used

to "<tan " or

harden leather,

and when tea

is infus(!d for

more than three
Leaves and berries of the coff,e jifvit.

minutes the in-

fusion contains tanni.i. The bad effects of tea are du.-

to lone, infusion, as tannin interferes with the digestion

of our^'food. Children under ten or eleven years of agr

are l)etter without tea, and even when they are oldir

the tea which they drink should be very weak and

should contain plenty of milk.

(\,tfee is nuule from the seods containe<l in the l)erry

of a shrub which grows largely iu Arabia, the Wesi
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Indies, and Uni/il. Tho Heedn aro loast..! ami then
^rround. and an infnsi„n is made from tli.; powdor
Coffee is a stimulating, drink, the stimulant contained'
ni It bemg caffeim, Mhich is tl.o same in compositi.m
as the t/teive of tea. 'i'he pleasant aroma of coffee is due
to an od which is set free (hn-irig the roastinc; process.
CoHee should not be given t., children.

Cocoa is another favourite beverage. It is prepared
froia the seeds of a plant which grows in the West
Indies. Cocoa has some
value as a foodstuff, as it

contains a considerable

proijortion of fat. Choco-
late is prepand from
cocoa by removing,' the fat

and adding sugar. Cocoa
is a very useful beverage
for children, and is only
slightly stimulating. Pro-
bably a gowl deal of the — -
pleasure we feel in drink-

^*« /*«" ««<^ ««'«^<^* "/ «Ae cocoa pfan/.

ing tea, coffee, and cocoa arises from their being taken
hot. Hot water, sweetened, is a (^uite agreeable
beverage. *

A number of common l)overages are known under
the general name of neraf,d w<itcrs—t]mt is, water
which contains carbon dioxide or carbonic ai'id gas
'iiider pres-sure. Soda water is an aerated water to
which s.,,la has Ix'en added. Other aerated waters, such
as lenjonade, are specially flavoured, and also contain
a considerable amount of sugar.

ilany of our common beverages contain alcohol, but
tins subHtanee is of so much importance that vv.- ,„ust
'I'-al with It in a separate chapt.-r.
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Most of our f.Mxl is pnfpHivd for «'atin<; by Wma
,',>nhr>l. Charl.s \jin\h in one of his t-ssjiyH gives a

fanciful account of l»ow cof)kin}i: was diHcov«MH'<l. Ilo

Hays tliat an ancient ( 'hint-so manuscript t»'lls of a

Hwimli.nl, Ho-ti, who 1» It his house in charge of his

son P>o-1h). During his ahsenc(! Ho-Ihi set tlie cottage

on fire and l>urne<l it to the ground, and the pigs

perished in tlie tire. Bo-Ik) smelt tlie fragrant o<lour

of roast pig, and when lie tasted it he found it delicious.

Ho-ti afterwards sliared in this dainty, and in order

to enjoy it lie occasionally hurnt down h's house. The

fashion spread until it In-came (|uitc a custom to burn

down one's cottage. Then at Ijwt a sage arose who

showed that a pig might Iw rojisted without burning

down a house.

Although Lamb is only joking when he tells this

story, it is likely that the efVi'ct of heat upon food was

discovered at first by some aeci<lent. It was found

that food was made more palatable by cooking, and

so the practice arose. Kut ccxiking dot>s more for food

than merely rendering it palatable. Heat kills dis-

ease germs, and such geruis as may be in the food are

destroyed by C(K)kiiig. Some foods are !nade more

digestil)le by cooking. When starch is cooked, the

starch grains burst open, and are more digestible in

that form. Cooked foo<l is generally softer and more

easily cliewed, and so it is better prepared for the

action of the juices of the stomach. Foo<l is usually

eaten warm after C(M)king, and this warmth makes it

more agreeable and also more digestible. It is not

every form of cfM.kiiig, however, that is helpful to

digestion. Frying, for example, though a quick an«i

easy .vay of c<iokincf fcMxl, is apt to make it har.l

and indigestible, and the coating of fat which th-
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f.uxl receives hinders the action of the digestive juices.

'I'he art of cooking is a nu.st important one so far ,ts

health is concerned, but we cuuiot discuss it fully at

^'' hi'aildition to choosing food of a suitable kind, we

must do our best to secure that the food we eat is r<'re

and chmx. Impurities are often added to f.HKl by

.lishonest traders in order to make it cheav . A K^xl

,„av >)e cheap and yet quite go^nl. but sometvmes men

n.iK inexi>ensive things with the food so that their

profits may be greater. Water is often a.Uh.d to m.lk,

sand may be mixe.l with sugar, and sometn-ies tea-

l.-aves which have been used are dried and mixed with

the tea that is to \yQ sold.
. , •

It is not always possible to tell whether a foo<l is

pure Dr not, unless it is cirefully examined by a chemist^

M.,st countries have laws against the adulteration <•

f„„d, and employ chemists to examine samples ..f what

is sold in ord«n- to ensure its purity.

Some of the impurities which spoil food are added to

it accidentally, an.l not on purpose. These are chicHy

tlie small organisms or microlxjs which causQ disi-as.-.

Milk frcmently contains the germ which causes the

.Irea.l disease tuberculosis ; and other infectious diseases,

such as scaHet fever, are fre<iuently spread by milk.

The germs of enteric fever, or typhoid fever as it i>^

commonly called, are usually carried by the water

sui)plv Hence it is extremely important to know

where we cret our milk and our water, and to mal

mne that there is no risk of their being supplied t-

us impure. The most strict cleanliness is necessai\

iu dairies and places where milk is handled in order t-

exclude all germs of disease, and unless we are perfectly

sure of its purity the milk should be pasteurized bet or.
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using, especially for childr.;.. To pasteurize milk it

should be heated to 140"^ 1?. and kept at that tempera
ture for twenty minutea It should then be cooled to
45° F., and should remain at that tempt^rature until it
is used. This destroys the germs of diseases such cs
tuberculosis, scariet fever, and diphtheria, which may be
carried by milk.

The water supply of towns is a matter of great im-
portance for health. The water is usually filtered or
purified before it enters the pipes which convey it to
our houses. People who live in the country are often
very careless about their water supply. They may use
water from wells, from streams, or from ponds, and if
impure water is allowed to find its way into these, the
result may bo the appearance of some disease. It is
always a wise plan to boil water ])efore using, unless we
are quite certain that it is pure.

The food which we buy may be pure, and yet we
may allow it to become impure or to " go bad " before
it is used. All vessels into which food is put should
be absolutely clean. Food should never be left lying
exposed to the chance impurities which are always
present in the air or in the d -

^t of our houses. If it is
to be kept for some time it should be put ii:to a cool,
ventilated place, and should l>e kept covered. Other-
wise it is exposed to the germs which float in the air,
and to the pollution of flies.

Many foodstuflJ; "go bad" or begin to decay very
quickly, especially during hot weather. Decay or
decomposition is due to the action of small organisms
which change and split up the sulwtances which the
f«x)d contains. When food decomiK)ses it may have an
'inpleasant smell and a disjigreeable taste. If it is
••iten in this state, it is apt to cause serious illnes.s.
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Food which is liable to decay must be bought in small

quantities from time to time as it is needed, and we

should be careful to see that it is quite fresh and good

before using. During cold weather food can be kept

fresh for a much longer time. Cold prevents the

growth of the germs or small organisms which cause

decay. That is why we find the ice-box so useful for

keeping food in during summer. It has been found

that meat. fish, fruit, and other articles will remain

cood for a long time if they are frozen, and not allowed

to thaw till they are to be used. Ocean steamships are

now fitted up with machinery for freezing, and carry

to Europe large quantiHes of frozen beef from South

America and frozen mutton from New ^ealand. Ihe

heat of the tropics docs not injure it. as it is kept

in cold chambers during the wliole voyage. In large

cities there are cold storage buildings where fruit and

other foodstuffs can be kept good for months This

ia very convenient, as we can have r mmer fruit to

eat in the middle of winter. But although the freezing

keeps it from decay, the flavour is never quito the same

as when we get it fresh from the orchard.



CHAPTER VII

ALCOHOL

When a man is war ted to fill any situation, the
employer must see that the man he selects knows how
to do the work required. If a gardener is wanted,
he chooses a man who has a good knowledge of plants
and of soils ; if a chauffeur, one who knows how to run
and repair an automobile, and so with all kinds of skilled
work. It is not enough, however, that the man should
be a good workman ; he must also be a reliable man.
If you were to ask any one who has a large nimiber
of men in his employment what is the most common
cause of good workmen failing to give satisfaction,
he would almost certainly reply, " Drink." Men who
are applying for work kno^ this also; they know
that one of the best recommendations for a situation
is to be a total abstainer from alcoholic drinks. Let
us try to understand how it is that the use of alcohol
makes a man unreliable and ruins his prospects.

Alcohol is a substance which is prepared from sugar.
Vou already know that sugar is a foodstuff of groat
value to the Ixnly as a pnMJrcer of energy, and you
know that it is made up of carbon, hjlrogen, and
oxygen. If we dissolve some sugar in water, and
a<ld to this a small quantity of yeast, keeping it warm
all the time, a curious change takes place. Yeast
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is a plant organism or germ of a very simple type,

and in the sweet warm linuid it multiplies very rapidly.

The plants act upon the substance of the sucrar, and

some of its carbon and oxygen are set free. This

escapes from the li.iuid in bubbles of carbon dioxide or

carbonic acid gas, which, as you already know, is the

waste gas that is produced by burning and that we

breathe out from the lungs. In the meantime the

m^&r is changed into a new substance, and that is

How the yeast p'ant bwremea in nnmhir8-{l) single plant ; (2) bnds

formitig ; (:5) a chmn of plants.

alcohol. The change which the yeast produces in the

liquid is called fermentation.

Alcohol can be made by fermentation from a great

many different substances, the most common being barley

and other grains, grapes, and potatoes, and from these

many kinds of alcoholic or intoxicating drink are

profluced. Ale or beer is an infusion of malted barley

fermented with yeast to produce alcohol and flavoure.l

with hops ; whisky is a spirit distilled from a similar

infusion of barley, Indian corn, or other grain
;
wine is

the fermented juice of the grape, and brandy is a spirit

distilled from the grape juice. These and other drinks

differ much in the amount of alcoliol ana in tlu

flavouring matters which they contain.

«uch drinks are found in almost every country
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and many people use them in the belief that they
are of great benefit. Let us see first of all what people
say alcohol does. When a man leaves a friend's house
on a cold winter night, he is .sometimes urged to take
a glass of whisky "to keep out the cold." Perhaps
he takes it, and in a few minutes he feels a warm glow
all over his body. But is he n-ally warmer? No.
What has happened is this: the alcohol makes more
blood flow to the skin, and this gives the man a
feeling of warmth. But in the skin the bhxxl is

exposed to the cold air, anfl the result of this is that
the heat of the body is wasted. Instead of keeping
out the cold, therefore, alcohol C(X)ls down the b<xly and
makes us more liable to take a chill. Men who go
on exploring expeditions to the arctic or the anbirctic

regions know this well. They do not take alcohol.

The lumbermen in our forests suffer more from the
winter cold if they use alcohol, and many a man who
uses whisky to "keep out the cold" ends by being
frozen to death.

You may say, then, that since alcohol does not make
the body warmer but rather colder, it ought to be
a useful drink in hot countries. This is not the case,

however. People who live in the tropics know well

that the men who stand the heat best are those who
never touch alcohol. Many a place whose climate
is condemned as "unhealthy" would not get such a
bad name if the men who live there were more careful

to avoid the use of alcohol. It is either useless or

dangerous in a cold country, and very harmful in

a hot one.

People sometimes say that alcohol enables them
to work better, and for a long time this was iM'lieved

to be true. Then scientific men set themselves ty
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inquire whether this is really the case, and to find

out how alcohol affects our working power. One test

that was made was the adding up of long columns

of figures, and it was found that after taking alcohol

the men did this work more slowly and also made

more mistakea Another set of tests was given to men

<4

Tfiia a :"^am shows the comparative amount of imrk don£, in four

days' tests, with alcohol and vnthout.

who were setting up type for printing, and they too

were found to work more quickly and more accurately

without alcohol. Soldiers were tested in rirte-shootin*;,

and they were found to shoot wore quickly and to

make bettor scores without alcohol than when they had

a moderate supply of beer.

The men with whom these tests were made were

rS
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greatly surprised at the results. They all thought that
tliey were working better after they had taken a
little alcohol. So it appears that alcohol not only
prevents a man from doing his best work, but it also
deceives him into thinking that he is doing well when
the results tell another tale.

People often siiy that alcohol is a good thing for
making the brain brighter and clearer. They tell

us of men who are rather dull and stupid at most
times, but who talk brightly and cleverly when they
have drunk a little alcohol. Let us see how this is.

When we come to speak of the brain, you will learn
that the higher parte of the brain control the action

of the lower parte, so that we may take time to think
before we speak, and to judge before we act. But
alcohol affecte the higher parte of the brain first, and
when these are thrown out of order, and do not exer-
cise control over the lower, the man speaks before he
thinks. People who speak without thinking do say
clever things sometimes, but they also say a great
many things that are foolish and ought not to be said.

We have found, then, that the three things claimed
for alcohol are really untrue—it does not keep out the
cold, but rather lets it in; it does not improve one's
working power, but makes it worse; and it does not
give brightness or cleverness to the brain, but takes
away its power of control over what is said. Now let

us see how alcohol really does act on different parts
of the body, so far as experimente can show us.

In a later lesson you will learn many things about
the blood, but we must mention here how it is affected
by alcohol. There are white cells floating about in the
Wood

; their duty is to protect the body. They attack
and destroy disease germs which get into the blood.
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as can be seen with a microscope. But when alcohol

is taken into tlie blood, the white cells become less

active. They no longer attack and destroy the germs

of disease. They have lost their power; they are

paralyzed, as we say, when a person loses the power

of moving his limbs. A drinker of alcohol, therefore,

cannot resist the attacks of disease. He has destroyed

the vigour of the cells which guard his body.

There is a serious disease of the lungs which is

called pneumonia—that is, an inflammation due to the

presence of certain organisms or microbes. Every

doctor knows that a drinker who takes pneumonia

is much more likely to die than one who abstains from

alcohol. It is the same with that terrible disease

tuberculosis. The body of a drinker, in which the

white cells are being poisoned by alcohol, cannot fight

against the genu which causes the disypiie. And not

only is such a man less able to resifct the disease ; he

is also more likely to be infected by it, for the bars and

public-houses where men go to drink are an active

means of spreading such diseases, owing to the bad air

and germ-laden dust Illness generally is more frequent

among those who take alcohol than among abstainers.

The blood contains a vast number of red cells, and

they are also affected by alcohol. Their work is to

carry oxygen to the tissues. But when there is alcohol

in the blood these cells will aot part with their oxygen

so readily. The tissues are not so well supplied with

oxygen, therefore, and their waste matter is not so

compU'tely oxidiiied or burned up. Hence it tends

to remain in the Ixxly and to accumulate, and that ia

Ijow drinkers often become stout. The fat is not

supplied with sufficient oxygen to bum it up and

produce energy in the bo<'y. We have already seen
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that alcohol causes a larger quantity of hlood to be

brought to the skin. This makes the flow of blood

through the body more sluggish and less vigorous.

If we were to go over all the organs and all the

different kinds of tissue in the body, we should find

that alcohol has an injurious or destructive effect upon
every one of them. If you think on the harm done to

the blood alone, and how much the health of every
part of the body depends on it, you will see that it

would make this chapter very long indeed if we were

" Alcohol destroija the. eelh of the brain." I is a healthy rdl ; 2, 3,
and 4 show decay due to alcohol.

Uy go over all the injuries worked by alcohol. We
should have to describe the way in which it injures the
heart, inflames the stomach, hardens the liver, destroys
the kidneys, and ruins the brain.

Instead of doing all this we will try to realize how
alcohol destroys the cells of the brain, as an eminent
I»iidon physician has shown us. The change made in

these cells can easily be seen ; the nucleus or active part
of the cell and the fibres which link the cells together
are alike affected with decay. And the worst of this

poisoning of tlie brain cell is this, that their change
itf'ot.s the man's character and conduct in the most
iMinful way. A truthful man begins to t<3ll lies and to

itceive. A careful person becomes reckless. A shrewd,
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prudent man becomes foolish and careless. An affec-

tionate, kindly man becomes cruel even to those whom

he loves best.

In all our large cities there is an institution for the

care and treatment of those who are insane—that

is, who are no longer capable of takinjj care of them-

selves, or whose "minds are affected," as we say.

Insanity is a disease of the brain. Ask the doctor

Y I'Mr.M. aw iifc «^ '•»»
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TKie diaaram ahowt how the qvantUv of alcohol uatd in tht hoavilals in

London, England, has deenaaed, althovgk the nun^r of beds hi»

intnaaed during the same year:

in charge of such an institution how many of those

people owe their diseased brain to the use of alcohol,

and he will answer, " One out of every five."

Every year something new is being found out aboiit

the action of alcohol, and the more that we find

out the more do doctors condemn its use. In our bet-t

hospitals it is never used as an article of diet, but only

as a drug, and even for such purposes it is nmcli

less used than it was a few years ago.

There is another danger in the use of alcohol i<'

drinks which we have not mentioned. Many of them

. iU
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are not pure, but are mixed with substances which are
as harmful as alcohol, or which have even worse
effects upon the body. They are

added to alcoholic drinks in order

to cheapen their manufacture,

and to give a bigger profit to the

man who makes and sells such
drinks.

Thus far we have been con-

sidering alcohol from the doctors*

point of view, and learning how
its use affects the health of the

body. Let us now look at it

from another point of view, and
see what business men have to

tell u& The chief question a
business man has to consider about
anything is, " Does it pay ? " Let
us see, then, how the use of alcohol

is found to pay.

You know that most prudent
men insure their lives—that is,

the man agrees to pay to a life

insurance company a certain sum
of money every year, and in return ^ _
for this the company agrees to '

.
*^—^

—

pay to the man s relatives a dtoA-rau of teetotaUra

certain sum— say, a thousand *"^ ofjaioon keepers

dollars— when he diea Even leUk the^'mtTlf^ikt
if the man dies after paying general population.

only one or two yearly prefniums, the company pays
the thousand dollars, but in this case they lose

on the transaction. On the other hand, if the man
lives longer than the company had expected, they will

U* •
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gain by the larger number of annual payments. In-

surance companies have made very careful calculations,

therefore, of how long a man is likely to live. They

have also tried to find out what classes of people

live longest, for you can see that a man who is likely

to live long ought to be able to insure a thousand

dollars for a smaller yearly payment than one who
is likely to die at an earlier age. As a result of their

inquiries and calculations, life insurance -companies

now insure total abstainers at a lower rate than others,

because they find it clearly proved that such men live

longer. In this matter, therefore, we see that it does

not pay to use alcohol.

Railway companies have also to consider what pays

and what does not, and they have learned that the use

of alcohol is on of the things that do not pay. Of

course, it would never do to have a train in charge

of a man who is occasionally " the worse of drink,"

as we say ; it might lead to the most disastrous acci-

dents. Any man who is known to drink too much is,

therefore, liable to be dismissed. But many railway

managers go farther than this. Even a moderate

quantity of alcohol has effects upon the body which

the man is not aware of, as we saw in the case of

the tests in rifle-shooting and type-settinrj, and wc
know that men who are training for an athletic

contest give up the use of alcohol in order to have

their muscles and nerves in the best condition. Now,

in railway work, and in many other kinds of work

as well, an emergency often happens when a man must

make some sudden effort of strength or skill, or take

some sudden decision. And the power of the man
to do this may depend on whether his brain and his

muscles are at their best, or whether they have been
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put slightly out of order by what he would call a
harmless glass of beer. The man may be just half
a second too late in deciding what to do, or his
accuracy and quickness of hand and eye may be a little

below what he expects, and so an accident happens
which would otherwise have been avoided. We can
quite understand, therefore, why some railway companies
and other employera of labour should find that it

"pays" to employ none but abstainers in certain
responsible positions.

In all our large towns and cities w^e find men who fail

in life. Some of them seem unable to earn an honest
living in any kind of work. They sink gradually into
poverty, and find shelter in some of those terrible
"slums" which are found, like disease spots, in all

our great citiea Some of them give up the attempt
to live honestly, and prey upon society by stealing
or other forms of crime. If we ask any missionary
who is working in the slums of our cities what is

the chief cause of their poverty and misery, he will
answer, "Drink." If we ask the governor of the
prison what is the chief cause of men turning to crime,
he will answer, " Drink."

You may ask why men go on taking alcohol if

all these things which we have said can be proved
against it. One reason is that many people are ignorant
of the real effects of this poison, and another reason
is that when one forms the habit of taking alcohol and
gets a taste for it, he finds it very hard to give up the
habit. The craving for the stimulus of alcohol is often
too strong for a man to resist, altnough he may know
quite well the harm it is doing him; that is what
makes a man a drunkard. Now it is certain that
no one really wants to become a drunkarfl, and to have
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his health, his mind, and his career in life ruined. Yet
a large number of men, and of women too, actually

become the slaves of drink. There is a danger here

which young people must beware of, and luckily there

is a sure way of avoiding the danger. The only

absolute safeguard c'gainst all those evils which we
have been considering, is just the simple plan of never

touching alcohol.

il



CHAPTER VIII

DIGESTION 1

Chemists have shown tlia*^^ foodstuffs are built up of

four elements—carbon, hydrogen, oxygen, and nitrogen.

Chemists study the elements of which substances are

made, and also how a substance may be changed into

something quite different by adding some new element
or taking away something which it contains. Thus chalk

can be changed into a different substance by pouring
over it an acid, part of which joins itself to the sub-

stance of the chalk ; it can also be changed by great

heat. You may have seen a workman pour water over
a heap of quicklime. Soon steam rises from it, and the

pieces of lime split up and crumble down into a white
powder; the lime has been changed into a new sub-

stance. Burning or combustion, as we have seen, is a
change of a similar kind ; the carbon of the fuel joins

with the oxygen of the air, and a new substance,

Ciiibon dioxide, is produced. Many chemical changes
of this kind are used in manufactures. In glass-

making, soap-making, and brewing, new substances
are product 1 by chemical clianges.

The workroom of a chemist is called a laboratory.

Ptrhaps you have been in a chemical laboratory, and
liiive seen the benches or tables for working on, the gas-

liuvners for heating, and the rows of bottles containing

?..
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96 Digestion

the different liquids which the chemist may need to mix
with any substance which he is examining.

Digeatimi consists in a series of chemical changes

which prepare our food for nourishing the body, and

these changes are caused by certain liquids being

poured into the food. There are three places in the

body where those liquids are prepared by groups of

glands, and where the food

is changed by being mixed

with them. These " chemical

laboratories," as we might

call them, are the 'mouth,

the stomach, and the in-

testine. The heat required

for these changes is sup-

plied by the general
warmth of the body. We
shall understand best the

changes which take place

during digestion if we
„ ^, .., , , , „ . examine that process stage
Mouth, mth aalxvary glands. Note

, ... , ,

the three glands—(I) in front of by stage, begmnmg With

(55 r^^l^S^S"
'""'• ""^ °"'* ^^^^S the food into

the mouth.

In the mouth the food is chewed by the teeth. Th(^

front teeth are formed for cutting or biting the food,

and the side and back teeth for grinding it. Thus the

food is divided into small pieces, and at the same time

it is thoroughly mixed with the first of those fluids

which we have mentioned as changing the substance of

the food. This fluid is called the saliva. It comes

from certain glands or bag-shaped structures, calle<!

salivary glands, whose walls are built up of the cells

which produce the fluid, and these glands have opening
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or ducts leading into the mouth, through which the fluid
IS poured out; One of these ducts opens above the
upper teeth, and the others below the tongue.
The effect of the saliva upon the food is to change

the starch into sugar. If we take a piece of bread
which contains a good deal of starch, and chew it for
some time, we find that after a little while it begins to
taste somewhat sweet; its starch has been changed into

Viiiiii'ii ^ ^ V r ; /
The digestive glands are of two types-(A) simjieJtvh'e4ike. and

(il) compound or branching.

sugar by the saliva. This change is brought about by
a process which is called fermentation. In the chapter
dealing with alcohol you learned that sugar is fermented
or changed mto alcohol by the action of a small livinc.
plant called yea.st. The ferments which act upon the
ood m the body are not living ferments like yeast, so
ar as we know at present. They resemble yeast in
this respect, however, that a small quantity of the fluid
can ferment or act upon a large quantity of food
I'mterial. In the case of the saliva, as we have said,
the terment acts upon the starch in the food and con-
Verts if. irif/~> a^tr^ar•Verts it into sugar.

0.781)
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Durinfj the first few months of a baby's life, the

naliva in its mouth contains very little ferment, and

that is the reason why young babies should not get

starchy foods such as bread.

When we speak of scjinething which is very delight-

ful and appetizing, we sometimes say, " It makes my
mouth water," and this may be literally true. When

the sensations of sight tell of food that looks extremely

desirable, and the sensations of smell proclaim its

fragrance, the glands of the mouth prepare for its

reception by pouring out a supply of saliva. The saliva

is necessary to enable us to chew and to swallow our

food ; when there is a want of saliva, as in fever, the

mouth feels dry, and solid food cannot be eaten with

any pleasure.

On the tongue there are certain nerve structures

which give us the sense of taste when the food comes

in contact with them. If food tastes bad, we feel we

cannot swallow it. To some extent, then, taste helps us

to select our food, but taste is not always a safe guide.

Some things which have a very pleasant taste are not good

for the body, and others are helpful although their tasti;

is unpleasant. Kich or sweet foods, for example, taste

very good, but they soon upset the process of digestion
;

while oatmeal porridge, although an excellent food, is

much less attractive to the taste. On the whole, how-

ever, if we accustom ourselves to plain, wholesome food,

and do not let our taste nerves fall into bad habits, wti

come to enjoy the taste of simple food more than that

of luxurious but less nourishing dishes.

Before the food is swallowed, it should be so well

chewed and mixed with saliva that it is soft and pulpy.

This process of chewing or mastication cannot bo rightly

done unless the teeth are good, and defects in the teeiii

i: ','
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are a very common cause of indigestion. When the
food reaches the back of the mouth it is swallowed, and
that is the last step in the process of digestion of which
we are conscious, if we are

in perfect health.

The fcx)d, however, con-

tinues on its way towards
complete digestion, passing

down a tube called the

gullet into the stomach,

the second of the chemical

lalwratories of which we
spoke. The stomach is a
bag with muscular walls,

and in these walls are

certain glands which pre-

pare the second of the

digestive fluids. The con-

traction of the muscles in

the walls of the stomach
keeps the food moving
about, so that it is

churned and mixed with
the fluid.

This digestive fluid con-

tains two ferments, which
act upon two different

kinds of food material.

One of them acts upon the

This diagram shows a general plan of
the digestive system. Note the
salivary gland (S), guUet (G),
stomach (St), pancreas (P), liver
(L), smaU intestine (S.I.), and
large intestine (L.I.).

materials which contain
nitrogen, or proteins as we have called them. The
protein is split up by this ferment and a simpler
ubstance is formed from it which can be taken up
nid made use of by the body.

The second of the stomach ferments is one which
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curdles milk. You know how we curdle milk in order

to make junket, which ia always a favourite dish in hot

weather. We w^arra the milk and stir into it a small

quantity of a sub-

stance called ren-

net, and then allow

it to stand until

the milk turns into

a soft white curd.

This is exactly

what happens in

the stomach. Some
of the cells pour

out a substance

called rennin,
which is almost

the milk in the

The stomach. Note the direction of the muade
fibres in its varioiu coats.

the same as rennet, and by it

stomach is curdled. The stomach acts best when the

pieces of curd are small. That is why children should

drink milk slowly; the stomach can then form curd

from it in small pieces.

But, you may ask, how do we know what goes on

in the stomach ? We are quite unconscious of all these

things which are being described : how have they been

found out ? One of the most remarkable ways in

which the stomach has been studied was in the case

of a man named St. Martin, He was a Canadian,

employed in the fur trade, and he was badly wounded

by the accidental discharge of a gun. £d severe wus

the wound that an opening was made in the wall of the

stomach, and thus it was possible to see what went on

there. The changes which took place from time to

time were carefully studied by a doctor, whose servant

St. Martin had become.

I I 1
i
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Almost immediately after a meal the stomach begins
to pass on the food for further change to tlio next
part of the digestive tract. During this period the
muscles of the stomach are in constant movement, and
their contraction changes the shape of the stomach
from time to time. The starch in the food has now
been turned into sugar, the protein has been changed
into a simpler substance, and the milk has been curdled.

From the stomach the food passes to

the next of the chemical laboratories,

as we called the places where chemical

changes take place during digestion.

This laboratory is called the intestine.

The intestine is a very long tube
consisting of two portions—the small

intestine, which is about twenty feet in

length, followed by the large intestine,

which is about six feet long. The
lining of the small intestine is covered
with tiny finger-like projections which
give the surface a velvevy appearance.

The walls of the intestine contain gland
cells similar to those of the mouth and A ^nd from the

of the stomach. They also contain J^T""''**
inuscular fibres, by the action of

which the food is stirred up and mixed as it was
in the stomach, and is kept moving steadily

onward through the tube. While in the intestine,

the food is also mixed with a digestive juice from
a large gland called the jxiticreas, and with bile from
the liver.

The juice sent by the pancreas into the intestine
I'* one of the mast important of tlie digestive fluids.

It contains three ferments—one which converts starch
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into sugar, another which acts upon fat and prepares

it for being used by the body, and a third which

changes protein into a simpler substance. The fluid

from the walls of the intestine helps the action of the

Juice from the pancreas. 'o you see that in the

intestine the three substa. ,. which form our foo<l

are completely digested—the carbonaceous parts, the

nitrogenous parts, and the fats—and the food is now

>»j—11

Vtili from the inner wall of the gnwU intestine, etwrmoudy inagnified, Lt

ahoto the Uood-veaada (B} and {at tubea (A).

ready to be taken in or absorbed by the various tissues

of the body.

Each of the finger-like projections which we havo

mentioned on the surface of the intestine is called a

viUiis ; it is well supplied with blood, and the digested

protein and sugar pass directly through the thin wall

of the villus into the blood. The digested fat is taken

up by special tubes, very fine and small, which unite

to form a large tube, and by this tube the fat is

carried up to a large vein in the neck, where it is

poured into the blood. Thus the digested nitrogenous
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and carbonaceous materials pass directly into the
blood, and the fats indirectly.

But all that wo eat is not digested and taken up
into the blood as nourishmont. If the food is very
unsuitable for the body, or if it is eaten too hastily,
it may be ejected at once from the body by means of
vomiting. Most of our foorl contains some parts which
cannot be digested. All this waste matter from the
f(K)d, together with a certain amount of fluid, is
passed on to the large intestine, and thus leaves the
body.

When you read of all those wonderful chemical
changes which take place 'n the laboratories of the
body, and all the processes by which the nourishment
is carried to every part of it, you may say, " Well, all
these things go on without my knowledge, and they
are beyond my control. If I have a good digestion, so
much the better ; but if I have a poor one, I can't help
it." There are many ways, however, in which we can
help our digestion. It will certainly do no good to be
always thinking about what we eat and how we are
likely to feel if it does not digest well; people who
keep their minds turned to such matters as these are
always miserable. But there are good and bad habits
as regards eating, and .ve ought to take care that
our habits are good ones. When we have done that,
we can do no more, and our best plan is to forget
that we have a stomach at all.

You already know that your "mouth waters" at
tlie prospect of enjoying some favourite dish. So do
the other digestive glands in the body; they seem to
anticipate and prepare for the meal by getting ready
tlic fluids which will be required. The sight of clean,
appetizing food served in a neat and attractive fashion

i; :
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sets tho digestive glands in action. The usual prepara-

tions for a meal have the same effect. Washing the hands,

brushing the hair, and tidying the clothes before sitting

down to table are all of a certain value in promoting

digestion. The opposite effect is produced by food

that looks unpleasant, by soiled tablecloths and dishes

ot doubtful cleanliness. One way in which we can

help the digestive process in our bodies, then, is by

having our food properly served and by being clean

and tidy at meals.

Another thing which helps the work of digestion is

regularity. The digestive glands get into the habit of

being ready for food at certain times, and the feeling of

hunger is a signal to us that they are ready. The

more regular our meal-times, fhe better will our

digestive organs work.

Again, it has been found that if an animal is teased

and made angry, the stomach movements of which we
have spoken become slower and fainter, and finally

c^ase. This explains how it is that any strong feeling,

such as grief or anger or excitement, causes a loss of

appetite. This gives us a hint that it is well for the

sake of health to cultivate a quiet mind at all times,

and particularly not to choose meal-times for talking

or thinking of disagreeable subjects.

I« is of course necessary that food be plain and whole-

some if the digestion is to be good. Experiments show

that the digestive glands get into the habit of producing

the juices suitable for the food we eat. If a meal con-

sisting chiefly of bread and butter, for example, is in tlic

stomach, the pancreas gets ready to supply the flui<i

recjuired for starches and fats, while the presence oi

meat in the stoma<!h causes tho pancreas to prepare th'

special ferment for protein. If our food is wholesomi
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and digestible, the digestive glands are ready to do
their work on it.

A healthy life usually produces a good appetite, and
when we have a good appetite we are likely to have a
good digestion. Hence digestion is aided by our having
plenty of fresh air, plenty of work and exercise, and
sufficient rest

Digestion is greatly assisted by good mastication,

and it is, therefore, of great importance that the teeth

should be well cared for. When the teeth are bad,

pieces of decayed matter get mixed up with the food

and pass into the stomach, acting as a kind of • poison.

When many teeth are lost, the food cannot be properly

chewed, and it is not sufficiently broken up for the

digestive juices to reach all parts of it. Artificial teeth

are of great use when necessary, but they are never so

good as the natural ones.

Active exercise or work immediately after a meal
hinders digestion. A large amount of blood requires to

flow through the walls of the food canal while digestion

is going on, and chis cannot be supplied if at the same
time blood is being sent through the muscles for their

exercise. There is an old saying, "After dinner rest

awhile," and the advice is quite sound.

One habit is of very great importance, and that is

regularity in getting rid of the waste matter from the

intestine every day. If the food waste is allowed to

remain in the body, bad health is sure to follow. In

this, as in all matters connected with the healthy action

of the body, the habit of regularity is most valuable.



CHAPTER IX

DIGESTION II

We have already traced the digestion of food until the

nourishing parts of it aie absorbed through the wall

of the intestine. We saw that the nitrogenous matter

and the sugar (which now includes the digested starch)

are passed directly into the blood. The fat, as we have
seen, flows into special tubes, and is taken by these to a

large vein in tlie neck, where it is also poured into the

blood.

The material which is not digested is passed down
the bowel. We must not suppose, however, that be-

cause this material cannot be digested it is therefore

of no use in the body. In tlie intestine the food is

moved about and passed onward while the nourishment
is being absorbed from it. Tliis work is carried on by
the contraction of the muscular fibres in the wall of

the intestine,* and it is most easily done when the food

has some bulk and can thus be laid hold of by the

muscular contractions.

Sometimes people joke about how we shall take our

food in the future. They tell us that by-and-by
chemists will be able to compress all the nourishment
we require into the form of pills to swallow, and thrt

there will be no need to waste time in cooking and
eating our meals. But you can now see that even if

'I ':i
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we had such pilis, they would not serve all tlie needs

of the body. Our food must have a certain bulk in

order that the contractions

of the intestine may be

able to mix up and move

about the whole mass, so

that it may be thoroughly

digested and have its

nourishment absorbed.

The waste matter is

moved along the bowel by

the contraction of the

muscles in its wall, but

these muscles do not act

well unless they are used

regularly. Their action

also depends upon the

general health being good.

Regularity and plenty of

exercise and fresh air are the things most necessary to

keep the intestinal muscles in good condition. If the

waste matter is not expelled from the body daily,

it decomposes, and poisons are produced within the

body which cause discomfort, headache, and a general

feeling of ill-health. A doctor who had charge of an

institution containing some hundreds of young peopl«'

used to say that he would have little or no work to

do if they would attend to two things ; these things

were, first, the care of the teeth, and, second, the daih

removal of waste from the bowel.

If the muncles of the bowel have been allowed to

become sluggish and do not act well, many people adopt

the very foolish plan of taking medicine constantlj.

Now medicine is useful on an occasion, but it is u

Fat ducts la ding from Ihs toall

of th e intestine.
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bad practice to take medicine frequently unless it is

required for some special reason. The muscles get
into the habit of waiting for the stimulus of the
medicine, and they become less able to act without it.

The right thing to do is to practise regularity, to lead

a life of more active movement, and to drink plenty
of water. It is important also to eat food which con-
tains a certain amount of bulky material or " ballast

"

as well as nourishment, such as fruit, vegetables,

porridge, and brown bread.

Let us now see what happens to the digested

materials which have been absorbed from the food.

The fat, as we have said, is mixed with the blood by being
poured into a large vein in the neck. It is carried by
the blood to the tissues throughout the body, and in these

it is bur ed up, or combined with oxygen, to produce
energy f id heat. What is not used in this way is

stored up as fatty tissue under the skin. Waste matters
are produced as the fat

thus performs its work
and is consumed. These

waste materials are

carbon dioxide and
water, which are carried

by the blood to the

lungs and thus got rid

of by the body.

The sugar is carried

by the blood to the

Jirer. This organ is

really a large gland, the

liivgest in the body, and
IS situated on the right side underneath the lungs,
tiom which it is separated by the large muscular mem-

Fatti/ tissue.

Note the /at cells (dotted).
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brane called the diaphragm. In the liver the sugat-

is stored up, being changed into a new substance which

we call glycogen, and this glycogen is given out again

to the blood as it is required. The glycogen is changed

back into sugar, and in the tissues it is burned up,

giving energy and heat, and forming carbon dioxide

and water as waste products. If an animal is being

starved or insufficiently fed, the liver passes out a

supply of glycogen to the tissues. It does the same

when hard exercise is

being taken. Animals

which sleep during the

winter, such as the

bear or the frog, rely

upon their stored-up

glycogen as well as

upon their fat to

supply them with

warmth and nourish-

ment. Before they

begin their winter

sleep, the liver has a large store of glycogen; by the

time that spring comes, this has all been given out to

the tissues, and the liver cells have quite exhausted

their store.

The li^'er has other functions to serve besides storinfj

up sugar: it breaks down nitrogenous matter and

prepares it for being acted on by the kidneys; it

also produces a fluid called hile, which it pours into thr

intestine. Bile helps in the work of digestion, an<l

also carries with it waste matter to be expelled from

the body. When the liver is overtaxed some of this

waste matter finds its way into the blood and causis

discomfort or illness. A disordered liver gives rise tn

Under side of liver. Note the gall-bladder

(G) and Uood-veaada.
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such symptoms as drowsiness, headache, irritability of

temper, and a feeling of depression. A sad or gloomy

feeling is called " melancholy
;

" the word melancholy

really means black bile, and was originally used to

describe the low spirits protluced by biliousnesa We
now use it for low spirits due

to any cause, especially to

disease of the brain.

We have next to see what

becomes of the protein after

it is absorbed. It is taken

up from the intestine as a

simple substance called pep-

tone, and, as we have seen, it

passes directly into the blood.

In this way it reaches the

tissues, and provides material

for growth and for repair.

The waste products, which

are due to the breaking down
of nitrogenous tissue, are very The kidneys, conveying waste

complex chemical substances. ZZ'I^er^)^''^''''
These products are removed

from the blood by the kidneys, chiefly in the form of

a substance called urea.

The kidneys are two in number, one towards the

light and the other towards the left side of the body

;

and they are richly supplied with blood. The kidneys

remove the waste nitrogenous matter from the blood,

and they also remove from it waste mineral salts and

water. From each kidney a tube ccjuveys waste

matter to the bladder, the muscular organ which expels

the waste from the body. When too nmeh food is

taken, the cells of the kidneys are often overtaxed

,« , »'
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in their attempt to get rid of the excessive waste. In

hot weather, when the skin perspires freely, the amount

of water passed by the kidneys is less than it is in cold

weather, when the sweat glands of the skin are less

active.

The skin has an important work to do in ridding

the body of waste or used-up materiala This work is

done by special groups of cells which form the sweat

glands. They are extremely

numerous, and it has been cal-

culated that if these tiny glands

were all stretched out and arranged

in a straight line they would ex-

tend to a distance of eight miles,'

Sweat consists almost entirely ol

water, bt\t there is a small amount

of carbon dioxide and salt present

in it. Sweat is always being

formed by the sweat glanda When
the amount is so small that it

evaporates without wetting the

skin, it is called " insensible

"

perspiration; it is said to bt;

" sensible " or appreciable when it can be seen in the

form of water on the skin. Over a pint of water is

lost from the skin in this way every day. The

sweat glands are controlled by the nervous system.

A feeling of excitement often makes the skin feel damp
by increasing the action of these glanda

Although the sweat is one of the means by whicli

waste matter is removed from the body, this does not

seem to be the most important function of perspiration.

Its chief use seems to be to regulate the loss of heat

from the body: when much sweat is produced, tin;

Sweat glanda in the skin.

Note the spiral ducts

passing to the surface.
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surface of the Ixjdy is cooled down by the moisture

being turned into vapour.

We have now considered the various ways in which

the matter which enters the body in the form of food

is removed as waste, after having served its purpose

ill building up tissues and producing energy and heat.

Carbon, we have seen, leaves in the form of carbon

dioxide or cjirbonic acid gas, chiefly by the lungs, but

partly by the sweat glanda Nitrogen is removed

chiefly by the action of the kidneya Salts pass off

tlirough the action of the kidneys and also of the sweat

fjlands. Water leaves the body by all these means

—

ill the breath from the lungs, through the sweat glands,

from the kidneys, and also by the bowel, along with

the indigestible parts of the food.

It is interesting to note that these waste materials

are not entirely useless ; some of them, in being re-

iiKjved, do useful work for the body. A certain

amount of heat is produced in their removal, which is

of use. The impure air which comes from the lungs

is utilized in producing the voice and the power of

s{)eech. The perspiration not only removes waste but

regulates the heat of the body. The kidneys are sup-

posed to have an important effect on the well-being

of the body as well as serving to remove waste. Even
the indigestible parts of food, if not too great in amount,

are useful as " ballast," and help the intestine in its

work upon the digestible parts.

Before we leave the subject of food and nourishment,

v.e may notice how plants and animals work together

ill this matter, and depend upon each other for their

food supply. Plants are used as food by animals,

:md the waste material from the animals goes to

flourish and build up the plants. In this way certain

a.79i) 7
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chemical substances are kept circulating between th«»

animal and the vegetable kingdom, going from plant

to animal, and back again from animal to plant.

Carbon, for example, is taken into the animal body

in various forms, as fats, starches, and sugars. After

being burned up or combined with oxygon in the bofly

it forms carbon dioxide, and is breathed out from the

lungs, accompanied by water vapour. Plants as well

as animals bi^eathe, but they breathe in carbon dioxide

Carbon
(Carbon dioxid^

(Nitrates)

Carbon and nitrogen circulate between the world of 'pLarUx and the

world of animals.

and water vapour. Plants, therefore, take in as nour-

ishment what animals reject as waste. The plants

build these substances into their tissues, storing up the

carbon, oxygen, and hydrogen in the form of stare) i,

sugar, and other materials. Man and other animals,

again, feed on the plants, and get energy and heat from

their starch and sugar ; and when these have been

thus reduced to carlwn dioxide and water vapour again,

they will once more be taken up by the plant worM

to begin a new cycle.

Let us now see what happens to nitrogen, the cliiif

material used in building up the tissues of the body,

which is supplied to it in the form of protein. Tiio

il 1 : :
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waflte nitrogen, as we have seen, is removed from thn

blood by means of the kidneya This waste matter is

called urea, and it finds its way back to the soil.

There it is acted upon by certain kinds of microbes, or

fermented, as we may say, and is broken up into

Hiiiipler substances.

We have seen that the human body cannot take

up pure nitrogen; it can only make use of it when

in the form of protein. For plants also there is only

one form in which nitrogen is available, and that is

in the form of nitrates. The conversion of nitrogen

into nitrates is the work of these small organisms

in the soil. These substances are then laid hold of

l)y the roots of plants, and are taken up into their

substance, along with a supply of water. In the plant

the nitrogen is built up into stable protein, such as

we find in peas and in wheat nd other grains. This

vegetable protein may then become the food of man
directly. It may be eaten by animals, such as sheep

or bullocks, and formed into animal proteins, and thus

it becomes human food indirectly. So the nitrogen

goes on circulating from animals, through the soil and

its small organisms to food plants, and from these

plants back to man, either directly or through the

medium of the anin^als whose flesh is used as part

of our diet.
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CHAPTER X

THE TEETH

A BUSINESS man onco advertised for two apprentices,

a boy and a girl, for different departments of his bnsi-

ness. A large number of boys and girls applied, and

a few of those who seemed to bo the best on the list

were selected and sent in to the manager. All hiul

good certificates from their 8chot>ls; they were neatly

dressed and had good manners. How was the mana<,'i r

to decide which boy and which girl to employ? lie

decided to take those who had the best teeth. Only

one of the boys and one of the girls had a good set;

their teeth were white and regular, and showed no signs

of decay. In most of the others some teeth were miss-

ing, or the teeth which they had were yellow in colour,

and had dark spots here and there which showed the

presence of decay.

Why do you suppose the manager chose the boy

and the girl with the best teeth ? One reason was tli it

he wished to have apprentices who took some inter* st

and pride in their personal appearance. Fe knew tli it

boys ai- i girls who are careless regarding their tec'li

are likely to be careless in other things as well. V>nt

there was another reason for his choice. Young peo]'k'

who have bad teeth are likely to sufTer from toot'i-

ache, indigestion, and bloodlessness, and may oft n

![
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h' unable to utteuJ to thuir work ou account of their

iiilmcntH.

During the great war in 8outh Africa, when so

many Cana^lians went to fight for the Empire there,

Olio young man wa8 greatly disappointed because the

medical officers would not admit him into the army.

'11 10 reason was that his teeth were not good. " But

I do not want to eat the enemy," ho protested. He
was refused, however, and

a great many others were

refused for the same reason.

Every year a largo numlxjr

of young men who want
^' be soldiers are unable

xt enter the army l)ecause

they ha\ 3 bad teeth. Good

tt'eth are necessary in order r'

tliat the food may be pro- /
'

perly chewed and prepared

for being digested. Other-

wise we do not get the

nourishment from our food

wliich we re(juire. This is specially necessary for

soldiers. They have often to put up with coarse and

jMKirly-eooked food when they are in the field, and yet

tlicy must be well nourished and strong. A man with

(infective teeth cannot keep fit and efficient as a soldier.

All trouble of this kind can be prevented if we
iitfend to the teeth in early life. In order to under-

^^tand how this should be done, we must kr iw what

tlie teeth are, how they grow, what enem s attack

t'lem, and how they can be protected against these.

For tliPi first seven or eight months of its life a baby

has no teeth that we cau see. There are teeth hidden

J good set of teeth : a picture of a
Spanim boy by MurUlo.
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in the gums, however, and a-^^ the baby grows older they

begin to appear one by one, cutting their way through

the skin. By the time that two and a half years liavc

passed they have all come through, and the child has

twenty teetk

A baby's teeth are small and white. If you look

at them you will see that they are not all of the same

shape. The four front teeth in each jaw are callcil

incisors. They have a sharp edge for biting or nib-

bling with. Next to these, on each side, comes a sharp

pointed tooth; if it were big enough it would be like

a dog's tooth, and we call it a canine or dog tooth.

It is useful for tearing through any tough substance

such as meat. After the canine teeth come the grind-

ing teeth or onolars. They are broad and flat on the

top, and are meant for crushing and grinding down the

food. Each kind of tooth has its own work to do,

and if they are to be strong and healthy we must sec

that the child's food is such as to give them plenty of

work of the right kind.

The first set of teeth are called milh teeth or tem-

porary teeth. They last only for a few years, until the

permanent teeth grow. Some people think that as

these teeth are going to come ouh soon, there i; no

need to trouble about cleaning them. This is a great

mistake. A child's teeth should be cared for from the

time when the first tooth appears. We could hardly

brush a baby's first tooth with an ordinary tooth-

brush, but it should be wiped with a bit of clean

soft rag, which ia afterwards burnt. Quite youiii,'

children, however, should have their teeth regularly

brushed with a soft brush, and they soon learn to <1')

this for themselvea

When a child is six or seven years old the pernv:-



The Teeth 119

nent teeth begin to appear. There ia one very im-

portant thing to notice about the appearance of these

:

the first new permanent tooth to appear is the one

which comes behind all the baby teeth, on each side of

each jaw. Very few people seem to know this, and these

four teeth are often allowed to decay through want

of care. But if these teeth become diseased and have

UPPER JAW

LOWER JAW
The teeth in one aide of the upper and the lower jaw, showing the incisors (I),

mnines (C), and grinding teeth—(P), pre-vtolars or bicuspid, and (M),

molar8\.

to be extracted, no others will ever come iu theii

place.

After these new teeth have appeared above the

j,Mims, the front teeth, or incisors, fall out, and naw

and stronger ones come in their place. Gradually all

tlio milk teeth come out and are replaced by permanent

ones ; and some additional new teeth also appear at the

hnck of each row, so that a child of twelve or thirteen

yi'xrs of age has twenty-eight teeth, four more teeth

appoar much later—usually about the eighteenth year

and un this account they are called the "wisdom

i
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teeth." The full set of teeth of a ^own-up person

thus numbers tl irty-two—sixteen in each jaw.

From this short description you see that the teetli

come in a definite order and at certain definite ages.

So regular is the time of their appearance that our

can tell the age of a child by looking at his teeth.

It is the same with the lower

animals. That is how a horse-

dealer knows tlie age of a horse.

You may have heard the old pro-

verb, "Do not look a ,ift horse

in the mouth." Have you ever

wondered v.iiat that means ? The

literal meaning is that if you

receive a present of a horse, you

should not try to find out whether

it is young or old — that is,

whether it is worth much money

or not. The proverb really tells

"shawing'thehfirdoiUer US that We should not judge the

layers and the inner
^^^.^j^ ^^j ^^ present by its moueV

value.

If you were to stop the first hundred grown-up

people you meet, and ask them how many teeth tlie\'

have, you would be surprised to find how few ha\e

the whole set of thirty-two complete. Doctors have

sometimes to examine the teeth of people who apply

for certain situations, and one doctor who has examin( 1

hundreds of young men and women for this purp{)^•

tells us that he often finds as many as ninety-nine ovx

of every hundred with at least one tooth missing (
.'

decayed; a large number have several teeth missiiij.

How is it that so many people lose some of tlui:

teeth ?

A molar tooth in section.
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To understand this, you must first learn something

aljout the structure of a tootli. Eacli tooth consists

of three parts—the crown, which is the part above

the gum ; the neck, wliere it passes into the gum ; and
the fang, which is the part fixed in the gum. Running
up the inside of the tooth is a vsmall canal containing

hlood-vessels and nerves. The tooth itself is composed

of a hard substance called dentine, and the outside of

it is covered with the enamel, a white substance which
is much harder even than

hone.

The function of the teeth

is to cut up and grind the

fdod into small pieces, and

thus to prepare it for diges-

tion before it passes into

the stomach. Particles c
"

the food often get into the

spaces between the teeth

;ind remain there. A great

number of small organisms

or germs find their way into

the mcuth, and they lodge in these food particles and

cause them to ferment or decay. When this takes

l)lace, "-ertain chemical substances called acids are

l)roduced. These acids corrode the teeth, burning

<ir eating their way through the enamel and then

tlirough the dentine. When at last they reach the

iwrve of the tooth, a severe pain is felt which we
rail toothache, and the tooth may have to be extracted,

Of it may crumble away.

When a hollow has thus been made in one tooth,

the germs lodge there and increase in numbers. Tluy
'lieu spread to the other teeth, and so the sound teeth

How td'th decay. The first tooth

is sound, the second has a hoi-

low in the crown, and in the th ird

decay has reached the nerve,

and a ixiinjtd abscess formed in

the gum.
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art' infectcfl with decay. The condition of thn moutli

ijcts wor.so and worse until all the teeth may be ruined.

This may seem a dreadful picture, but it is only what

is happenint; to thousands of people who do not take

care of their teeth.

The teeth of savaj^'e peoples are generally better than

ours. Their food is usually harder and coarser, and

the chewinir of such food cleans the teeth. Children,

and grown-up people too, in civilized countries eat soft

food which does not need to l)e chewed, and so the

teeth are not sufficiently ased. Soft food is also more

apt to remain between the teeth than hard food.

Now that you know how !• >;ay is produced in the

teeth, you will be able to unJerstand the reason for

the simple rules which ought to be observed in order to

protect them from harm and to keep them in good

condition.

The first important rule is this: Do not eat soft

food only. Toast, the crust of bread, and apples are

excellent for the teeth. They give exercise in chewing,

and they also clean the teeth.

The second rule to be observed is this: Before

going to bed, and again after rising in the morning,

brush your teeth with lukewarm water, using al.s(>

tooth powder or paste. Expensive tooth powders are

Mot necessary ; many simple and cheap kinds are quite

as good. These powders or pastes contain substances

which destroy the acids formed by th'^ decay of food

particles, and j)i-event their corroding the teeth. It is

not enough to brush aero ,s the teeth ; the upper teetli

should also be brushed downwards and the lower tectli

upwards from the gum. The inner sides of the teetli

and tin- crown of the grinding teeth must also I-

carefully cleaned.
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It is most important that the teeth should be

cleaned at night, as otlierwise particles of food will

remain between the teeth (hiring the long hour of

sleep. Sugar is bad for the teeth because a very

" Brush your tedh " (p. 12-2)—tooth-brush drill at the " Forest

School," Toronto.

destructive acid is produced from it. Sweets should,

tlierefore, never be eaten at night. Another common

l^ractice which is bad for the teeth is to eat bread

soaked in milk for supper. This makes a very good

supper for children, but for the sake of their teeth it

siiouid be followed by a piece o£ bread crust or toast.
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Sometimes the teeth overlap in such a way that

it is impossible to clean the space between them with

a brush. In this case they can be cleaned by passing

a thread between them. A special kind of thread, called

" dental silk floss," is made for this purpose.

By following these rules you will keep your teeth

clean, and they will not be likely to decay readily. But

whenever a dark speck appears on one of them, you

should visit a dentist. He will remove the decayed

part and fill the cavity with some hard substance, so

that the decay may spread no farther. It is a wise

plan to visit a dentist regularly every si.x months.

He can then examine each tooth carefully, and he will

often discover small points of decay of which you did

not know. If you do this, you need never suffer from

toothache. Any decay will be stopped long before the

tooth has been eaten through and the nerve affected.

When decay is attended to before it has gone far, the

stopping of a tooth is not painful.

You can now see that the teeth cannot be kept clean

and sound unless you take some trouble. But surely

it is well worth the trouble when you consider the

advantages. You escape the pain of toothache, yoii

avoid such troubles as indigestion and bloodlessness,

which are due to the want of good teeth to chew with,

and you save a great deal of expense in many ways.

At the same time you make yourself much more

attractive in appearance, for no amount of care in

dress will make up for the disagreeable appearance ol

badly-kept teeth.
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CHAPTER XI

THE SKIN

All animals and plants have some kind of outside

covering to protect the parts within. These coverings

differ much in appearance, and are known by different

names : for example, we speak of the human skin of the

hide of a bullock, of the fur of a bear, and of the 6arfc

of a tree But when we examine the different kinds

of animal coverings by the help of a magnifying glass

or a microscope, we find that they are liker one another

than we may have supposed. The surface of each is

composed of a large number of tiny scales, closely

packed together, and on each there are long hairs grow-

ing outwards. The bear's fur differs from the human

skin in having those hairs much longer and more

numerous, while the hide is very much thicker and

stronger. The lower animals reqrnre more natural

protection than man does, for man wears clothes as an

additional protection, and can change this covering to

suit the weather.

Let us look at a drawi ig of the skin as seen throu-h

the microscope. We sec that it is composed of tiny

colls just as a wall is built up of bricks, and on tlu>

surflce these cells are flattened so as to form scal.s.

Here aud there wo sec tiny openings <>n the surtax

.

these are the mouths of little channels which cun.c
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from the sweat glands. When our Ixxly gets hot, either

because the weather is warm or because we have been

doing some active work,

small watery drops of

sweat or perspiration

begin to appear at these

openings. We have al-

ready spoken of the

body as a steam-engine,

and we have seen that

it must throw off waste

material just as the

engine must get rid of

the waste steam from the

cylinder and the ashes

from the furnace. You
already know that sweat

is one of the waste

materials of the body

;

and by means of these channels or pores in the skin

it IS carried to the surface of the body.

The skin is thus not only a protective covering, but

is also an organ which gets

rid of waste matter. One
writer has said that it is

at once a waterproof and a

drainage system. But the

skin serves a third purpose,

which we must next consider.

Have you noticed that when

a dog is hot with runninji-

iiI>out he keeps his mouth open and lets his tongue

hang out ? He does this in order to cool hini-

stlf. Tlie moisture from his mouth evaporates, and

Section of the akin. Note the surface
celts, the sweat glands, and the root

of a hair, with muscle fibres which
make the hair stand erect.

" He cools himself by opening
his mmUh " (p. 128).
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128 The Skin

evaporation from any surface coo\n it down, as you

can prove for yourself by wetting your hand and let-

tin/the air dry it. A dog has no sweat glands m h,s

skin such as we have, so he cools himself by openin;;

his mouth. But when we run about or play an

active game, our skin becomes wet with perspiration,

and the evaporation of this by the air helps to mak.

"^Th^ere is another way in which the skin helps to cool

the body when it is too hot. When you are heated

with any exercise, your face becomes red and flushe.l.

In the skin there are many small blood-vessels, or tubes

through which the blood flows. When these vessels are

full of blood, the skin looks red; when there is li tl."

blood in them it looks pale. So when your face is hut

and flushed, there is much blood flowing through thos.-

tiny blood-vessels of the skin, and this blood is cool.a

down by the outside air. When you stop playmg an

active game and sit down to rest, you ought always to

put on some extra garment, sv. h as a woollen sweat..-,

until you cool down. If this is not done, the bo. y

will lose too much heat by the evaporation from tl.e

surface of the skin and the rush of blood through its

blood-vessels, and you may catch a severe chill.

The skin has yet another function to perform
:

it

contains the nerves by means of which weM Wlun

we want to know whether a thing is hard or soft, sha.p

or blunt, hot or cold, we place our hand upon it or

touch it. The nerves in the skin then send to the br.nn

messages telling what the object feels like. We learn

so much by means of our eyes that we are apt to

forget how much of our knowledge of things coim.s

^^^^ tb*^ sense of touch. A blind man, however, cm

find out nearly as much about things by feeling tli.ia
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ns we can do by seeing them, and it almost seems as

if some blind people could nee with their lingers.

The skin is not alike on all parts of the body. Have

you ever noticed the little ridges which curve round in

a curious pattern on the front part of tlu- finger tiyis ?

Emmplen of finger-prinlM.

The curved pattern which these ridges form remains

tlie same all through our life, but no two persons have

exactly the same pattern. When a man is imprisoned

for some crime, impressions are taken of his finger-tips

].y the prison officers. If the

man is arrested afterwards, no

matter how much his appear-

iince may have changed, or by

what name he may call himself,

the officers can always recog-

nize him by examining his

finger-prints.

From some parts of the skin

other structures grow out to

j;ive additional protection to

tile body. Small hairn are

found on mast parts of the skin, but on the scalp

there is an abundant gi'owth of hair to protect the

liead. Each hair grows from a small projection deep

down in a pit in the skin. When a hair is broken oft

or is cut short it quickly grows again. Sometimes,

however, the hair is attacked by a kind of mould or

Section of a finger-Up, ahowitig

the mil growing otU from it^

root. NoU (A) the root

,

(B) the growing edge of the

nail : and (C) the bone of

the finger.

m
ft

*

1
I

i 1

1 HI

E



I
'

!

liintKUi I'ttillta at J'i)titj"ii, {rrsfornl).

Thr 'inrlnit liom.'in'! i,"id qrmi attfnUnn to rlcnnline.i.^, ,n,d ih'lr pid'!"-

hilhs u\n funmri/c i>l<ir,s nf rr.sort Thii plrlnrr <l>i,ii:-< pirfs „l II"'

b>ilh.'< (It Pomprli fix tlu'l l">hd hrjorf the drsirurl,„n of the. cil'i

(I) th-' wiillii'irooin; (-J) the ci>!d pnivje hith ; (.'J) the cuitrlyird:

(4) //(' hot biil.'i.



The Skin 181

ftmgus, and becomes diseased. It then falls off and

dues not (rrow again, so that baldness is produced.

The points of the fingers and toes are protected by

the nails, A nail grows out of a deep fold in the skin,

and is really a portion of the skin which has become

hard in order to give protection to the parts which are

specially exposed to hurt. Some animals are protected

by other kinds of outgrowths of the skin. Examples

of these are the horns of a

cow, the antlers of a deer,

the feathers of a bird, and

the scales of a fi-sh or a

81 Hike. The teeth are also a

8{)ecially hard growth formed

in a fold of the skin.

The skin, then, as we have

soen, has four diffenait dutier

to perform. These are : (1) to

protect the body
; (2) to get ^^„j are on outgroieth of the

rid of waste matter; (3) to «^^ (^ ^°«<A ^/'•»««'»

cuiitfol tiie neat of the body

;

and (4) to receive the messages of touch. It is

necessary to keep this important organ of the body

ill good condition, and the best way of doing so is

by attention to cleanliness. The skin gets dirty very

readily. Dust and germs of disease settle upon it.

The surface scales become loose by rubbing. The per-

spiration dries, and leaves some waste matter upon it.

A wrea.sy substance which is found at the roots of the

hairs makes the skin unpleasant and grimy.

To allow the skin to remain dirty is a sure sign that

a i)orson is wanting in self-respect, and such a person

Ciuiiiot win the respect of .tiers. But dirt is not

nil rely disagreeable ; it actually injures health, by
a.7»i) 8
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132 The Skin

interfcrln.' with tlio work ol' the skin. Careful washin-

is lu'cossrrv in onler to remove the dust and wa.str

nuitt.-r Iro.u the surface, to cleanse the opemngs for tin-

t!„w of prrspiration, and to keep the blood-vessels in a„

active condition, so that they can adjust thetnselv.s

easily to changes of heat an<l cold.

There are very few young boys or girls who really

like to wash. Cleanliness is a habit which must 1-

learned. It mav be hard and unpleasant at first, l.ut

children will find that it is worth while learning. H

crivcs pleasure to other people and wins their respe.t,

find by-and-by the habit o: cleanliness becomes pleasant

in itself.
i

•

Cold water and hot do not act upon the skm in

,mite the same way. Washing with hot water and

soap is necessary io remove the dust and grease Avhul.

a.lhere to the skin. Cold water is less useful in.-

cleansing, but it hr.s a more bracing effect upon th.

body lioth hot and cold baths are necessary it xvo

are to keep the skin in the ber;t condition. The face

should be svashed at least once every day in wu.i.i

water. The hands are being constantly soiled, and tli.y

must be fre.p^ently washed, especially before a meal.

If food is taken with dirty hands, all kinds of impuri-

ties mav find their way into the body along with t ho

food. Nothing could be more unph^asant than the idea

of t-atimr food which is not ([uite clean.

The whole body should be thoroughly wasned in

warm water at least once a week. When children ly .ei,

the a-e of nine or ten, they should begin to take a .iaily

euld bath. This is best taken in the mormng.just ad-i'

-.ettiir.r out of bed. All that is needed is to plunge uitu

col.l w'lter then to dry the body by vigorous ,y.!;-

bing with a jugh towel. If one is lu good health,
'
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crivoH a ploasant frelinj,' of active well-being, and is an

oxcollent and hralthful way of beginning tlie day.

l',,ths cun be n>ost easily taken where there is a coni-

t,,n,i'.l<' bathroom in the liouse, but it is a mistake to

suppose that on cannot keep clean without a fine

l,i»hrooui. Both hot and cold batlis can be quite easdy

taken by sponging the body, and iu this way the skin

tan be kept perfectly clean.

Certain parts of the body require special attention—

the teeth, the nails, and the hair. The teeth are so

important that we have

already given them a chap-

ter to themselves. Look

at your hand, and you will

see that the nails are at-

tached to the finger except

at the end, where the edge
^^ Chinese imndarin''s finger-nails.

projects a little. AVhen dirt
, , , j.

lathers under this edge, it is not removed by the ordi-

lavy washing of the hand. It forms a black line which

makes the hand look untidy and disagreeable. This

must be removed by a brush, or by a blunt point which

will not injure the tender skin under the nail.

Xails, like hair, are always growing in length, and

th.'v re.iuire to be regularly pared and trimmed. In

.nine Eastern countries, rich people alhnv their finger-

nails to grow long, in order to show that they do not

n, .-.1 to work with their hands. In China, a mandarin

sometimes has finger-nails like the claws of a bird, and

wrars silver sheaths to protect them. ^^e do not

almire such marks of superiority. Lon<r and badly-

trimmed nails are unsightly, and they collect dust and

^. rms which may be very harmful. The nails should

I. trinuned by paring. Some young people have a Uid
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liabit of biting the nails. This is a disgusting and un-

cleanly habit, as tl:e refuse matter which gathers under

tli(> nails is conveyed direct to the mouth. The skin

round the top of the nail should be carefully pushed

bick when the nails are being trimmed or the hands

washed, as it sometimes grows too far down on the nail

and becomes ragged and unsightly. Well-kept nails are

au ornament as wa^ll as a protection to the fingers.

The hair requires a good deal of attention, but it is

well worth our while giving it the care it requires.

Well-kept hair counts for much in the appearance of

any one, especially of a girl. People of different

countries dress their hair in many different ways, but

they are all agreed in regarding beautiful hair as a

great adornment. Hair differs much in colour, accord-

ing to the amount of pigment : - colouring matter which

is contained in the shaft of the individual hairs. Gray

or white hair is due to bubbles of air collecting inside

tht! hair.

The hair should be brushed vigorously night and

morning. This is useful in two ways: it cleans the

hair by removing the dust and the loosened scales of

the skin which have gathered among the hairs, and it

also causes an increased flow of bloo<l through the small

blood-vessels of the scalp, and so brings plenty of

nourishment to the roots of the hairs aid causes them

to grow well. A girl's hair, which is worn long, re-

tjuires much more care than a boy's short hair. When

a "^irl is old enough to look after her own hair, she

sliould make up her mind never to go to bed without

brushing it well. Once this good habit is formed, it

Would feel as strange and uncomfortable to go to bed

with unbrushed hair as it would to go to bed with one's

day clothes on.

^
i !

f

.tif

I]

?!

1i



»il

136 The Skin

Brushing an conibin<>- are not all that is needd,

liowover. Tlie hair nuist be regularly washed als.i.

Tliis is a nmch more easy matter for a boy than it is

for a girl. Childr.-n's hair should be washed one a

wei«k, and should be carefully dried. A bad cold may

bt' the result of going to bed with damp hair. Many

kinds of hair-wash are sold, and some of them are 4uiti

safe an.l pleasant to use, but there is really no need Inr

anything more than good soap and plenty of water

In some schools the girls are required to wear their hair

in plaits. It would be well, perhaps, if all schoolgirls

wore then- hair in this fashion ; the hair is kept fm-

from tangles, and gathers less dust, and is more easily

ki'pt clean than when hanging loose. Wearing the hair

in two plaits down the back is a pretty as well as a

cleanly fashion.

f
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CHAPTER Xn

THE BLOOD I

Ik 3-011 ever visit the UMiv<n-sity of Caiiihrifl;,fe, in

En^jland, you may see in one of its colleges a por-

trait which is greatly prized. This is the portrait of

William Harvey. Perhaps you have never heard his

name before. Yet he will always b<5 remembered by

those who study the human b(xh% for it was he who

discovered the circulation of the blood. None of the

learned men of old times knew that tlie blood Hows

through the body; more than one had thought this

possible, but it is only some thr.c hundred years since

the fact was clearly proved. By studying the bodies

of animals, Harvey found that the blood passes from

tilt" heart to all parts of the body, and that it Hows

hack to the heart again. The blood keeps up a con-

tinual circulation through the body. On its outward

journey it is pure ; on its return journey it is impure.

At first few people would believe that Harvey was

riiiht in what he said. ]\Iany of his patients refused to

liave him as their cloctor any more. But gradually

])i''i))le came to believe in his views, and to see that he

liiui made a wondei-ful discovery. He received the honour

nl being appointed Physician to the King, Charles T.

Harvey's discovery of the circulation of the blood is

1(1
1 ly one of the greatest advances exer made in our
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138 The Blood

knowledge of the human Ixjdy. We must now si .«

what the blood is, and later we will study the way

in which it circulates through the body.

The blood has always been regarded as the most

important thing in the body, and in figurative expres-

sions it is often spoken of as being our life \\t-

speak of a man being ready to "shed his blood" for

his country—that is, to give up for it all that he

values, even life itself. We say "our blood runs cold

"

when wo are terrified or shocked by something, and

that "our blood boils" when we are very angry and

excited. People of the same tribe or race are said

to be "of one blood." Among some peoples tlie

symbol of the closest friendship is the mixing of a

few drops of blood drawn from two friends, wlio

then become more than brothers. In many of tlie

symbolic rites and superstitions of people, the blood

is regarded as being something sacred, and in a special

way connected with life.

If you were asked to tell what you know about

the blood, you would begin by saying that it is I'd.

It is of so rich and deep a colour that we use it as

a kind of standard of redness. We call a thing " blood-

red" when we wish to say that it is intensely and

vividly red, just as we use the colour of the sky as

a standard of blueness, and describe certain flowers as

"sky-blue," because their colour is bright and puiv.

You also know that blood is a liquid. A little loy

of three and a half years old, who had cut his fin-vr

for the first time, watched the blood oozing out d
the cut, and then called out, " Mother, it's red juii'. !

"

These two words expressed the two facts about M od

which we have just mentioned, and showed very y'"<)d

powers of observation in so young a child.
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Clusters of red cells

in the Hood.

Every one has had a cut or a scratch at one time

or another, and must have noticed that when the outer

skin is pierced through a little blood oozes out. In

a small cut the blood stops flowing after a very short

time. If bleeding went on, all the blood in the body

would escape through even a small opening, but this

does not happen unless some large blood-vessel is cut.

There must be something, then, which

stops the flow. If a kettle or a

pitcher leaks, you stop up the hole

with solder. Bleeding is stopped in

the same way, but it is the blood

itself which provides the solder.

When blood is exposed to the air it

forms into a clot like jelly, and

this clot closes up the wound until it heals and the

skin grows together again.

So far we have only considered the blood as we

see it with our unaided eyes ; it is a red fluid which

clots when it escapes from the blood-vessel or tube

through which it flows. But by the help of the

microscope we can see many wonderful things in

a single drop of blood—things of which our eyes

give iis not even a hint. Under the microscope we

see that the fluid is not red ; it is almost colourless.

In this clear fluid float thousands and thousands of

tiny cells, and these are of two kinds—red cells and

white cells. The usual name for these is corpuscles,

which means very small bodies.

The red corpuscles are by far the more numerous,

there being about five hundred of them present for

every white corpuscle. They [are circular in form,

buL not quite flat on the sides, being thinner in the

middle than round the edge. They get their red colour

I %
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from a siibstancf called h<emo<jIohi)i which thoy contain.

This siihistance lias the power of seizin*; upon oxygen

when it is present, uml it is thus that oxygen is

absorbed by the blood in the lungs. It is interesting

to know that the red corpuscles differ in shape and

size in tlie blood of ditierent animals, and by this

MAN CAK\El Shark Toad
" The red corpmdc.'i differ in xhup- and aizc in the. blood of different

aniiiMto.''

one can sometimeg tell whether a bloodstain has been

caused by human blood or not.

The white corpuscles, as \v*i have said, are much

fewer in number than the red. They are also much

larger. They are usually rounded in form, but they

'• T!ie white corpuselcs have a curious power of changing their shape."

have a curious power of changing their shape, push-

ing out a projection here and there, and thus moving

about or swimming through the fluid of the blood.

Tliere is a very simple type of animal called an amosha

which moves in the same way, and this kind of

movement is called anvihoid, or " amr^ba-like."

Each of these parts of the blood has its o-vn special

Work to do, and we must now consider what that work
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is. You must first recall some things which you were

told about the digostiou of food. The uourishini^ part

of the food is taken up by small tubes in tlie inner

lining of the intestine, and Hows along these and

other tubes till it is mixed

with the blood. In the tissues

of the body tin; l)lo<)d flows

through small hair-like blood-

vessels called capillaries, and

the walls of these small

vessels are so thin that the

nourishing material passes

through them into the vari-

ous tissues. It is in this

way that the muscle and

other tissues get their food

supply. The nourishing fluid,

or lymph as it is called,

\wi only gives up its nour-

ishment to the tissues, but it

also collects from them the

waste material which thoy

need to get rid of and carries

this back to the blood again.

The red corpuficlcs of the

blood have a different work

to do. They are charged

with the coloured matter we
have mentioned, htemoglobin, and this, as we have

said, stores up a supply of oxygen while it is

passing through the lungs. The business of the

red corpuscles, then, is to carry this precious load of

life-giving oxygen all through the body. As the blood

tlows along the small capillaries, the surrounding tissues

Diagravi of the circvfation of the

blood from the heart through

the lungs (A) and through the

body (H). The shading indi-

cates impure blood.
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seem to seize hungrily upon the oxygen which it

carries. When the corpuscles are charged with oxygen,

they are bright red in colour. As they lose their

oxygen they become darker and take on a purple

tinge. If you allow your hand to hang down for a

little while so as ^ j check the circulation, you can

see the dark colour of the impure ijiood showing
through the small veins on the back of the hand
and the arm.

Now we come to consider the work of the white

corpuscles or cells. It is only in recent years that

we have found out much about these, but the facts

which we already know make up a story which
reads like a fairy-tale. These facts make us think of

the body as a great city, and the white cells as an
army of soldiers who are ever on the watch against

such e.'.'emies as venture within its walla They may
also be regarded as the scavengers, who seek out and
remove any waste or hurtful material. The white cells

are always on sentry duty throughout the body. They
float along in the blood stream, and wherever they

are required they assemble quickly in vast numbers.

But they are not confined to the blood-vessels; they

can pass through the walls of these vessels and into

the substance of any tissue where they are needed.

Sometimes the body is invaded by disease germs.

Then the white cells gather round these germs and

wage war against them. If possible, they destroy the

germs by eating them up or absorbing them into their

own substance. Sometimes they carry on the fight in

a diflferent way: they produce a poisonous substance

which kills the disease germs. The germs defend

themselves by making a poison which kills the white

cella. If many disease germs have entered the body,
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there is a serious Imttle. As the white cells are killed,

others come up and take their place, just as soldiers

in the reserve advance to till the places of those in

the firing line who are wounded or killed. In the

end, victory go«s to the stronger side. If ^he germs
win, the city surrenders and the body dies.

When the victory goes to the white cells, they often

win so splendidly that the body is safe from attacks

by that particular kind of germ for a long time, or

oven for the whole of its life. The poison made by
the white cells to kill the disease germs is strong

enough to keep those germs from ever getting a foot-

hold within the city again. Thus a person who has

had measles or scarlet fever very rarely has a second

attack ; he is said to be " immune " from the disease,

or safe from its influence, ever after.

Victory in this strange warfare often depends upon
the white cells being able to poison the germs quickly,

and physicians have now discovered that they can
help the cells in this work. This is done in a very
serious disease, called diphtheria, by introducing into

the body a substance called antitoxin. Toxin is a name
which means a kind of poison, and antitoxin means
something which hinders the poison from acting. This
antitoxin is administered for the purpase of preventing

the action of the poison made in the body by the

diphtheria germs. It gives much help to the white
cells that are engaged in the same work, and by this

treatment hundreds of people have recovered from
diphtheria, who would otherwise have died. The way
in which this antitoxin is obtained is very interesting.

A horse is infected with diphtheria, and after its white
cells have had time to produce the substance wdiich

poisons the germs, some of the blood is drawn off,
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144 The Blood

winch is tlu-n so full of this .sulwtanco that it is called

antitoxin. When wo «,a"t to know more alxmt th.«

treiiiKs which pro<hiC() other diseases, many more kinds

of antitoxin will, no <loubt, be made to combat them,

and many lives will thus be saved.

But the white cells, as we have said, perform other

duties as well as those of soldiers. They help in the

pitxiess of healinj; a wound. When any tissue has been

hurt, the white cells nmke their way out of the bloo<l

and reach the injured part. There they eat up and

clear away any i)arts of the tissue that are dead, and so

the process of healing is able to go on.

The white cells also remove dust and other impurities

which tind their way into the InRly. In cities where

there is much factory smoke in the air, the cells are

kept busy removing such specks of dust as make theii-

way into the lungs. Wherever any substance enteis

the bcjdy which should not be there, these faithful

warriors attempt to get rid of it, and they will either

do this or perish in the attempt. So you see we arc

quite right in describing the white corpuscles of thr

blood as soldiers, doing sentry duty through the body

and fighting its enemies, or jis scavengers, keeping the

tissues clean. They go at once wherever they arc

reijuired, and they do this without waiting for orders

from us, and indeed without our knowing anythin-

about it.

It may be hard to believe that all this really goes

on in the body of each of us, but the movements

and the work of the white cells can actually be ho.i

through the microscope. More than this: the warfai'

between these cells and the germs of disease hn-

actually been {tiiotographed and shown by means <
-

the cinematnifnipli (jn an enormously enlarged scale.
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Wo cannot ^fivo onlfi-.s to our whitt; cflls, but \vi«

pan keep tlu-in tit for tht-ir work. Evi'rytliin<,' wiiidi

helps to keep us in <^oo(l hciilth improves the tij^htinjj

IKjwer of these cells. A'hundance of fresh air, by «lay

and by ni<jht, is ono of the best means of keepinj;

the white cells fit for duty and rea<ly for any call

that may \m made U[)on them. Care in the use of

food and drink is also imijortant, especially as regards

alcohol. It wouhl Ix; very foolish in a general com-

manding an army to do anythin<; which would make
his soldiers less able to fight, but that is what every

one does who indulges in alcohol. As we have

learned in an earlier lesson, alcohol weakens the power

of the whit(! cells, an«l so makes it more easy f(jr

disea.se germs to fight and conquer them.
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CHAPTER XIII

THE CIRCULATION

A LITTLE girl once had her arm hurt, and was taken to

a children's hospital. The doctor there attended to tho

injury, and bandaged the arm across her chest in orcl v

to keep the parts from moving while it was healing.

Tlie girl was then taken home, but about two hours

later she was back again at the hospital. Her mother

said that she had never stopped crying since her arm

had been tied up across her chest. The doctor tried

to find out what was wrong, and at last he discovered

it. The little girl thought there was something alive

inside the bandage. She felt something that fluttered

and moved there, and it made her afraid. Then the

doctor understood what was the matter.

Have you guessed what was troubling the child i

What was it that seemed to flutter inside the bandage ?

It was her heart that she felt go throb, throb, throli

under the arm which was lying across her chest. Th.-

more excited she became, the more her heart throlb'd

and fluttered. The doctor soon put things right. Tii.

bandage was removed, so that the child could see th.it

there was nothing inside it. A big soft pad of cott

wool was then put between the beating heart and ti

arm, in order that its movement might not be felt: tl:

bandage was put back into its place again, and the clu'

went ott' quite happy and contented.
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148 The Circulation

Lay your hand on the left side of your chest, and

you will easily find the part that flutters and throbs.

This throbbing is the beating of the heart. The heart

is a livincr pump which sends the blood all through the

body The blood returns to the heart again, thus

making a complete circuit, so the flow of blood through

In a childrerCa hospital.

the bofly is called the circulation. There is really a

d.)uble circulation, as we shall see, and each drop ..t

blood in the body passes first through the one cucle

and then through the other.

'I'he heart is a hollow muscular organ lying m

the chest, and towards the left side. It is reallv-

H dou]>le organ; we might «iy that there are two

hearts, a left and a right, but these are joiued togetl. r
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anrl work to<rothor. The left hvnvt is the stronger, and
has thicker imisch-.s

; its work is to send the blood all
tlirongh tlie body. The
blood returns to the lieart,

as we have said, but it

ri'turns to tlie right heart,

and is sent by it to the
lungs to be purified. Then
it conies back to the left

heart, to be sent on anotlier

journey through tlie body.

Eacli half of the heart
is a hollow bag with tliick

walls composed of muscle.

When this nuiscle contracts,

the blood is scpieezed out
of tlie bag, just as you
might S(]ueeze water out of

a sponge, or out of a rubber
hag, by closing your hand
on it. Then the muscles
ivlax, and the bag fills with
blood airain.

The heart muscles con-
tnict just as the muscles
of your liand or your arm ,,. ,

''."
,

<],i ],„f +1 ^ • TLv ^Ingram showing the viain blood-
tlo, but tliere is a differ- tvssds from the heart to the right
I'lnv in their wav of rest-

<i»<i M^lvng (R.L. and L.L.) and
•

,
. rpi "^ ,

t" "'e lower iMirt of the hxlii—
llii;. llie arm liiuscl.-s rest th,>ito„Mch{9,r).nix'r(\.), kidneys
ly being fr,.o from work (^\ aiid intestine (Int).

f"r a while, and especially during the night. The heart
cannot rest in tliis way, as the Wly must be kept
«"!'nlied with blood even during sleep. So the heart
'"'' 'les snatch a moment's rest between each two con-

(1,791) 9
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150 The Circulation

tractions or beats, and this is the only rest tliey nocl.

They have not always equally hard work, however-;

c M/WM/vwm\MWv^vWA\^^M^MWA/wvvvw^^

D A/\/\^A/AY^A^'/A/'A^^^A/^vyw^vVv^//w^/v'/.

D»a{,ra«» s^on-tng rft'/^Ten^ m<f.^ o/ ^cart 6c«< per minute »«());'

6f%-13(); (B) « c^W <>/ ciglU or ninc—W; (C) a groun-.n,

person—10 ; a/(d (D) NajiolcoH—tO.

they have less to do when you are asleep in bed tliaii

when you are runninj,^ about or playing some active crauie.

The rate of the heart's beating varies. In a bahy

Section of left mde of th^ heart showing tlie valves which preeent Ihr

from going out at tlie dame opening where it came in.

it is about a hundred and thirty times a miiuii'

a ehild of eight or i^iue years old it is .-ibout >.n

times a minute, and the rate gets slower until

•, in

,.rty

l is

k
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about seventy times a minute in a ^own-up person.

That is the rate when it is beating quietly. If we are

doing hard work, or running or jumping, the heart beats

much more quickly. When a person suffers from fever,

there are some substances circulatiuir in the l)lood which
make the lieart boat very

quickly ; certain drugs, too,

have the same effect. The
heart does not beat at quite

the same rate in different

individuals. Napoleon, for

example, is said to have had

a very slow heart, which beat

only forty times a miinite.

When the heart muscle con-

tracts, the blood is forced

from the left side of the

heart into a wide tiibe ; the

tubes or blood-vessels throujrh

which the blood flows from

the heart are called arteries.

There is a beautiful arrange-

ment in the heart which pre-

^ents the blood from flowing

in the wrong direction. At
the various openings there are strong flaps or pouches
forming valves or folding doors which open only in

one direction. When the heart contracts, the valves

.shut and prevent the blood from goinw out at the

opening where it came in. The doors of the t^rteries

open outwards, and they allow the blood to pass

Inji'ly, but close to prevent it flowing back again.

'i he gi-ea. >rt»Ty divides into jiiniiy braneheH, by which
Ijlood is carried to all parts of the body.

i
1'

Section of small arteri/ (A) and
vein (V) showiiig inner
lining (a) and muscular
fibres (b).

;!
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The structure of these tubes or arteries is very

interestiner. The inside coiisistH of a smooth nionibratio :

when this is examined under the microscope, it is

seen to be made of cells arranj^ed like a smooth

pavement. This smootli lining extends throu<,di all

the parts of the circulatory system. It allows the

blood to flow easily and quickly along the tubes or

vessels ; indeed, it is found that a rough surface makes

the blood form into clots, and

stops its flow.

Outside this smooth lining

the walls of the arteries are

formed of two sorts of fibri*s,

elastic fibres and muscular

fibrea In the larger arteries

the elastic fibres are present

in great numbers. This

allows the walls of these

arteries to distend when the

contractioii of the heart sends

a sudden wave of blood into

them. Place your right fore-

finger on the front part of your left wrist, in tlif

hollow above the thumb, and you will feel tin-

beating of your pulse. This pulse is the sud<lin

expansion of the artery caused by the blood sent

forward from the heart at each hrtit or contraction.

If you count the beats of your pulse, you will finl

that their rate is exactly the same as that of th''

beats of your heart— probably about eighty in '

minute. There is a pulse in all the arteries. Doctor-^

usually feel the pulse at the wrist because a lai-'

artery passes near tlie surface at that point, an 1

the throbbing can be easily felt. You may also '

Feding the pulse at the wrist

:

the line (a b) shows where the

artery is near the surface.
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able to rind a pulse in the side of your neck or in

front of your ear.

In the smaller arteries the muscular fibres are most

numerous, and thesu fibres have a very interesting work

to perform. You know that when you feel shy or

ashamed you blush
;
yovu- face and neck turn red. The

small arteries of the face and neck are suddenly filled

with more blood than before, and this is due to the

muscular fibres of their walls relaxinjx, and the tube

becoming wider for a time.

When you have been working

vigorously, and feel hot, the

same thing occurs all over

your body. The chief use of

this arrangenient is that more

blood comes to the surface of

the body, and thus it gets

cooled down when it is too

hot. If you are cold, ^ or if

you have been suddenly A network of capillaries (C, C

startled, the muscular walls of
^l^^'l^r

"'"^^ ^^^ ""^ "

these small blood-vessels con-

tract ; the tubus become narrower, and less blood can

flow through them. You then become pale, from the

lessened quantity of blood in the skin.

It is not only in the skin that the small arteries

act in this way. Whenever any part of the body

is being used, it receives by this means an increased

How of blood for the time. Thus the walls of the

stomach are flushed with blood when digestion is

going on ; the muscles get an increased supply when

they are doing work; and so with other parts of

the body.

We ha\ e seen that as the arteries curry their current

? i

li

, I

1
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of pure blood from the heart to all parts of the bwly,

they divide up and heconie smaller and smaller. At
last they subdivide into a network of very miniiti!

tubes, so small that they cannot be seen without a

microscope. These vessels are called cdpiUaricx, or

hair-like vessels, but they are really much finer than

hairs. As the vessels get smaller, their walls get

thinner, and in the smallest vessels the wall is simpl}'

ihe smooth lining membrane and nothing more. It is

while the blood is passing through these capillaries

that its work is done. The oxygen which it gathered

up in the lungs, and the nourishing matters which it

received from the food, now pass through the thin

wall of the vessel and reach the tissues where they

are needed. At the same time the waste material uf

the tissue is returned to the blood and carried away
by its How. A large quantity of water is given by
the blood to the various soft tissues ; these are in-

deed constantly bathed in the colourless fluid which

we call lymph.

These changes in the blood are accompanied by a

distinct change of colour: from briirht red it chanc'os

to a dark purplish colour. The capillaries which carry

this impure blood Join together again and form larger

vessels called veins, through which the blood flows

back to the heart. When the web of a living frog's

foot is held inider the microscope, we can actually sei-

the blood coursing through the capillaries, with the red

and white cells floating in the fluid. In Harvey's tiiuf

there were no microscopes, so the circulation throu>ih

the capillaries could not be seen by liim. This niakis

it all the more won«lerful that he was able to discovci'

the circulation of the bhxxl.

From the capillaries the impure blood passes int"
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the veins, a-s we have said, and those carry it back to

the heart. The veins are very mucli like arteries in

appearance. Tlie small vessels be<,Mn among the capil-

laries, and gradually unite to fonn larger veins. The

walls of the veins are thinner than those of the

arteries, and they liave valves here and there along

their course somewhat like the valves of

the heart. These valves prevent the

blood from flowing backwards through

the veins.

If we press on one of the surface veins,

we can see it stand out in a thick bluish

line under the skin. We may see " knots
"

in this blue line; these are the valves

which prevent the return of the blood,

and take the pressure off the lower vems '^^l^^'^Xl
when the blood is made to flow uphill, the lomr mlve

The flow of the blood through the veins

is much aided by the contraction of our

muscles when we take exercise. This squeezes out the

blood from the muscle, and the valves keep it moving

on in the right direction.

Before reaching the heart all the veins join into two

large tubes, one carrying the blood from the head and

thtrupper part of the body, and the other carrying that

from the lower part of the body, and these two also

unite near the heart. The impure blood is thus poured

into the right side of the heart, and is then pumped from

the heart to the lungs to be puritied. As it flows along

the tiny capillary vessels in the lungs, the blood gives

up the carbon dioxide and water which it received from

the tissues, and takes in oxygen from the air. Then

it flows back again through a series of veins which

l.rincr it to the left side of the heart, ready to start

IS open, the

upper closed.
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off once nioro on its life-«rivinjj journey throufih tli.-

body.

Some experiments Imve been made in onJer to fiixl

out how long it takes tlie blood to make this doublo
circuit which wu have (K'scribed, and it has Ix-en found
that the time occupied in the complete journey is only
about twenty seconds; in a younj; child the time is

even lesa It does seem wonderful to think of a tiny

drop of blood rushin<,' throu<,'h the wlujle body thno
times in a minute.

We cannot control our circulation by our will. The
heart goes on beating without our knowledge, and tho
flow of the bloixl needs no help from us. There are
certain nerve-cells in the brain that regulate the move-
ments of the circulation. Nerves pass from these cells

to the heart: some of these tend to slow down the rat.'

of its beating, and others have the power of quickeninij

it. When people are well and their heart action goes
on smoothly and regtdarly, these two sets of nerve
fibres preserve a balance. Ner\e fibres also go to the
arteries; some of them have the power of causing the

muscles in the wall of the artery to contract, while
others make it dilate. Tlie circulation re(|uires very
careful nerve control, and it is well that all this goes
on without needing any attention from us.

There are several things which we can do, however,
to help in this very important matter. The circulation

is always best in people who take plenty of exereisr.

We have seen that when a muscle is being used it g.t>

an increased supply of blood. This helps the niov.

ment of the blood. Again, when one of onr museir

.

contracts, it squeezes out the bl(X)d and the lymph from
the ve.ssels within it, and the return flow of the bio. J
is thus helped on.
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You will SCO how nuich the circulation is helped

hy tlie work of the musch's if you think how much
colder and more tired you feel when you are stHndinij

Htill than when you are movinjj about. Some people who
are not stronij feel (juite ill if they liave to stand for

a lontr time. If they can move alxjut and help their

circulation by the exercise of their muscles, they feel

iK^tter. Soldiers sometimes b<;come faint from lonij-

continued 8tandin<;, and they are lielped by bein<;

allowed to " mark time."

Another way in which we can help our circulation

is by deep breathiufj. This assists the flow of blood

through the lungs and heli)s in its return to the heart.

We can also help by keeping the muscles of the

heart and of the arteries in good condition. This

re(iuires first of all that we should supply them with
plenty of nourishment, but it also means that they should
have suflicient work to do. Whenever we take exercise,

we are giving the heart a little additional work to do,

and thus helping to make it strong and vigorous.

We can also brace up and exei-cise the muscles
of the arteries by taking cold baths followed by
vigorous rubbing. This provides exercise for these

muscles by making the walls of the arteries contract

and dilate.

We must not expect that our circulation will work
well if we require it to do two things at once After
a full meal, when a large supply of Ijlood is noodod by
the stomach in order to help on digestion, W(^ must
not call for a Ijlood supply to the muscles at the
sinie time, by taking active exercise, or to the brain,

hy sitting down to study. The brain requires a good
supply of blood to carry on its work just as much as

the muscles do, and neither of them can get this supply

* -
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just after a meal without r.duciu>j the flow of blood

which tlio Htouiach reiniiivH.

In training our heart and blooil-vesHcls to work well,

there arc some things we ought to avoid. We must

not increase suddenly the amount of work we give

them. The heart may bo injured by too great exertion,

especially if undertaken Budd<Mily. ExorciHCS should

be increased gradually, in order to allow the heart

to get accusU ..led to the increased demands upon it.

Again, we must not continue any muscular exercise

after we are out of breath. Breathlessness shows that

both heart and lungs are being overtaxed.

'. ?

!.
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CHAPTER XIV

INFECTIOX

Long ago families belonging to the same tribe iwed

to live nciar each other lor the sake of safety from

enemies, an savage peoples still do in various parts

of the world. In this way villages and towns arose.

The enemies to bo feared wore the men of hostih^ tribes

and the wild beasts which prowled around. We have

no fear of such enemies in our country, but we still

hear of encounters with wild beasts in other lands.

Not many years ago, when a railway was being made

ill Britisli East Africa, work was almost stopped by

tlic attacks of lions upon the workmen. In India,

even at the present day, over twenty thousand people

are killed every year by wild beasts and poisonous

snakes.

We have nothing to fear from such foes as these,

hut each of us is exposed to the attacks of enemies no

loss deadly. Although they aio too small to be seen by

the naked eye, they kill for more people ^very year

t' 11 all the lions antl snakes in the world. They

! Jifficult to destroy just because they are so sniaU.

IL will require a long and constant warfare if the

world is ever to be rid of them, and in this warfare

every 'x)y and girl can help. Let us see what these

t 'Uiies are, and how we can hope to conquer them.

• *
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Yon know that sonio disoases aro infectlmift—tliat

is to sjiy, tliey spread from a sick person to others who
may be near him or in contact witli liim. If one child

takes measles, for example, other children in the same

family or in the nei^hlx)urho()d are likely to take tho

same disease. When a disease comes into a district in

this way and attacks a number of people, it is callid

The microbes which muse aoine comnwn, infectioiM diseases, as seen undir

the microscope—(1) tuberculosis; (2) typhoid or enteric fr.ver ; (I!)

diphtheria ; (4) itudarial fever ; (a) cholera ; and (0) plagur.

an fpidemic. For Imndreds of years no one could liml

out how this happened, and so it was impossible to siy

how it couM be prevente<l.

We now know that these infectious diseases ;.iv

caused by very small livinj:^ creatures which cnt'r

the lx)dy and remain there, increasing in inxmbers to

an amazing degree. Some of them are so minute tli it

they can cmly be seen by a microscope which niagiii' s

one thousand times, and others are even smaller. '1
1 y

are called iaicru-onjanisms, or viicroben, a name wli ti
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means very hnmll living creatures ; they are also

connnonly known as ganns. Some microbes are called

bdcilll, on account of their shape ; a bacillus is a germ
shaped like a small rrxl or stick.

Some microbes belonjj to the vegetable kingdom, and

others to the animal kingdom. Almast all of them are

very simple in structure, consisting of only one cell.

When they find themselves in suitable surroundings

as regards food, moisture, and warmth, they multiply

with extreme rapidity. They draw their nourishment

from the substances around them, and cause great

changes in these structures by their action, as we have

seen in the formation of alcohol from sugar by the

action of yeast germs.

All germs do not cause disease, however. Many
of them are very useful to man. It is by the aid

of microbes that plants are able to draw nourishment

from the soil and thus to build up food for man. The
"ripe" flavour of cheese is due to the action of small

organisms, and the fermentation of wine and beer

is caused in the same way. The process of rotting

is also due to this cause ; microbes attack and live upon
waste material such as fallen leaves, and break up
tlujir substance into other and simpler substances which

puss into the air and into the soil, ready to build

up new plants. We do not wish to destroy such

microbes as these, which are either harmless or do

useful work for us.

It is the microbes which cause disease that we want
to discover and to destroy, as far as we can do so.

Microljes of disease enter the body in different ways.

Tiny may be swallowed with the food or with drinking
WMicr; they may be breathed in from the ai>-, or tliey

luuy gain entrance through a cut in the skia

. I
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DiHorent diseases are caused by different germs. Oiio

kind of germ causes scarlet fever, another diphtheii.i,

another typhoid fever, and so on. When a person

becomes ill with scarlet fever, it means that his body

has been invaded by the germs which cause that

disease, and the sore tliroat, the rash, and the feveri.sli-

ness which accompany his illness are signs of the fighc

which is going on between the germs and his body.

Now there are two ways of fighting an enemy. We

can either find out where he is and what he is doing,

and then attack and slay him on some suitable oppor-

tunity, or we can occupy some strong place and there

defend ourselves against his attack. Microbes are

to be fought in precisely the same waya One way

of fighting them is to keep the body so strong and

healthy that they cannot make an attack upon it.

This is a task which ejich person must attend to for

himself. The other way of fighting the miciobcs

is to find out where and how th'y live, and tlu^n

destroy them in their haunts before they attack our

body. For this work we need the help of doctors and

others who study such matters, and we must be ready

to do as they advise us

One of the most destructive of disease germs, agaitist

which an active war is being waged at present, is

known as the tubercle hacillas. It causes the dreiidid

disease of consumption, in which the lung is attack i<l

and wastes away. In 1882 Dr. Koch, a Cflebvjit.d

German physician, discovered the microbe which can .
s

this disease. It was found that the bacillus not only

causes diseas*) in the lung, but that the bones lud

joints, the covering of the brain, and many other pots

of the IhhIv, are alst> attacked.

This disease is now genei'ally called iuhercxl" "
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In the British Isles, one out of every ten deaths is

due to some form of this disease, and much ill-health,

loss of work, and poverty can l)e tra '^d to the action

of the small organism which is its cause. Ever since

Koch's discovery, scientists all over the world have been

" The tubercle hacUUts cannot thrive where there is much frcnh air
"

(p, 164). The jxttients deep in the open air when possible.

trying to find out more and more about this microbe

—

how it lives, how it is introduced into the human body,

and what can be done to prevent this.

If we are ever to <;et rid of this disease, people must

understand clearly that it is an htfectloas disease,

and is easily carried from one person to another.

When a person sutlers from consumption, he usually

has a cough, and the matter which he spits up from the

! I
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luniks contains millions of the microbes. This nmttcf

dries and becomes mixed witli the dust; it is blown

about by the air and is breathed in by other persons,

and so the infection spreads. Kverythin<^ which is

couched up from tlie lunj^s should be received into

a paper pocket-handkerchief and burned. On no

account should it be allowed to dry and mix witli

the air, either indoors or out of doors. Tlie careful

burninjf of all infected matter prevents the spread

of the disease.

The tubercle bacillus cannot thrive where there

is much fn'sh air and no dust. So in carintjf for

those who are ill, and in keeping infection from those

who are well, much gcxjd can be done by keepinj; the

windows open so as to have plenty of fresh air in

our rooms, and by livin<^ in the open air as much

as possible.

People used to think that tuberculosis was hereditary
;

if parents suffered from the disease, their children wore

likely to inherit it from them. We now know that the

children of such parents do not inherit the disease, but

they are very likely to be infected with it by living-

in houses which swarm with tubercle bacilli. Tlie very

air of the rooujs mav be laden with them in the form

of dust.

Cows and other animals often sutier from tuberculosis,

and infection may pass from them to liunian boin<;s.

Milk is often found to contain tubercle bacilli, li

is one of the duties of those who manatje the atiiiirs < l

our cities and towns to see that no infected mill.

or ment is oti'ered for sale. Meat is usually inspeetei

by skilled officers before it is sold. Attempts are al-

bein<( made in most cities to secure a pure milk suppl)

The dairy cows are examined to see that they ai

.ii



Infection 165

lu'filthy, prop^M-ly fed, and kept in clean, well-ventilated

house.s. Personal cleanliness is recjuired in those who
milk the cows, and the vessels into which the milk is

received must be thorou^jhly clean. The milk should be

kept in closed vessels until it reaches the house where

it is to be used, and even then it is often wise to pasteur-

ize the milk before usinjj

it, as most microbes are .--.'^'^ »^ »9°*

killed by pasteurization.

There is really no

reason why tuberculosis

should not be stamped

out altogether. Fifty

years after this, perhaps,

when the disease has

disappeared from the

world, people will wonder

why we allowed it to

exist so long in our midst,

just as we wonder to-day This diagram shows the decline in the

1 , e „ e^i-u ..^ death-rate from tuberculosis inwhy our forefathers per- g^^^ ^„.^/„ ^„„„^ ,,^,^„^y ^^^^^

mitted the cruelty and

surtering which were caused by child labour in mills and

factories a century ago. The microbe can only carry on

its ravages where there are dust, dampness, and bad air,

and where people are poorly nourished. The provision

of fresh air and sunshine, cleanliness, and good food

is tlie best way of carrying on the warfare against it.

("Itiuilinesa is of the highest importance. Such filthy

habits as spitting, or wetting the fingers with the tongue

^^ll'Ml turning over the leaves of a book or a roll of

Mils, do much harm in spreading the disease.

M(darla is a feverish disease which sometimes attacks

people who live in low-lying, marshy districts. This
(1,791) 10
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disease was formerly common in many places from

which it has now disappeared, but in some puts

of the world it is still a terrible scourge. It was loiij;

supposed that the disease

was caused by damp air

arising from the marsliy

ground. This is now known

to be a mistake. Malaria

is caused by a microljo

being introduced into the

blood through the bite of a

mosquito. Why, then,

should the disease be found

only in marshy districts?

Because mosquitoes are

chiefly found in such places,

and require stagnant pools

of water to lay their e<;^s

in. Wherever marshes

have been drained, or where

the young mosquitoes are

killed by some oily sub-

stance being poured into

all the stagnant pools, the

mosquitoes disappear, ami

the disease also disappeais.

In this way certain parts ul'

Central America and tlie

West Indies have been freid

from the plague of mahu ia.

There are many other infectious diseases which

are known to be produced by microbes. Some are stiil

very common, especially among young people, such

as scarlet fever, measles, German measles, whoopm^'-

The mogquito whose bite causes

nudaria, full grown (1), and in

the larva (2) and pupa (3)

stages.

h
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coucjh, chicken-pox, mumps, and diphtheria. Most

children have had one or more of these diseases. Some

of them, such as chicken-pox,

are usually very mild ; others,

such as diplitheria, are always

serious. In some ways these

diseases are very much alike, so

They are highly infectious,

they last only a comparatively 8o

short time, and they rarely

attack the same person twice.

Almost all of them may cause

serious injury to health. After

all, there is no reason why we
should suffer from any of

these diseases, and we may
hope for the time when they 4o

will disappear.

At present we try to stamp

out such diseases by killing

off the microbes in each case

of disease. The person in-

fected is kept away from

others, either by being taken

to a hospital or by being

nursed in a separate room 'PhiadiagramehowathtyereerUage

mi • 1 • L L "/ *cAoo( children (boya and
at home. Things which have girla) in a country town who

l>een used by the patient

should be at once burned, if

they are of little value, and

all furniture, clothing, and things of more permanent

value, must be disinfected. To disinfect a thing is

simply to treat it so as to kill any microbes which

may tind. shelter in it. This can be done in various

30

20

10

had suffered from two common
infectious diseases, and of
thoat who had escaped all such
diaeaaea.

. -.1
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til

ways. Great heat destroys inicrobcH, and so clothinj;

is disinfected by being r.ut into a large oven or chamber

thronsfh which hot steam is driven. There are certain

chemical substances which also disinfect. The fumes

of formalin or of sulphur may be used to disinfect

rooms. Fluid disinfectants, such as carbolic acid, lysol,

and Condy's Fluid, are also of service if properly diluted

and used with sufficient care.

Thus far we have been speaking of diseases which

are still common, although we are now trying to get

rid of them. Some diseases are now much less fre-

quently seen than they used to be. In civilized

countries, plague, cholera, and smallpox are already

rare, and even when they occur they do not infect

a whole neighbourhood as they used to do. Yet

in countries where little heed is given to public health

and cleanliness, the ravages of these diseases are as

terrible as ever they were. Hundreds of Chinese in

Manchuria died of plague in the year 1910, and

missionaries in Mukden and other cities said that the

scenes which they saw reminded them of the stories

they had read of the Great Plague of London in KJCo.

The Chinese magistrates were so ignorant of the nature

of the disease and its prevention, that they tried t<j

stop the plague by ordering the people to wear horses'

bones tied to their arms. In India, too, plague is

often very destructive, and the English magistrates and

doctors have the greatest difficulty in persuading the

people to use proper means of prevention against it.

Smallpox is now a somewhat rare disease, c- inj

to the care which is taken to prevent infection vvlieii

it does occur, and also to the practice of vaccination.

Towards the end of the o!ght4.cnth century, an Engli^'^

doctor named Jenner noticed that dairymaids and otht:
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workci-s anion*; cattle were often infected by thoni with

a mild disease called cow-ikjx, and that sncli persons

either did not take smallpox, or tix)k it in a very mild

form. He then-fore began the practice of vajriiiatum—
that is, of infectinj; peopU; with the disease of cow-pox

or vacchiid in order to prevent their taking smallpox,

or to prevent its assuming a severe or dangerous

form.

Many other diseases which used to afflict people have

been gradually stamped out ; and if everybody knew how

infectious diseases can be prevented, with all the pain

and suffering and loss whicli disease always In-ings, and

if they would help to prevent them in the ways which

doctors and other men of science point out, tlu-re is

no doubt that we should soon get rid of many of the

disuaaes which still exist among us.

1 1 ftl
1 1
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CHAPTER XV

HHEATHINO

t:

When a buildinj; is erected in which a lar^'e nnmlMi
of people are to be acconnncxlatfd, the a.vhitt^et

must provide some means of ventilation. Ho nnist stc

that plenty of fresh air is admitted fur tl\o peopl.> to

breathe. In a largo building fresh air i.s often ptnnpeii
in through tulK's, purified from dust, warmed, and
moistened if necessary. The dust is removt'd by pass-
ing the air through a screen or filter of hemp or cocoa-
nut fibre, and then through a trickling stream of water,
which also renders it moist. If lit at is needed, the air

is passed over hot-water pipes.

It is only in recent years that architects have used
such a method of preparing the air for breathing, but it

is a very old device with nature, and we all have inside;

our nose an apparatus which produces the same result.

The air which we brt;athe ought to enter through tho
nose. The mouth is intended for other purposes, and if

it is used as an air channel, breathing is not carried on
properly, and bad health is often the result. There is a
good deal of wisdom in the old saying, "Shut your
mouth and save your life."

The chambers behind the nostrils are not smooth,
empty spaces. Several small bones project into thefs!

and form deep ridges on the walls. The membrane

M
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wl.iH. lin.H the walls of the chanilxTs passes over those

,i,|,r,.s as VV...11, an.l so it has a much u.oro extonsivo

U pl"*^
J a"'

Loiccr Jnw.—

How the itir pitmen into the windpipe.

sinfaco than if tho walls were smwth, just as a pleated

frill requires much more material than a plain band of

tho same length. There are good reasons

for the linin<^ niembrano of the nose having

a large surface. All over it there are small

hairs growing, and these hairs catch par-

ticles of dust and other impurities, and

provtnt their entrance into the lungs.

Tli.^ cells on the surface of the lining

membrane ha\' also some very small hair-

like project ions called cilia, which is a

T-atin word meaning " hair ." The cilia are

s., small that they can only be seen with a microscope,

but they have a vc.y important work to do. They are

Cells with very

avmllhnir-like

project ions on
the surface.

I
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constantly in motion, waving to and fro, and they mov<'

in 8uch a way that when any Ninall particle Huch as n

g"rni or a Hpeck of dust settles U|X>n them it is swtpt

outwai'ds to the nostrils and not allowed to pass down

into the lungs.

The lining membrane of the nose contains n largo

number of blood-vessels, through which warm blood is

always flowing. These act like the hot-water pipes in u

buihling, and warm the air as it passes over them. The

lining is also kept moist by moans of special cells, and

this moistens the air as it passes on to the lu"gs.

When the air has passed tlxrough the chamber at the

back of the nose, it flows into the hmjvx or voice-box.

The larynx can l)e easily seen from the outside as a

prominence on the front of the throat. It is much

larger in men than in women. The common name for

this prominence is " Adam's apple," from the old legend

that the forbidden fruit which Adam ate in the Garden

of Eden stuck in that part of his throat. At the top of

the larynx is a door, called the epiglottic. This opens

and shuts like a trap door. It remains open while we

are breathing, but when we swallow it shuts down while

the food passes over it, so that no particle finds its way

into the windpipe. If a crumb does go down " the wrong

way," as we say, you know liow it makes you cough

until it is blown back from the windpipe.

The windpipe or tnirhfa is a tubo which carries the

air down to the linigs. Its lining has ciliated cells like

thoso of the membrane of the nose, and these also help

to sweep out any impurity which tinds its way into the

whidpipe. This tube must always be open to let the air

pass, whether we are lying down or standing upright,

and so its walls are formed of rings of cartilage, a

substance somewhat like bone, but not so hard. Withni



Breathing 173

the chpst the windpipe divides into two tubes, called the

hi'mu'hi («'Hch is called a oranchttM), which pass to the

rijjht and the left lung respectively. The bronchi

(ijvide into smaller tube'

,

and these again and again

iutx) smaller and still

smaller, until they end

in little chambers or

U.gs called air sacs lined

with air cells.

In the walls of these

sacs are vast numbers of

tiny bloofl-vessels called

capillar 'u'H, for all the

blood in the bofly passes

through the blood-vessels

of the lungs every few

seconds, as we have seen

in another chapter. The

walls of the air sacs and

of the capillaries are very

thin, and gases can pass

through them. So in

these sacs the air gives

up to the blood some of

the oxygen it contains,

and the blood gives up

the waste and poisonous

gases which it has collected during its passage through

the body. Now you can see the reason why we are

always drawing in fresh air into the lungs, and then

breathing it out again. We are really stipplying fresh

material to the blood, and carrying away waste matter

iiom it.

The breathing organs. Note the larifnst

at the top, and the windpipe divid-

iwg into the two bronchi. On the

left, the lung t» removed to show the

branching of the bronchus and in the

lower part the smaller air-tubes.

:-'!

! 11
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If you watch the breathing of your little broth

sister when asleep, you will notice that the cheat rises

and falls, and ri»es and falls again, quietly and regularly,

about twenty times every minute. You can study the

movements of breathing better by standing in front of a

mirror when you have only light clothes on, as whon

Section of the trunk showing the chest (A) and the abdomen {B) scvamnd

bu the diaphragm (C). Note how the louxring and fattening <>l Ihr

diaykragm in the figure to the right increases the atze of the chest ciinti/,

and pushes the Momen downward and forward.

you are about to go to bed at night. Then take some

deep breaths slowly, and observe what happens. WIkii

you are breathing in, the chest rises and increasos in

size; at th . same time the lower part of the body, -r

the abdomen, as it is called, is pushed forward. \\h' n

you breathe out, the chest falls, and the front of i!.-

abdomen becomes flat again. The chest is move*! t v

muscles which act on the ribs, pulling them up a lut!-;

at the sides, and thus enlarging the cavity of the clu. t.
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You have learned that between the chest and the

abdomen there is a muscular membrane called the

dUiphnhjm. This is dome-shaped, being higher in the

middle than at the sides. When we bnathe in, the

diaphrajjm becomes flatter, pushing the abdomen down-

ward and forNvurd, and leaving a greater space above

" TM Uood and the air meet to zxrhartgt their good.'* " (p. 1 jfi).

it in the chest When we breathe out and the air

]Hi.sso8 out of the lungs, the chest falls back to its

former position, while the diaphragm rises, allowing

tlio aWomou to become flat once more.

The lui.^'s act very much like elastic bags. When

th.^ air is allowed to escape, the bags slowly collRp:ie.

Have you ever seen the amusing toy which cluidreu

call a "dying pig"? It is an india-rubber bag

wl.ich is shaijed like a pig when it is distended

with air. As the air escapes, the pig makes a

I" J

M
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squealing sound and slowly collapses as if it had falKn

down dead. The lungs act very nmch in the same way,

except that the air passes out noiseleasly.

There is another important difference between the

lungs and the " dying pig." The air which* escapes

from the rubber bag is the same as tlio air which was

put into it. The air which escapes from the lun-s,

however, is very different from that which entent]

them. In the lungs, as we have said, the air gives up

(Cubic Inchen)

Deep Breathing
^

Air passing In and out

Air aluiays left
,

In the Lungs

1
700

.11.. I I

)
Ordinary Breathing

Air passing In and out

Air left In the Lungs

'in Ordinary Breathing

This diagram shows the quantity of air breathrd in and out in ordin-.-

breathing and in deep breathing.

oxygen to the bUxxi which flows through tlie capillar!

in the walls of the air saos, and in o.xchange it ;;

carbonic acid gas or carbon dioxide and water from tl

blood, which are wivste materials that the Ixxly must i:

rid of. The air cells .tre a kind of marktt-i)lac<' win

the bloo<l and the air meet to exchange their goods.

The great bulk of the outside air is a gas CiiH

nitrogen. This gas goes into the lungs an<l comes

again practically unchanged. Its chief nst? in bnatl

iti to mix with the oxygen no as to dilute or weaki i

nt,
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I'liro oxygen is too stron;; to breathe, and would soon

ciiiis*! death.

The lungs are never <iuite empty of air. By an

ordinary breath, a man tak»'s in from twenty to thirty

cubic inche.s—that is, alK)ut a pint-—of fresh air to mix

with that in the lungs. By breathing very deeply,

iilnrnt one hundred cubic inches more can be taken in,

and one hundred cubic inches of the air usually left in

tilt! lui.gs can b»' breathe*! out. You can easily see,

therefore, that a few minutes' practice of deep breathing

i;ive8 an enormously increased supply of o.\ygen to the

hl(K>d. Deep breathing, as we have seen, is not done by

means of tlie chest alt»ne; it is chieHy the work of the

diaphragm. When we stand up to practi.se deep

breathing, we must see that the alxlomen is forced

well downwanls at each breath.

We have sai<l that water is carried away from the

hJiMMi by tht^ air which we breathe out. This water

collies out in the form of vapour. Stand close to a cold

looking-ghuss and take a few deep breaths. The nmis-

ture in your breath forms tiny beads of dew or water

upon the cold glass and makes it quite dim, so that you

can no longer see your face in it. On a cold day the

moisture of yoiu" breath is seen in the form of little

clnuds of .st<'am ct>iiiing from your nostrils or your

mouth when you arc running al)out.

You cannot s<'e tin; earlnHi dioxide and the other

impurities which the breath contains, but there are

ollii'r ways of knowing that tluy are present. Have
yoti ever entere<l a room in which a ntnnlx'r of people

liJiM been sittinir for some time with the d<M)r ami

vv'ihIows closed/ If so, you must have noticed an

uiiiilta.sant odour in the air, and jierhaps after lu'ing in

ill' room for some time yuu had a feeling of tiredness,

.;(!
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or a slight hearlnchc. The nnplejusant odour of a crowd. .1

room is probably due to i.upurities from the skin and

the clothing, and it is always most disagreeable anion-

people who are not careful alxmt personal cleanlin. ss.

The " stuffiness " of the air, which causes headache, is

the effect of the carbon dioxide which has been breathed

into it.

A person breathes continuously all through life frnin

the time of his birth until death comes. Breathing'

goes on independently of our will. We breathe with-

out having to learn how to do it, and we go on breatli-

ing without paying any attention to it. What is it

that maintains the regular rise and fall of the clust

and the regular expansion and contraction of our luii<:s

day and niglit all our life long? There is a small

group of nerve cells in the brain which controls tli-sf

movements. These cells work ceaselessly, and if tl.ry

stop life itself stops.

Though you do not manage your breathing for yonr-

aelf, and though these nerve cells carry on tlie w..rk

witiiout your attention, you can afiect the process in

some ways. You can change the rate and the dcj^r.e

of ujovement for a time. You can practise taking 'hyp.

full breaths, as we have said. This is an excellent thin,

to do, for a well-expanded chest and well-tilled lung's

give the blood a chance of In-ing well purified. d'-A

pure bloo<l gives all the tissues of the b<Mly g(X)d nourish-

ment. You can also hold your breath or cease breathing

for a time. You can hold your hand tightly ov.i- vmui-

nose and mouth so that no air enters. If you <lo thi^

ard count slowly in your mind, " one—two—thiv.

an<l so on, you will fin<l that by the time you con- tn

" twenty-five—twenty-six—twenty-seven
—

" your i" "1

begins to feel .stupid, and almost Ixjfore you know \'- -«ii

r-w-vf.
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have removed your hand. What is the reason of this ?

When you hold your breath, tlie lungs cannot send out

their waste products and receive fresh air. The blood

flowing through your \xx\y romaius impure. This im-

pure blood irritates the brain coU.s concerned in breathing,

and they send such ein])hatic messages to the lungs and

breathing muscles for fresh air that you can no longer

keep these from acting. The demand of the brain

cells for fresh air is stronger than your determination to

hold your breath, and the lungs act in spite of you.

There are other things beside changes in the blood

which irritate or stimulate those brain cells. You gasp

or take a (juick, deep breath when cold water is suddenly

dashed on your skin. You hold your breath w^hen you
feel a sharp pain, and when you listen intently or attend

keenly. Exercise stimulates the action of the lungs.

It is very important that the delicate tissues of the

lungs should 1k^ protected from injury. You already

know one way in which they are protected. The small

hairs in the nose and the cilia of the lining of the nose

and the windpipe prevent the entrance of dust, germs,

and other irritating particles. There are other means
of protection which we may now consider.

In the nose there are special nerve structures which
(five us the sense of smell. This special sense is described

in a later chapter, and at present we ne<'d only consider

its use as regards the protection of the lungs. By the

stiist; of smell wr .ire warned of the pres(!nee of many
jxiisonous gases in the air. Oi'dinary coal gas, which is

us<'d for lighting ami heating, is one of those poisonous

jl'ises which have a disagreeable odour, rnfortunately

tli'Te are some highly poisonous gases which have no

si;ii'll, and are, tluuvfore, all the more dangerous. Carbon
ili'i.xide, or carbonic acid gas, has no smell, as we have

I !
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already explained. Carbon monoxide is a gas oft.ii

found in old wells and in coal mines, and is sonietini. s

produced by stoves. It has no smell, and is a very

dangerous gas, generally causing the death of any oiif

who breathes it in.

There is another way in which the lungs are pro-

tected. Sometimes an irritating particle, such as .i

crumb of bread, gets into the windpipe. The lunj,'s

protect themselves from such an intruder by the act of

coughing. When you cough, air is blown out suddenly

and forcibly through the mouth in order to expel tlio

irritating substance. When you sneeze, air is forcibly

expelled in order to get rid of something which is

causing irritation in the nose.

In former days the taking of snuff was a common

habit. It was an act of courtesy to offer snuff to a

friend, and for this purpose a man of fashion ahviiys

carried a finely-decorated snuff-box. Snuff consists of

small particles of dried tobacco leaf, and when intro-

duced into the nose it irritates the lining membrane an-l

causes a sneeze. Fortunately, this uncleanly habit is no

longer considered a part of good manners.

Coughing and sneezing are caused not merely 1>\-

impurities which enter the air passage from without .

they also serve to free the nose, the windpipe, and tli^

lungs from the obstructions caused by diseased or un-

healthy conditions. A cough is almost always prcs. nt

when there is disease of any part of the organs conci'in. <!

in breathing. We shoul.l regard it as a (langer-sii,ni il.

People often give little lieed to this warning, and s^y,

"Uh, it is only a cough!" Whenever a child, or »'\ n

a grown-up person, has a cougli there is sometlniu'

wrong. It may be very little, but it should be atteii'l l

to, and, if possible, put right.

i^^iini^^
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()\E of the ways in whicli iiinii diflei-H from the lower

uniinnls is in hnvin<j iho jM)wer of xpecvJi. He alone

Ciin express his thoujjhts by means of articnlate sounds

which we call xcords. Most animals can produce

sounds, and these sounds are usually of a very distinct

and definite kind—lions roar, doijs bark, cats mew,
birds chirp or sing, and so on. By means of such

.sounds, to<j, animals do comnuniicate with one another.

Birds can ijive a cry which indicates the jiresence

of danger, and so warns other birds. A writer who
has studied that very intellijjent bird, the crow, tells

ns that he can recognize <juite a number of different

calls which it gives, each having a distinct meaning
or puri)ose. A person who keeps fowls will soon learn

to lUKlerstand the different calls which a hen uses

foi- her chickt'us. The higlu'r species of monkeys are

Siiid to have (juite a language of their own. One
student of animal life olaims to have been able to

flistingnish at least twelve different sounds or words
littered by chimpanzees, and he thinks they probably

iiM- more than these. But even this falls far short

of what we mean by language, and corresponds rather

to the different cries whieli a baby might utter before

li - mind has reached the stage of thinking.

11.791J 11
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The vociil souiuIh which inakt^ tip spooch aro pro-

duced in tho larifiix, or voice-l)<)X. This is the nuii.c

jriven to tlie wide iippor part of tin'

windpii>e, fonniii*; the raised prottih- r-

aiice on the throat which, as we hax.-

said, is Hoinetinies aiUed " Adum'^

apple." The walls of this box m-

chamber are made of cartilajje, a siiK-

stance somewhat like bone but not so

hard or unyieldinj^.

A Spanish sin<,'er thou^dit it wouM

_ ,_ be a giK)d thing if we could see into

The outside of the the larynx and learn how sounds mu
larynx or voice- produced by it, and he invented a
boz, side mew. ^^^^^ ^,f ,,^3i„g t^i,i„ A small minor

is held in the back of the mouth aljove the opening of

the windpipe. A beam of light is thrown upon tliis

from another mirror, and

is reflected down up<jn the

larynx. The reflection of

the larynx itself can then

be seen in the mirror at

the back of the mouth.

This metluxl of examining

the larynx is now regularly

use<i by doctors.

When the larynx is

looked at in this way, we

see two loMs of tibrous

tissue covered with a

delicate membrane stretch-

ing across the top of

either si.le, leaving a small opening between tluM.i l-r

the passage of air. The edges of these folds ax

The larnifx and the. ty>r<il c<>rd< <S)

.mn from above the c{n)iiii'.i '•

quiet hmUhing. On the rl'i ' i^

.ihiiicii the oiwnintj when n '
'i/''

note ix bring niing.

the chamber, one at
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known as the vocal cimh, bt'cause it is the vibra-

tion of tlu!He ed^ea that prcxhices V(X5al sounda

All sounds are due to vibrationH in the air. In

all musical instruments there are parts which

vibrate and cause soun<lwaves or vibrations in

the air. Thus in the piano, the wires aro struck

by a small hamtijer and ma<le to vibrate ; in a violin,

the strings vibrate when the bow is drawn across them
;

in an organ, the loud swelling notes are produced by

the vibration of the columns of air in the organ pipes.

Th€«e drawings show, in section, the shape, of titc mouth cavity when we

pronounce " ah," " te," and *' oo " rcapcctiidij.

In the larynx, the vocal cords are drawn close

together when we sp^ak or sing, and the air is

forced out Ix'tween them, causing the edges to

tremble or vibrate rapidly. This is one of the most

wonderful things in the human body. The air comes

from the lungs merely as waste, and yet it is used

to produce the sounds of the human voice, with all

its variety of musical tones, and its still more wonderful

v.irii'ty of articulate words by which man I'xpresses

wliat he feels, what he tliiiiks, and what he hoijes for.

Thei-e are other structures Ix'sides the vtK'al cords

which are concerned in producing speech. By means

<>t" nniscles in the larynx, the ix>sition and the tension

<! the cords can be altered so as to produce high or low

if-
i
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sounds. Wo cnn clmnjje the shape and size of tln^

cavity alxne tlio larynx, the air passajjos, and the ntouili,

and we can alter the |)osition of th«r tonjjue and the lips

BO as to form the different sounds of our wonls. Wh. u

you pronounce "ah" and then "oo" Ix-fore a niirr-.r.

you CJin see that the form «)f tlie mouth chanjjes I'm-

the different vowel sounds. The consonant souiuls aiv

prfxluced hy changes of a similar kind. Pronounc;

••])««," and you see that your lips are first clos»'d iiml

then sud<lenly opened. So much do we use our lips in

speakini,', that d»!af people can be trained to know wlial

is said hy watching the lips of the speaker. This

is called " lip-reading."

Very young children cannot speak. This is partly

because they have not hegini to think much; they lunr

not many ideas to express, and they cannot uiKlerstiiini

the meaning of our words when we sp<'ak to th.iu.

But it is also partly due to th.ir not having Icanud t..

use the nniseles which shape the sounds of the larynx

into words. They nnist learn the ust* of these niuscl. s

gradually and by practice, just as thry nuist learn the ii^.-

of the nniseles by means of which we stand or walk or run.

You all know how babi<s begin to speak by usiiii,'

simple sounds at fii-st, such as " ta-ta, ma-ma," an-l

how they gradually come to know and to use \wv>'

words day l)y day. Th.-y learn to say the w.m.U

which they hear used by otlu-rs, and so young Kngli-'i

chihlren learn English, and b'rench child-en Freiirl..

Not only do they learn the language which they li. i,

but they learn to speak it in tlic^ same femes, and \\\:U

the same accent as the oMer jjeople among whom t!. y

live. Each country and district has its own uiv

of pronouncing certain .sounds, and you can often i
'1

where a person comes from by his pronunciation r

4n
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jK'CPnt. The curious thin;^ is tliat most pt^oplo simjiIv

all tlioir livt's with the accent w'.iich they leiiiiu*! when

they were youn<; children, or if they rh) chan;;e, there is

some slijflit trace of tliat accent left. Thus you will find

"
.4 great singer " (p. IHO). Jenny Lind, or Miidame Ooldschmidt,

the ittost faiiwm singer of the nineteenth century.

jMople who have lived niany years in (,'anada, and

ytt you can tell as soon as you hear them speak that

t'uy spent their childhood in Scotland or in

1 iitjland. Children should take tln^ trouble to speak

I'loperly when they are younj,', for the hahits of

••f r
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186 Speech

speech which they form then will be very hard t(j

cluuige afterwards.

The movements required in singing are often very

difficult, and years of diligent study and trainiii;^

are needed to make a good singer. More than this

is needed—the " natural gift," as some people call it,

without which no one can be a great singer. But

whether we have the gift of song or not, we can .ill

learn to speak in a becoming way—not only to use ilit-

proper words, but to pronounce them as they ouglit

to be pronounced, and to cultivate a pleasant and

agreeable tone of voice. It is all a matter of attention

and practice, just as the training of the muscles is in

dancing or swimming or playing ball.

Lord Rosebery said recently, when addressing :i

number of schoolboys, that there are two things about

which boys are apt to be careless: they slouch win",

they walk, and they pronounce their words in a

slovenly way. Both habits are certainly too common,

and both are very undesirable. Training the muscK s

in each case to a more precise and correct action

is tlie way to cure these habits. And this wouM

not only improve the manner of walking and of speak-

ing; it would give the boys more control over tlioir

nmscles generally, and make them more efficient ami

strong-willed men in after life.



CHAPTER XVII

FRESH AIR

You have probably read the story of the Black Hole

of Calcutta. In 175G an English fort at Calcutta

was captured by the native prince of Bengal, Surajah

Dovvlah, who caused tlie English prisoners, one hundred

and forty-six in number, to be shut up in a small

dungeon. This dungeon was only eighteen feet in length

and the same in breadth. There the unfortunate men
were compelled to spend a long summer night in the

liottest season of the year. Only two small openings

placed high in the wall gave entrance to air, and

these were partly blocked up by the buildings near.

The prisoners suffered agonies from the lack of fresh

air, and when the door was opened in the morning

only twenty-three out of the hundred and forty-six

men were found to be alive.

Such a tragedy, one might think, could not fail

to ho. remember i as a warning. Yet we find that

a Imndred years later a very similar disaster occurred,

which is, however, not so well known. A ship called

the LouJondi'vvy sot sail from Sligo, on the west

coast of Ireland, bound for the port of Liverpool in

lliigland. The weather became very stormy. The
captain sent the two hundred steerage passengers

down below for safety, an<l ordered the hatches to

'>'• closed. The poor people were packed together in

I
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a space not iiinch lar-^i-r tlian the Black Hole ol'

Calcutta. Their sutteriuifs were dreiidful. When tli.-

liatches could once more be openetl, it was found

that no less than seventy-two of them had died.

Why were the En<jjlish soldiers at Calcutta unahli

to live for one niijjht in their dun<;eon ? Why had

those steerajje passengers, who were confined helow

to save them from the sea, been unable to survive

until they were set at liberty a<jain ? They di»<l

because they were not supplied with fresh air. Tin-

air which reached them was insuflicient in quantity-

and was also inipui-e.

In considering the necessity of a supply of fresh

air to support our life and to keep us in health,

there are three thinfjs important for us to under-

stand. These are, first, why we need fresh air

;

second, what fresh air means ; and, third, how much

fresh air we require.

All animals need fresh air. If a mouse is put

under a glass bell-jar, it moves about quite briskly,

examining its prison and looking for a way out.

If a little oxygen gas is now pumped into the bill-

jar, the movements of the mouse become nuich mori*

lively. If no oxygen or no fresh air is allowed to

enter the jai', thts breathing of the animal graduuHy

uses up the oxygen which is .already there. At tin'

same tin\e the carbon dioxide breathed out fi'om it^

lungs mixes with the air m the jar. The effect "I'

this is that the mouse becomes less and less aetiv

and energetic, and slower in its movements. If \''

did not take pity upon the little creature and eitl' i"

set it free or a<lmit fresh air into its prison, it wri: i

certaiidy die, just as the soldiers did in the Bl.i ^

Hole oi' Calcutta.
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We liave already leanud tliat we must be supplitvl

with oxytfer in order tt) inaiiitaiu our life, and it i^

also iieeessary that waste jjases should be removal

from the body. The air in which we live dijes both

these thinj^s for us. It brink's to us the oxyo;.'ii

which we need, and it removes the waste carbon

dioxide. The air as we Hnd it on the surface of

the earth contains just the projxu-tiou of oxyjjen

which we recjuire. If you think of it, you will

see that we really li\e and move about at tin-

bottom of a sea oi air, just as certain sea-

animals on the ocean bed live at the lx)ttom of thf

sea of water. When we climb a lofty mountain peak,

we may liave some difficulty in breathintj ; the air

is " rarer " or less dense, and each breath that \\<-

take draws a smaller supply into our lungs than

when we wei'e at the foot of the mountain. If we

descend a deep well or a mine we may find that the air

is full of poisonous gases. On the usual surface level,

however, tlie hunian Ixjdy finds just the air it needs.

There is one difficulty which may occur to yoii

here. Since men and animals have been breathini:

in oxygen and breathing out carbon dioxide into the

air for thousands of years, how does it happen that the

air is still pure ? It n\iglit seem as if the accumuli-

tion of carbon dioxide would have made it usele--^

or poisonous long ago. The c«mtinue<l purity of tin-

air is really due to the action of plants. Through

tiny openings in thi'ir leaves, especially when th>'

sun is shining upon thein, they draw in the earlnii

elioxide from the jiir. This gas is composed of earlMii

and oxygen; the plant builds up the carlxju into n^

own substance, ami gives back the pure oxygen i')

the air,

i >
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The air is also kept pure l»y its currents or winds.

Ail- is always In-ing luovecl from [)la('e to place

and mixed up toi^ether. Besid»'s this, all wases have

a ten<lency to spread and min<;le when they como

ill contact witii one another. In this way the air

is kept equal in its composition and (|uality all over

tlie world.

When air is shut into a room and prevented from

iiiixiiitf freely with the outside air, it seems to lose

its freshness and become musty and unpleasant. If,

Itesides this, there are people in the room and the

waste gases from their breath are being mixed with

tlif air, while the oxygen is being used up, as in a

badly ventilated bedroom, the air becomes most dis-

agreeable and unwholesome. We speak of the air in

such a room as "close." Even out of doors, in the

narrow streets and squares of a great city, the air

feels close when there is a want of free movement

arifl circulation.

Fresh air is air which contains a sufficient (juantity

of oxygen and which is free from impurities. What
are those impurities which render air unfit for breathing ?

The most common is carbon dioxide, which comes

from the breath of man and other animals. Carbon

dioxide also comes from other sources. It is produced

ill all processes of burning or combustion : for buiniing

simply means the uniting of oxygen and carlxin into

oarl)on dioxide at a rapi<l rate, so as to produce heat

and sometimes light as well. The buniiiig of coal or

Wood in furnaces and stoves, and the burning of

gas or oil or wax for lighting j-urposrs, all add to

the impurity of the air by pro(liiciiig carlton dioxidr.

We can see how the burning of a can<lle atii'cts

the air if we take a glass jar and invert it over a

'< H
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lij,'lito.i candle, takiii<; care to prevent the entrance
of fresh aii- l)y lettin^r the month of the Jar rest in

a shallow dish containing- some water. The candle
Imrns qnite well for a time. Then its liyht becomes
dim, and it flickers and finally jjoes out. The ex-

planation of this is that the candle has jjone on burning'

as lon<,' as the supply of oxyiren lasted. When this

was all converted into caibon dioxide, the proces.s

of burnin<; could no l(,n^r,'i- continue. An ordinary
f,'as jet produces as much carbon dioxide in a room
as the breath of three people. A coal-oil lamp causes
as much impurity as .seven peopI(> or more, accordintj

to the size of the flame. Elect I'ic li<,dit adds no
impurity to the air, and f(,r this reason Is a much
more suitable lii,dit for our houses.

In addition to the carbon dioxide produced by
hreathintj and by burnin<r, theie are other impurities
added to the air in the I'orm of fumes and smoke
from fires. Sometimes a hi<,ddy poisonous i^as is o-iven

off" by a badly burninj; stove. Tobacco smoke also
makes air impure. Gases are jriven ofi" by decayin<j
rubbi.sh. Dust of many kinds is mixed with the air.

It usually consists of small dry particles from the soil

and from the unbunit carlxm of smoke, and fine "fluff"
of cotton and wcxjl from the wear of clothinj; and other
fabrics. These are all irritatinf^ or injurious to some
extent if they enter the body, but tiie chief dan<,'er

ol du.st is that it often contains small livin*,' ori,Mnisms
such as moulds and the <,'erm8 of disease.

We can .sometimes Judye of the impurity of air
iy smell, but not alway.s. Carbon dioxide, as you liave

already learned, has no smell ; but the i ipurities which
are usually found alonj; witli it imj)urities from
the .skin and from clothing, for example—give the



Mi' 1^

t

'

1

ii:

» •

ir:'

(S

lit

If

4

Fresh Air

nil* a distinctly unplciisant otlour, and this is ustil'iil

as a wjiriiiuj;. It is a pity, as one writer sugjjcsts,

that impure air is not coloured dark blue. Tlun

we could see it an<l avoid it.

Altliou^^di we are aware that the want of oxycjcii,

or the presence ot* much carbon dioxide, will causr

death, we may think that a little impurity in the

air we breathe does not matter much. This is a

mistake. Althouifh it does not kill people outri<,'ht,

it weakens the health and opens the way to disi'asc.

The death-rate in a city is always ijreatest where the

people are crowded to<;ether in small houses and clost-

rooms. Disease, especially tuberculosis, is always most

common in such places. Indeed it has been said

that the tubercle bacillus is the only thing that

flourishes in bad air. And where that flourishes, man

dies.

Some years ago, when doctors began to realize how

tuberculosis is sjn-ead by means of dust and bad

air, people who were suffering from that disease were

often sent to the mountains of Switzerland. Their

health improved in the tine pure air. Yet numbtis

of the Swiss peasants who lived among these moun-

tains died of the very disease that other people went

there to recover from. How was it that the visit' -

improved in health in the neighl)Ourhood where tli'

peasants died from tin; same disease ? It was beoan-..

the peasants lived in (lose, ill-ventilated houses. Tli< y

had the fine pun> air of the mountains all aroiUMl

but the air inside their houses was often very impinv

indeed.

The healtli of animals as well as men re(|iii)f^

abu?ida!ife of fre^',|^ .-viv. Some years ago the ouvi-'v

horses of the p-rench army were found to die in ^i' it
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numbers. As the strt'n<,'th of an army depends upon
a plentiful supply of horses, this hi-;h deatli-r.ite caused

much alarm. Some one su<,';,fested that the ventilation

or air supply of th.; cavalry stnhles should he improved.

This was done, with the wonderful result that the

if^ i
• Z^r^^"

^l:;
: ^r-

t '^.
i J

.ViEWU
Out-of-dooTH—a class in the " Forest Hrhool," Toronto.

iloath-rate amonj; the horses was reduced to one-seventh
of what it had been. Cow-hou.ses also reijuire free

ventilation, and the condition of the cows is often
improved by the provision of a better supply of
fresh air.

Even when it does not cauhe di>.a.se or death, bad
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air interfi'i-fs witli tin- jjtinral feclinj; of woU-Ikmii;;

whioh good lu'iiltli ()U;jlit to ^jivc. IVople who live

in close, stuM'y rooms siiHi-r from headache and loss

of appetite. They do not sleep soundly. Thi-y do

not wake up fiesh and fully restt-d. They are not

alert and vijjtu-ous. Tiieir work is apt to be badly

done. When a sch(H)lroom is close and badly ventilated,

the children get tired and listless and canncjt keep up

an interest in their lessons

When we realize the effects of lreathin<j bad air,

we see how necessary it is to securt; an abun<lance

of fresh pure air. The bi'st way to get this is to s[)end

as much time as possible out-of-doors, whenever the

weather will permit. If we attended even to this oik;

thing, the Vjenefit to health would be great. Uufc

we cannot always be out-of-doors. Our work as

well as the weather may confine us indoors. We must

then see that fresh air is freely admitted to our houses.

The best way of admitting fresh air is to have tlie

windows open constantly, day and night. Sometiiins

the cold of winter prevents this being done ; but if

we realize the benefit of fresh air, we may find it

possible to open our windows much more freely than

we have been in the h.ibit of doing.

In severely coM weather, air is often admitti.l

by the basement of the house and pastsed over radiators

or furnace pines to w.u-m it before it enters the liviii-

rooms; while an escape is provided for the impure air.

Under such an arrangement as this, however, the an

never feels so fresh as when it enters directly fn"ii

outside.

All syntenis of ventilation depend on the fact tl it

heated air expands and becomes lighter, and that as t

rises colder air tlt.ws iu to take ita place. When ro-' -
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ani wariucd by opon li replaces, as in Knjrlaivl, ventilation

is ciaiipaiiitively easy. The fire .semis a constant

currejit of ail- up the chinniey, which thus hecotnes

11 ventilating^ shaft for the rtnun. Open tires are

reniely wasteful of coal, an<l cause much dust, but
• certainly prouioto freshness of air in the r<M>ins.

Out of doors—a scwin/j lesson in the " Forest Schod," Toronto.

We have not yet mentioned how much fresh air

should be admitted into a room for each person in

it. It has been calculated that a man re(piires 3,000
cubic feet of air every hour, and a child about 2,000
iiibic feet. You may not iind it easy to realize just
liow much 3,000 cubi'- feet is. If you have ;i tape
measure, you may measui-e one of your rooms at home.

'
!ii>
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and tlien multiply together its length, breadth i-ul

height ; this will give you the number of cubic fet-t

in that room. For example, a small room which

measures 10 feet long, 10 feet wide, and 10 feet high,

contains just 1,000 cubic feet of air, which is enough

for one person for twenty minutes without ventilation.

A somewhat large room, 20 feet hmg, 15 feet wide, aixi

10 feet high, contains 3,000 cubic feet. According

to the rule which we have given above, if two persons

are sleeping in such a room, the whole of the air

in it ought to be changed every half-hour. This shows

us how necessary it is to have a constant supply of

fresh air.

The great difficulty in ventilation is to get a suffi-

cient supply of air into a room without causing draughts.

A draught is very unpleasant to many people, and

to some it gives rise to a feeling of chill. But we can

accustom ourselves to draughts so that we do not miii<l

them. The benefits of fresh air are so great that they

are worth having even at the cost of some small

sacrifice at first. At the same time, .v good system

of ventilation ought to supply the fresh air requirotl

without causintr di'aughts which would lead to dis-

comfort.

Pure air is more important in bedrooms than in

living-rooms. We spend a great part of our lives in b"l.

Bedroom windows shou.d be kept open wlienever \^>'--

sible, even if we should require an extra blanket I "

warmth. It is an extremely harmful j)lan to kr. p

our bedrooms warm and cosy by shutting out ih'

pure air. Some people still have the old idea tl i

"night air" is harmful. This is an entirely l':i

opinion. As Floreiiee Nightingale once said, "Ni.'

air is tlie only air there is at night." The iii'.'
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nifjht air we allow to blow round our beds, tiif bettor

will our health become.

Alon<j with pure air we may mention sunli;;ht as

being one of the most important things to keep us
bright and well. Sunsliine not only helps to make
us feel cheerful ; it actually kills out the germs
of disease. Careful housekeepers may complain of the

sunlight causing the colours of their carpets and
curtains to fade, but we must choose in such a case
between faded carpets and the pale and faded faces

of those who live in the house. We cannot all afford

to have what we would like in the way of food or of

clothing, but pure air and sunshine are provided free

for all vvno will use them.

ri
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CHAPTER XVIII

THE NERVOUS SYSTEM 1

If some Rip Van Winkle \\^io had slept for two or

three centuries were to wake up to-day, and fiml

himself in one of our modern cities, he would ii<i

doubt be surprised at the chan<(es he would svt\

and the difference in our ways of living from thosr

with which he was familiar. The school in whicli

we may be readini:f this page would be a surprise

in itself. The houses in which we live, with tluir

water supply and drainage, and their gas or electric

light, would be full of wonders; in his youth not

even a king's palace possessed such convenionc-^.

We can imagine his astonishment at the speed witli

which we travel in steamships, .rains, and motor ears,

and at the still greater speed with which we cm
communicate with people at a distance, and even at

the other side of the world.

His idea of sending a quick message would be to

entrust it to runni'vs on foot, or to men travelliiii;

by canoe. If he had lived in one of the countrii s

of the Old World, he would think of sending: it

by a stage coach, going at full speed along the liijli-

way, with fresh horses waiting at certain j)!.!! >

along the road. We should find it very difficult, <
>

doubt, to make him understand how we send t. -
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^lanis aloiior the wires which stretch for thousiinds
uf miles across the continents and under the oceans.

lVrliai)s we mi<,dit have to use an ilhistratiou which
is said to have l)e(;n ,<,d\en to a backwoods farmer
when teli'o-raph wires were first put up: " Ima<,dne,"

we should say, " that your dog lias a body long
.Miougli to stretch rioht across Canada. Then if we
pinch his tail in llalila-v: he will bark in Vancouver."
Our IJip Van Winkle wotdd be nnich surprised,

IK) doubt, at so wonderrul an invention as the tele-

j^iaph. Yet our illustration might suggest to him
that nature had ])een before us here. In the body
of every dog, and not merely of the e.\tremely elon-
gated one whicii we have imagined, there is a natural
tthgraph which pr(jvi.les for rapid communication
between the head and the tail. And the .same kind
uf apparatus is provided in every human body,
even in that of Kip Van Winkle himself—for this
is not a new invention, although we have only
ivcently begun to understand its wonders. This
apparatus is called the iwrvuds st/stt')n, a name which
includes the brain and all the network of nerve
lil)res which spread throughout the body.

If you live in a small village near one of our
western towns, and wish to send a mes.sage to a
friend in Toionto, the first thing you will do is to

f,^o to the nearest teU'graph office, write out your
message, and hand it to the telegraph clerk. He
will read your message, and tluni by pressing a key
on the telegraphic apparatus at his desk lie will
vihI an electric current along the wire which leads
to the nearest towu. This w^ll warn a clerk in the
telegraph office tlu-re to prepare to recei%e your
message. The words of the message are then trans-

(1.791) ] o
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mittod as a series of loii^ and short cuirtiits aloiig

the wire, cadi j^rou]) of tluisc standin<^ for a cercaiu

letter of the aljihabrt.

The ok-rk in this tov.u otfioc now sends a siiiiihir

scries of si<iiials to the central otlice in Toronto, and

a clerk in that oilice wiit( s oi- ty])es ont your inessa<je,

letter by letter and -wonl liy word. Finally this

written message is seut to the address of your friend

in that city.

The various starves necessary for transmitting; sucli

a messa<;e ar(>— (I) the receivini; station at your local

Touin diy

Iliiw n tifdjrmn from, tlw riUiKjc reach < tJir citij.

tele<jraph otlice
; (2) the wire leadin<,f to the larger

town; (3) the othce in that town where the message

is received and passed on
; (4) the wire to the central

office in Toronto; and (o) the central ofSce itself, where

vour message is Hnallv received and dealt with.

There may, of course, be only one section of wire

between you and the city where your friend lives,

or there may be several, and at each inttniiediate

station the mes.sage may have to be taken down by
a clerk and sent on to the next station. But in

many cases the process must i)e somewhat like

that which we have cKscribed. We cannot, of course,

liave separate wires from each village to ev;'iy other

village and town and city in the land. ilut each

village is connected wiih some large centre near it,
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and Ix'tweeii the liir>,'est coiitrcs tlioro aro main .,i

trunk linos consistinj; of a lar<,'o iminbci- of wiiv-.

Sometimes these wires are foruKMl into a cable sivli

as the submarine cables that pass from the ()M
World to the Xew ; sometimes they are laid in

under<,'round channels to prevent accid<'nts from sik.w

and storm. When tin; wires are placed close to<retli.i,

they must be covered with a sheath of some insulating
material which will prevent the electric current passiii-

across from one wire to another.

If we c:)uld pe.'p into the room at soin<' <,nv,u

central otHce where all tlu; messages which pass ov. r

the wires are kept, what a stran<je mixture we shouLl
find them to be! There would be news of ;,'ood and
of evil, of joy and of sorrow; messa^-es. settlinj,' sonn-

great business atfair, and messa<;es telliuir of mark, t

prices, and jjanis and losses ; reports of some <,'re,it

event which all the world is waiting for, and reports
of local races and baseball matches. Our telegr.iiili

system not only links up all th.' scattered corners uf

the land : it touches all sides of our lift-, and we r. ly

(m its help in all kinds of affairs. When any distiict

has its telegraphic eoiniection with the n-st of tin-

world broken off, business almost ceases for the tiiiif.

Just as we need our telegraph system to k. [>

the social and business a.'ai!^ of om- countrv ni<)\ ii l,^

on in a regular C(mrse, so in our body there is nrcl-l
some central controlling power to keep all the jk

of the body working in harmony. Tlu' lungs,
heart, tlie stomach, and all the other (,rgans of

body are dependent upon one another, and each
do its own work only when the' others are ,

•loing tlicir work. If there were not some mean-
connaunication to link every part together, the b^

t 'ir
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could not Vwv. Tlie int'uns of communication is

j)n)vi(li'(l l)y tilt! ntTVOus system. Tho nerves form

the tele<,'rai)h system of the hody, and in their action

tliere are many points of resemblance to our electric

telei;rapli system.

Tiie tele^'ra{)h systi-m has its recoivincj stations or

" At some great central office " (p. 2(H). The cable room of the General
Post O/lice, London, England.

I'tiiees where njessajjes are handed in for transmission,

.iiid so has the body; its receivin<jf stations are the

*iids of the nerves. These receiving- stations difier

^ivatly in appearance; those in the skin, for example,
iiic not like those in the muscles. Tliey al.o ditier

ill certain stations bein<f suited to receive,' messa<'-es

< l' one special kind only, such as thost; of the eye and
t!i'' oar. l)Ut they art; all alike in their real nature,

1 r each one is the end oi a nerve.
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Various sorts of iiiossai;cs aix- ruci'ivo<l and wnt
on from tlioso rcc-eiviiii,^ stations or inrvf cndin;^^
Pain is the int'ssa_-;e wliicli is stiit from the uir\,'

en(lin<rs in a (lisoase<l <u- injuivd part of the Ixxiy.

'I lotliacho is til.' nios.iov sent from the ncrvfs in

u decayed tooth, and it tdls v,.|y [)lainly that thr

to(jth reqnires attention. Whciwcr a pain may hf,

or of whatever kind, \\lieth(r a sliarp or a dull or
a throbbin<,' pain, this f.elinu- of pain is a mes.siij,n

wliich has bei'ii sent to tlir cmtral stations of the

body by a n.Tve wire wliich has

its end in the ailin<^ part.

When tJie l)ody re.jnires food,

we feel hunoTV. The feelin<,' of

hun(,rer is a messa;,^* sent from
the nerve endinys of the dii:esti\H

tract alon«4' the nerves or wiiis

which rnn to the centnil stations,

and this nies,sa<,fe indicates tli.it

fo<xl is rei|uir<"d. When We sr,.

the sun, our seein;f is due to rays

of liojit fr(]Mi tne sun fallinj; upon
the nerve endin;;s of th(! "vv, which are ••pceiallv

designed to recive niessaovs of this kind, and in

send them alonu- the nerves of si^lit. When we hrai,

the special nei-\e endings in tJir car r<rrive tin- sm-.!-
tions we call sound, an<l scud tli.'sc alontr tlie ncrv.s Im

the central station.

We have said that the nerve endin^-s convspm, i

to the reccivin^r (.tlin-s of the telegraph system, aii
that the n.-rves act as the electric wiivs. There ar.

also what we may call central tele<,n-a])li stations -i

tlie body. These are collections of nerve cells, \\!ii. ,

We might compare to electric batteries, since they , iv

Xcrve ending in a vui.tch

fibre.

ill
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tho HdUrcfH <.l" the <iiri;,'y l>y wliii-li iiicssa;;»^s are
sriit aldiij,' the wins. Tliosc colltctioiis of lUTve cells

ftiv found chi.lly in the hr.iin ; tiny are also found
ill tho spinal cord, (lie hick mass of lurvo tissue

which passes from the hiain down alon;^ tho spinal

cohunn or hackhone. l-'iom those ciiitial statiijiis

imi)ulses ai'e srnt out in reply to messa<;es rooeivod
;

f<n- exan:ple, in reply to a messa^'e of pain in a
certain l)ai-t, the-

central station mav
send an impulse to

the muscles of that

part.eausinj^ them to

move in a certain

way, and so <ret rid

of the pain.

If you lay your
hand on somethini,'

which is Very ho',

you pull it back ;tt

once. You do the

same if tht^ object which you touch is unpl.asantly cohl.

The messa^'e of heat or of cold is recei\ed by the nerve
I'udings in th.- skin, and is transmitted to the nerve
cells of the central station. These cells send out an
impulse to the muscles of the arm, which at once move,
so that your hand is drawn Ijack from the hot or cohl
object.

.AIpssai,'es of diti'ei-ent kinds are received l)y ditierent

nerve cells. The cells wliieh recriv(> the heat messages
an; ditierent from tiiose which deal with messai'-es

of }iun<,'er. Jhit in every case the messai,'e i.s sent
•'•"m a nerve- errlini;" .ikiii^' a nerve ilbve, and is i-e-

fvived and replied to bv a nerve cell. The messao-es

.1 lit'inrliiiifj nrrvn nil. .\',,t, tin: ncrii- film A.
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wliit'h are than rt'ccived at the r<Mitral stations an

calli><i soiHtiflous or j'crliiKjK. Tlu'Sf Hi'iisatioiiH may
\hi ])ainfiil, as in a fet-linj; of <;rt'at heat or coM i.r

hunt^t-r, or tiny may Ik; pleasant and a^^rocablc, as

when we are comfortably warm, when wu cat som. -

thin<( jjoof], when we l(M)k at somethinj^ l)eautiful, or

when we listen to ^ood nuisie.

Every day and all day Ion;; wo are reooivini;

sensations through our nerve tihres. They pour in

upon us—sensations of hini;j;er and thirst, of heal

and cold, of sight, of taste, of hearing. From tluM

sensatiors we gain all our knowledge of the worl<I

without: they tell lis of the needs of our bodies:

they warn us of dangers ; they give us endless

pleasure and delight. The unpleasant sensjitions warn

us that something is wrong, and if we are wise wr

give liced to those sensations and have things ptii

right, and thus the health of the body is promotd

and the unpleasant sensations are got ri<l of.

This does not mean that it is a wise rule of 11 ic

to choose pleasant sensations before everything else.

There are many times when we must give up pleasant

things and face things which are decidedly unpleasant

at first if our body is to be strong and I'obust. Theic

are occasions when we must choose btitweeu a ])leasiuv

which we know to be wrong and a disagreeable duty

which we know to be right. A boy who stays lazily

in bed when he ought to be up is certainly enjoying;-

pleasant sensations of warmth and comfort, but !p'

is losing an opportunity of improving either his b<"'\'

or his inin<l. A girl who indulges in too nnieh s\v. i

or ricli food is enjoying pleasure from the sense I

taste, but she may be injuring her digestion a?!'! ^

preparing the way for very different sensations 1\

V'
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iui<l-l)y. Ill most cases, however, our disnt^'eonblo

sensations servo the purpose of protecting; the body

from liarm, iui<l our pleasant ones indicate that things

are ;,'oinj; well with it.

All the sensations \\i' ha\e mentioned are nerve

messajjcs of which we are citiiscitHis. We Iniom when
wo are hun»jry, or when we are in pain, or when wo
hear melodious sounds or see beautiful si^^hts. There

are other nerve impulses passing from one part of

the body to another which we know nothing alx)ut,

but which are of the greatest importance for the well-

being of the Ixxly and even for its life. It is impulses

of this kind that cause the movements of breathing,

and keep the heart beating and the stomach digesting

and all the organs acting which carry nourishment

from our food to the tissues and remove the waste

matter. Ho long as we are in health all the.se impulses

and movements go on without our knowing anything

a])out them, and indi'ed we are hardly con.scious of

luiving a Iwjdy at all. If we are ill, we may become

conscious oi the Ideating of the heart or the move-

ments of breathing, but we cannot sojid any mes.sage

to alter the.se movements. As long as life continues,

there are thousands of those nerve impulses being

sent out to all pai-ts of the body hy this wonderful

telegraph .sy.stem of ours with which our will has

nothinii to do.

We nuist now learn something about the various parts

of this system. We nnist .see what nerves and nerve

colls ai'o like, and how they cany on this unceasing

task of superintending and directing all the varied

activities of the body.

The nervous system consists of throe main parts

—

I 1 ) the brain, which is enclosed within the skull
; (2) the
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Hpinal cord, the lonj; tail-liko .structure which jmssc >

iixnn the bftH«> of the hriiin down tho canal of the hack

bon»' ; and (3) the nervt's or actmil Hluus which run

from tht! bruin un«l tli.'

spinal cord to all juirt--

of tho b.Mly. Tlie hrain

and tho spinal conl

form what wo may
call tho central stations,

and tho norvos aro tlif

wires loading to tiiosc

I'.trvoendini^swhichwr

havo comparofl to tin-

stations whore nus-

saires are i*ecoivod.

Messages aro beiiiLT

constantly sent in to

tho central stations.

The simpler inessa^ns

are dealt with by tlir

centres in tho spinal

Cord and the lowir

parts of the brain.

Tho more difficult mcs-

saj^es, especially tliosr

ro(|uiring judtfUUMit.

and will, and exptii

once, and memory, ;i!''

pfisst'd up to the bi;iiu

to be dealt with and replied to there.

We shall pass over the nerve endings f)r receivers d

messages at yjresent. Tiny differ so much from our

another that we sb.all have to study oMch kind .separat' 1

.

The nerves or coiaioctiug wires are of two kinds—thi r

The genrrnl arrangement of the

mrvoiM ItI/Mem.
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which curry ini-sHii^^es iiiwiii^/s to the centres in tho
•spinal cord and the bruin, and those which curry
impulses or ordt-rs uvtu'drda

ivoiw these centrt's. A iiervt!

trunk lojks like a white

cord. This cord is like u

telt'^raph cable, bein^ niude

up of a luri;e number of

separate wii-es or fibres.

Usually thtro are both in-

^oin^ and out<,'()injj Kbres in

the sumo cord, but each class

of fibres transmits nu'ssu;;es

only in one dinrlion. These

cords or nerve trunks vary

much in thickness. The

Scrlinn of a nerm trunk. In the

inrur fjortion (A) each utiuiU

circle ts a m ]xinitf twrve /Hire,

Note h '(• nil are Ixiuttd togdhfr
In/ iiiL iinda of fihrowi titiuve

(H).

lai-trust is one which passes down
the back of the le^ ; it is as

thick as your fin<,'er. The
trunks divide and sulxlivide,

giving; off fibres to each part of

the body, until they become
so small that they cannot be

seen by the naked eye.

Many of the nerve fibi'es are

surrounded by a thick white

sheath. Tiiis is supposed to

act like the insulatinif material
Xotr the livjira of vmtcriul which We put rouud the wires
and the thick oHiir wire* fur • , , ,

, , i i • i

iiisultUionandprutictton. '" ^ tele«;raph Cable, and whlch
prevents the eh.'ctric current

from passintj across from one wire to another; it

l<<'eps the messay-e or impulse Howinj; aloui; the same
tibre all the way till it reaches the nerve centre. Thus

Section of a U'lcgrayh cnhlr.

The ffrou}ts of snudl white

wires near the cut

present each a
'tire Tf-

7ieriY."
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every message which comes throu<fh a certain fibre

must come from the .same part of the body.

Tlie nerve fibres simply play the part of connecting,'

wires, carrying an impulse fiom a certain nerve endini,'

to a certain nerve centre. It cannot <lo

anything else. And as it never does any-

thing else, every impulse which it brings

is +aken by the brain as coming from its

own particular nerve ending. Scjmetimes

this leads to a curious result when part

of a limb has been lost. A soldier, for

example, who lost his right leg in battle

twenty years ago may tell you that he feels

the toes of his right foot cold or painful.

If there is any irritation at the slump

where the nerve trunks were cut otl',

and this message of discomfort coiik s

to the brain through nerves which for-

merly had their ends in the toes, the

brain still receives it as a message from

the toes.

No one knows exactly how a message

travels along a nerve, or what change takes

place in the nerve to pass on the impulses

t(^ or from the nerve centre. It is not an

electric current ; it travels too slow for that.

andmrvcroots, A nerve impulse travels at the rate ot

batkvkw.
^i^^^^^j. Qj^^^ luuidred feet per second, bit

an electric current travels very nnTch faster.

The spinal cord lies in a canal in the backbone "V

spinal colunm. It is a thick cord of nerve matter, an 1

gives otf thirty-one pairs of nerves to various parts .
i

the body. At the part where most nerves branch otl'

those going to the arms and those going to the legs-^ -

The spinal cord
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tho spinal cord in considerably enla!-<,'cd. The cord is

covt -imI l)yt\vo nienilmines, and the space between these
membranes is filled with a fluid which acts as a cushion
and prevents the conl from hein<r jarred by sudden
movements of the body. It is ])rotected by the project-

inf; parts of the ])ones of the spinal column, which form
a canal for the cord to lie in.

Wlien we examine a cross section v^f the spinal cord,

we see that it contains two kinds of matter which differ

in colour. In the centre is a column of grayish matter,
or rather two columns, one

to the riijht and the other to

the left, connected by a

bridt^e of the same material.

The spinal cord is almost

divided into two etjual parts,

lyinir side by side; and join«'d

where they touch each othei'.

Surronndinj; this central col-

umn of gray matter is an
outer zone of white matter.

Seclioti of npinal cord, allowing
.jraij and white matter and the
doulilc rurtv. roots with outgoing
and incoming fibres.

When we examine these

I)arts with a microscope, we find that the gray matter
consists of cells and the white matter of fibres. Towards
the front of the cord the cells are large. These are the
cells that regulate movement,

At its upper end the sj)inal cord passes up into the
skuK, and becomes much thicker. This thickened por-

tion, which is called the vwdolhi, is rejdly a part of the
brain. It is very like the spinal conl in structure,

however, only the gray matter is not grouped into

.1 double column, but is scattered in irretrular

masses.

The work done by the spinal cord and tht^ medulla is

<'f two kinds. Thev contain, as we have said, the lower
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and less important nerve centres to which messages are

sent, and they also contain the main trunk Hbres l)y

which messages are transmitted to the higher centres in

the brain. In simple matters they act on their own

account, sending back impulses in response to messagc^s

received. Other messages they send on for the brain to

deal with, and transmit the reply of the brain to tin'

parts of the body concerned.

The chief function of these lower centres is to control

what we call rcffcx movements. Let us see what a

reflex movement renlly is. When you place your hand

on something very liot, you pull it a\v;iy immediately.

You have done this almost before you are aware, and

certainly without stopping to think about it. You do

not say to yourself, "This metal is very liot. It is

so hot that it will cause a burn. Burns are painful

things, and I wish to avoid the discomfort and pain

of a burn. I think I had better remove my hand."

If you went through such a process of deliberation,

your hand would bo burned long before you moved ii

away. Nature has provided a shorter way of safety.

Let us see how.

In the first place, a pain fid sensation of heat pass.-.s

from the nerve endings in the skin of the liand aloiii,^

the nerve fibres, and reaches the spinal o^rd. Immcdi

ately an impulse is returned from the large cells in tli''

front part of the cord to the muscles of the arm,

causing them to remove the hand from the hot substauci'.

This seems to be instantaneous, but there is enougi; i'uur

for the two messages to be sent and received. 'I'ln-

then, is an example of relh;x action. The messagf i>

rejiected or turned back to flu; muscles.

Reflex action plays a very inipoi-tant part in i!''

body, and it is ea^y to And examples of it. Wli- i
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something is brought close to tlie eye, ycm close the
eyelid at once; you can scarcely help doing so even
when you try. This is a retlex action designed to
protect the eye. When a crumb gets into the larynx,
you cough. This is a letlex action for the purpose of
removing the ii-ritation and jjrotecting the air passage.
The reply message in a reflex need not be an impulse
to perform muscular movements like these. It may be
a stimulus to glands or to blood-vessels. The glands
may be stimulated to secrete, or the blood-vessels to
become Hushed with blood.

Reflexes differ from . '.ler actions in not reciuiring to
be learned. 'J'hey are scarcely improved at all by
practice. A baby attracted by the brightness of a
flame stretches out his hand to grasp it, and when he
feels the heat he pulls away his hand cjuite as well as
he will ever do. You have heard the old Scottish
proverb, " Burnt bairns dread the fire." What " burnt
bairns" learn is that fire is hot; they do not need
to learn to pull away the hand when they feel
heat.

The refl.'xes concerne(i with the heart movements
and with breathing are controlled by cells in the
iiiedulla. These movements must be carried on with-
out our knowledge or direction, because they ai-e neces-
sary at the very beginning of lif. , and must con-
tinue without intennission all through life. All the
ells in the spinal cord and the medulla have some
special work to do. Those in the medulla, as we have
said, control the circulation and respiration. The cells
m the upi)er part of the cord preside over the arm.
The lower part controls the leg. When the lower part
of the cord is injured, as has sometimes happened in a
railway or other accident, the legs cannot be moved. If

'• f
'
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the cord is injurt'd in the neck, butli the arms and thr

legs are powerless. If the medulla is destroyed lilr

ceases, for the movements of the heart and of resi)iratinii

cease.

iHi

I*

rfi

iM I



CHAPTER XIX

THE NERVOUS SYSTEM—^11

We have now to consider the main central station of
the nervous system—the part wliich controls all the
tictivities of the body. That is the bniln. The brain
is enclose'' 'vithin tlie ^
skull, a strong box
made of bone to pro-

ti'ct the delieat'j ner-

vous structure. The
hiain is covered with
two membranes similar

in those of the spinal

cord, and between
these membranes is a

lliiid, forming a water
Itt'd for the brain to rest

on and so protecting

it from jolts and jars.

A side view, of the

hi.iin shows that it

Side view of the bruin. Note the cerchnnn
(A), the cerebellum (B), the mednUa (C),
and the njiimd cord (D).

c< insists of two niaiii parts. The upper part, which is

o.illed the n-rrlmnn, is nuich tlie lar<rer of the two:
the smaller part, the a'trhcUnm or little brain, lies

b'iow the hinder part of the cerebrum. If we look
at the l)rain from above, it appears to be a double
organ, consisting of two hemispheres, a right and a left,

u.roi) i;}

r 1
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The brain is iui orfjan of considerable size, Ix-iii^

about three pounds in avera^je weij^ht in a man. 'I'lic

size varies considerably, and tlio work

whicli the brain can do depends i.mI

merely on its bulk but also on its quality.

Some men ot" j^reat mental power li;i\i'

had a \ery lar^e brain, however, Crom-

well's brain is said to have wei;fhe(l ti\f

})ounds. On tlie other hand, many im a

of genius liave posses.sed a brain of Iins

than average si/e. A large head does not

necessarilv show that the brain is al>o
J^

\>

large.

As the brain is the organ most elosfly

coiniected with thought and sensation aii'l

feeling, and with the

control of move-
ments, it is natin-al

that the human brain

siiould dirt'er consider-

ably fi'om that of any

of the lower animals.

It is very much larger

in proportion to tlie

weight of the body, and it is

nuich more complex in its struc-

ture. A whale, ft)r instance, may
be over fifty feet in length and

its weight may be reckoned in

tons, but its brain is less than double the weii'lii

Xirvc cells

from the.

ccnbntm.

^^«-*v.v^

.V(7'(v ri'll.s frill)) th

ccrcbdlum.

a mans brain

The outer surface of the brain is nmch foMcd

wrinkled. This is a very important fact, and we i

try to understand wiiat il UiCan-s. Nerve tissue, a-
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liavc seen, is of two kinds—nerve cells and nervo

liln-es. The cells art; the centre of force and power,

and from them comes all the enei-<,'y

that is needed for receiving sensations

iind for sendinj; the stimulus which
makes our nuiscU^s act. The trans-

mission of all such stimulus depends
ii])on the action of the nerve fibres.

The workman who is <liir£rinfr a

trench, or hamm(>rin<^ in nails, is able

to do liis work only so long as his \1

nerve cMs and fi])res act well tof^ether

and guide .smoothly the action of one

muscle after another. It is etpially

true that it is through the harmonious

action of nerve cells and fibres in the

brain of our statesmen that the

Dominion and the Empire are

^foverned. The direction of any
liiisine.ss enterprise depends upon the

vigour of the cells and fibres in the

In-ain of the manager.

In the spinal cord and the medulla
we .saw that the nerve cells, the

cintres of energy, occup}' a place in

the middle. In the brain, howevt.-r,

the cells form a laver on the outside,

ami the surface of the brain is its

aftive part. For the production of

a great deal of nerve energy, thei'e-

tnre, the brain must have an extensive surface layer
i>t cells. A brain of a lower types which has h-.ss

work to do, does not need so many cells, and a smaller
surface is sufficient.

1
' r.r- *^ "iu-A JlIU

.1 •trUtin tlirinnjh the

ijray nuilli r of the

hntiit. Xiili' thv dif-

fi r> lit sliiiiK\< and
sizi.i of ri/lfi at dif-

fi r< nt d< litlis from
th( .surface.
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In tho human hraiii tlu' layor «>f (tIIh is very fxt- n-

sivo—so rxtt'iisivf, iiuliMMl, tluit it cannot hv sprcail "ui

smooth inside tl\e skull, Imt is crumpled and foldril.

If your handkerchief were small enouLfh, yoii could |mii

it into your pocket without creasing; or folding; as it

is, however, you nuist crumph- it up before it will ^o

in. This is the cause of the wrinkles in the suifacf ..f

the hrain ; the lulds

or convolutions .m

due to the extent i>\

that surface hcin:,'

much j^reater tlim
can find room in tlir

skull in a smooth < r

unfolded position. In

the lower aniiii.il>

wliere fewer hinn

cells are reipured, tlir

siu'face of the ln.iiu

is comparati vi
!

y

smooth.

The outer port in
Some fihrcn conmrt difjcrent ptrts of the of tJn^ brain tli' ii.

brain, noiw /^/w to the siiinnl i\iid (iM, . e ii
•

i

nrtdionhetotheiyc(.\)andotlur ixirt-sof Consists ot tins liii-.

theliodif. fohhnl surface <•. m-

posed of hiyers of nerve cells. Its inner portion i-

made up of nerve fibres which sprint; from ili

cells. The fibres run in vai'ious directions. S. .

of them connect different parts of the brain v ii

one another. Others pass down into the s})inal < I

Others, a^ain, foi-m the nerve cords wnicli ;;<» tn

eye, the ear, and otln-r parts. In the brain ;is .

wln're the nerve fibres are mereh' wires to (''<\r '

messages and impulses inwards and outwards.
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••'•lis, (.11 tli<' (jtli.T hfiii.l, hfm- many mi<l varifrl duties
to p.'rf(.rm. Ono of tli.- most wonderful tliin<,'s that
lius Ix'oii found out alK.ut tlie brain is tlio division
,i lal «)ur amr.n;< its various parts. Certain of its cells
are set apart for doiiiir certain kinds of work. Wt-
'lo not use ni(! whol.. biain for swin;r, or for hearincj,
nr for thinkinj,' out a pnibl.-m. One <rroup of cells
is concerned with vision and with nothing else, another
with taste alone, an-

-tl"ttier with hejirifit;

alone, and so on
tlirou«,diout all the

various groups of cells.

Til is division of

lalKJur. or assiirninir to

• ach part its spi-cial

work.sjives nmch effort

ui tl le various uarts

PurU of the brain which are ^onnrrtid with
iiun-i tiunts nj certain parts of the Mi/.

and increases the
t tiiciency of the whole.

The goveinment of a

;:rfat city or cotnitry

• uuld not he efficient if each official tried to take part
in every kind of work. In a city we have certain
"tlicials who look after the water supply, others for
Ok' gas or electric lighting, and others for the care
iiid cleansing of the streets. In the government of
a country there are ministers who are entrusted with
' ich department of the country's affiiirs— it.s educa-
tion its agriculture, its navy and its ai-my. So it

1 -1 the brain. The diilerent kinds of work to be
'' lie are controlled by groups of cells in ditlerent

1
-Its of the brain. It has been discovered that

e itain areas of its surface are connected with the
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iiiuvemeiits of certain parts o£ tho body, but much is

yet unknown ro^ardinj; its oi^^anization.

We know most about the cells which rejrulatG move-
ments, and from these we may learn something aljout

how the brain works. When we write, for example, wo
use the ri^ht arm and hand. In order to move these iti

the recjuired way, we send impidses from certain cells oi'

the brain to tho various muscles. The impulses pass

down to colls in the spinal cord, and from these along tlir

nerve trunk which contains the nervo fibres of the arm
and hand. Thus each nerve carries tho stimulus to its

own nmscle, and the muscK-s, contracting in the projxr

order and to the proper extent, move the hand that

holds the pen so as to trace out the form of tht! lett<;rs.

The brain has not only to send out impulses; it also

receives messages. Some of the receiving stations, sm-h

as tho nerve endings of touch, send clieir messages tiist

to the .spinal cord and then on to tho brain. Soim;

nerves, such as those of sight, luiaring, smell, and tustt;,

carry tlieir messages direct to the brain. The tihi.s

which link one part of the brain to another providt;

for our acting in accordance with these inconiiiii,^

messages. Thus the messages of sight which u.t

receive while learning to write guide us in sendinLC

out the projjcr movement impulses to tho hand, iuul

so we can make letters of the same size and shajn .i-^

those wJiich we are copying.

We do not under.stan<l fully the work whicli is dcin

by the cerel)ellum or lesser brain, but we know tii.L

it hsis something to do with our being able to conii;!'

our muscular movements, as we must do in keeping . i

balance when stanuin^r or walkiuir.

Tile cerebrum or great brain is the organ on wli h

consciousness depends, and through which we beco:
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awnro of onrsolvoH and our Hurroundiiijjs. If the blood

supply is cut ott' from the l)raiii, it catuiot Jict, and wo
lose consciousnoHH, as we say. We no longer know
where we are or who we are or what is happen-

in<j around us. Consciousness depends on Inviin aetiv-

ity, and brain activity depends on }>l<K)d supply,

('ertain dru<;s liinder the action of the brain cells by
poisoninjj thorn. When a man takes a considerable

(]uantity of opium or of alcohol he l)ecomes unconscious,

through the poisoninj; c)f his brain cells.

From these facts we learn the chief hiws whicli wo
must observe if we would have a healthy brain. First,

we must keep it supplied with plenty of bloo<l

—

{jood, pure bloixl, which is made from <;ood food and
fresh air; and, Hecon<l, we must avoid poisonin<; the

brain cells either with bad air or with alcohol or other

dniirs.

We liave now to mention a part of the brain's

work which is perhaps the most important oi all. We
liave seen tl t the nerve centres of the spinal cord and
the medulla direct many of our rellex movements.
An incomiii<; messa<re is answered by an outjjoin*,'

stimulus. There is no thinkinir over it and uecidinf

liow to act. Sonietimes the brain centres work in

tliis way too. A man sees a certain opportunity

and feels a certain desire, and at once he acts so

MS tf) <(i'atify his desire without thinkinj,' about it,

.ilthoufjh he may know quite well that it is foolish or

^\ron(; to act so. Now, one of the most important
powers of the Irniin is just the power of not ddintj
- -of keepint; back an outo;oing impulse until we have
•lijiberated and decided what is best to be done.

This power of si'lf-canfrdl, or of selecting and
!• straining action, is situated in tlie brain aloae, and it
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is th«' strrnjjth or wcukiifSH of tliis powrr which ri'all\

.stamps any hmin as i;o<k1 i>r \»\(\. A iimn may Ih' an n\<\<'

scitMiti.st or an i'l(M|iU'nt speakt'r or a skilful artiwm, Imi

if his hrain is not train<'<l in self-control, if ho canint

restrain hasty action an<l cIkkis*! what is ri;4ht ainl

jjood, he lias not the finest type of hrain. This pow. r

of .self-control and delilterate choice comes only liy

oxorcis«( and practice. Hy consciously and deliln'ratr!

cho<^)sin^ tlio best, and refusinj; to act on hasty impulses,

we can train our hrain, just as hy exercise of anotliri'

kind we train our mu.scles.

How can the hrain \h} trained to act in a cert.iiii

way ^ It depends on this fact, that when certain ct IN

liave once acted tojji^ther, or one after the other, it is

easier for them to act in this way aj^ain. Then cm i y

tiini^ the acti(.a is repeated it Ix'conjes still easier. Tli it

is what we mean hy the proverb, "Practice niiikis

perfect." If it were not for this, our lives would \»-

very difierent; the man would have no more skill tli.m

tlie ])ahy. If you wish to he a good pianist, y«»u I.'h

that j-ou must hegin youn<; and you nnist he willini,'

to spend several hours a day in .stea«ly practice Inr

months and years. If you want to excel in any jf.imr,

you nnist not only study liow to make the right nuA. -

ments at first, hut you nm.st also practis** them, ami L,n

on repeating them again and again luitil they hec<"nr

easy and can he (piickly and accurately ma<le. In ill

learning the same rule holds good. When you Iim'

learned to read any new langung<>, such as Freneli a

page of that language looks very different from 'in'

puzzling and unmeaning thing it once was.

In all such ca.se.s, the cells in the brain have 1 n

traiiu'cl b^' practice tf) work in a certain way. Air --t

everything we do, in fact, comes to be a lidhif le.ii 'i

h .;
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by th.> binin, v/lifthtr it »h' a iKnlily or „ in,.ntul hul.it.

This i'ii)i|.|,.,s UM to niltiviit." aiirl to poiilinn any lialiitn

tliat wo know to U- ;,'(mm1, and ;;<)o<l UnlWy luil'its arc
tlioMi- which promote h.alth. W.' nni.st foiin tlic hahit
of mtin^r at r.-;,nihir tini.-s, of hnathin;; fully and
(le('j)ly, of slcspin;; at th.- ri;;ht tini*> aiwl .sh-epin;;

soundly, an<l thus train tin- hrain c.-lls to do thciT
proper work in niana^jiii;; the iMxly. We niu.st a].s«>

form <,n)<Ml liahit.s of think in;; and of study, so tliat we
may ^'et the best work out of our brain cells.

There are some golden rules for the formation of
jXOCmI habits which we ought to observe. The first

is to Icnrn correctly from the beginning. If we Iwgin
to speak Fr«'nch or German with a bad accent, we shall
never speak it w.ll. If once we get into the habit of
sitting all evening over our les.sons in an easy-going
way instead of .studying hard an<l getting them finrshej,
we shall find it difficult in after life to Ixnid our minds'
to any stift" piece of work we may have in hand. If
we sit in a bad position, with shoulders rounded and
chest crami)ed, we .shall find it ver\ hard lat( r to give
this up and sit in a goo<l jxisition.

The second rule for training the bram in good habits
is not to be di.scouraged an<l give up tryingri„,fore the
brain cells have learnerl what we .set out* to teach them.
"If at fir.st you don't .succe.'d, try, try, try again." It
is^ only at the beginning that the \v<.rk i." ditHcult.
We are sun; to .succeed if we keep on trying. And
our brain is .so made that wli. n we bav*- si7cceeded,
the cells never Ic.se what tlu-y hav learned. They
keep the power which they have anpiir.'d.

Indeed, when we have learned a thing thoroughly,
tlie nerve cells practically take charge of it and look
ifter it for us without any attention or eflbrt on our
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El 1 ^'•m

part, Evoiy <;irl can romombor \vh;it difficulty she had

at first in learning to knit. The knitting needles

soenicd so long and were so easily dropped, the wool

ahvaj's got into the wrong position, and the stitches

would never look regular. But now it is all diff'ennit.

She simply starts her knitting, and it goes on. 8hr

hardly needs to give it any attention, and her mind

niaj' he attending to other things all the time ; souu-

girh, indeed, can ref. 1 a book while they are knitting,

(>nly giving an occasional glance at the work. The

'^'•ain cells <ro on directinir the fingers in tiie movements

which were once so ditlioult and needed so close attcni-

tion. Wlion v.e once learn to ride a bicycle we do not

forget the art even if we should give up the practice of

it for a time. If we ha\ learned to swim, although it

should be long ago, it is onU'' necessary to jump into

the wat(T, and the nerve cells at once take up their

old work of ijuidinfi: the movements of the limbs.

One who has mastere*! any foreign language in youth

may forget it for a time and may feel somewhat hel])less

on hearing it spoken again, but soon the nerve cells

resiniie their fornu'r mode of action, and the language

" ;.»)mes back," as we say.

The brain cells, then, go on accumulating and storiiiLr

up all those vast numbers of habits of action ari<l "t

memory, and yet all day long there are fresh .showt is

of messages str<>aming in and replies being sent «mt.

There are messages of s'ght, of hearing, of taste, ;niil

of smell ;
nies.sages fi-om the skin, from the museli -,

and from the glands; messages of cold, of warmth, ai-

1

of pressure. Some of these messages give rise i)

pleasuiv', other's to discomfort. The kind of feelii _'

which accompanies the messages hsis a great influiii

upju tiie action of th<' brain. When one is chef!
' !
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and happy, all the activities of the body tend to be
curried on vi^roroiusly and well. When one is dull
and depressed, all the functions of the bo ly are sln<rgish.
So there is some real practical ^ i>~'unn in the old
proverb, " Liiu<,di and grow fat."

In view of the countless nunil uhI van.ty of
messages .'hich the brain cells receive an.; .:.'nd out,
it is not strange that they should get tired sometimes.'

5 C 7 8 9 10 11 12 13 14 \S

This diagram shotcs iht artwunt of sleep required by children up to

tlic wjc of fifteen.

When we have done a great deal of study or of any
kind of work our brain does get tired. Exhausted or
overworked brain cells difler, even in outward appear-
ance, from those that are fresh. A tired nerve cell,
lil<«' a tired muscle, needs rest, and this rest is best
"htained in sleep. When we fall asleep, the action
of the nerve cells becomes (juieter, until we ai-e (juite
unconscious.

How do we go to sleep? Perhaps we have never
•li'mght of it before, but if we eunsidci- it^ we shall see
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that we l)e^ri,i l,y „l,„ttiiiir ,,(r us iiKUiy as possil)l(> of
the incomin^r ,nessa;,r,,s wliioli usually pour into the hniin.
We shut oft' messa^'es of si<rht by s^ .'epin^r ,],„.iu^r the
ni^'ht-tiine, in a r<K)ni without iV'hts, and l)y closin<r
our eyes. We choose a (,uiet r(M)in for a bedroom, so
that no ineoniin;,' niessa<res of sound may keep the
brain active. We undress in onler that there may l)e
no !nessa<res of discomfort due to the unequal pi-essure
of our day clothin^r. We cover ourselves with comfort-
able bed-clothes, so that no messa<res of cold may k.>ep
the brain awake. The comfortable w^armth of the be.l
makes the blood flow freely to the skin, and so the
(juantity passin<j throu<,di the brain is lessened

; and
we have already seen that with a small blood supply
the cells become less active, and unconsciousness is
more easily pro<luced.

The best way to prepare for sleepin<,' well is to have
plenty of work an.l play durincr the day to make us
tired. We then lie down in a ([uiet, dark room, neiti.er
too warm nor too cold. If one is very tired, he may
sleep even in a brij,dit li^dit and anion- l„ud noises.
Soldiers have been known to fall asie.'p from sheer
fatigue thou<rh cannon were booming' all roun.l them.
In the matter of sleep, as well as in other thin<:s, the
brain cells can adapt themselves to tlwir surround in<,rs.

Tired brain cells can accustom themselves to sleq)
.•uiion<r the noises of a c;reat city. Some city people
•ire so used to the noises of the busy street that they
cninot sleep well in the country at first because it i's

t"() quiet. Since the })rain is so ivady to form habits
we should see that the habits we learn aiv those which
will <rive our brain thorou-h r.'st an<l prejiare ii f,„
'^'in^' <,rood work. When we wake up in (h.> mnrniiu^
^ve can easily tell whether we have slept wll : if (,ur
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brain is n-stcd, we ft'el refreshed and alert, r.nd ea<;er

to begin tiie activities <if tlie new day.

Some usefid rules for sleep are these: (1.) Sleep in

plenty of fresh air, WMth the bedroom window wide

open if possible. (2.) Sleep refjularly ; c^o to bed at a

certain hour and get up at a certain hour. (3.) (Jo to

bed mettnDKj to sleep at once, and do not allow j'ourself

to think or worry over things. (4.) Have your bedroom

dark and as quiet as possible. (5.) Use light but warm
night garments and bedclothes.

While children are growing, more rest and sleep ar<'

needed than aftt'rwards. A doctor who has studied

this matter with much care tells us that, in order to

give the body a proper chance of developing ami

growing strong, a child unchn- six needs thirteen hours'

sleep daily, a child of eight should have twelve hours'

sleep, and at the age of ten eleven hours' sleep i'^

required.

ii
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SKLK-COXTUOL

Have you ov.-r lived near a railway line? If not,
you may l.ave had to wait for a train at s.j..,e lai.sy
Ktation. It i.s very interestin.; at such a i)lace to
watch the trains that pass. There are express trains
that thunder past witliout stopping', slow trains that
stop at every station taking up or .settinjr dowr
passengers, and freight trains loaded with g.xjds fn.ni
foreign lands, or with wheat to supply the markets
of the world.

What confusion there would be and what accidents
might happen if there was not some way of regulatin.^
all this traffic! How is it regulated? At%ariou3
places along the line there are erections called signal-
boxes, with men in charge of them, and on tall posts
there are signals for the driv,.r of the train to see.
The signalman must show a certain signal to let each
driver know whether his train may pass or not. If
a certain kind of signal is shown, even the fastest
tram must stop. Any mistake ma.le l.y the signalman
might lead to a very serious accident—if, for Fustance,
be wore to give an express train the signal to pass
while there was another train on the line in front
of it.

There is something in the body which we may com-

, f
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pail' uitli this. All day l<»ii^ tiicssa^cs and inijtulsi

an; hcin<; sent aloiiij your nerves just as the ti-aiii

Jire sent aloii<f the railway lines. Some of thest? iin

In a railwai/ sigiuil-bn.r. Sole the hnrx for tmrkitxj the .ligmiln, and ti"

{dun of the ruilwai/ tiiu/i in front oj th> opirdtur.

pulses are good, ami should 1)0 allowed to pass. Otii

are harmful, or are tryirj; to j)ass at the wronpf tin

and these must be sto])ped. Now you have alre.i

learned that tliere is in vonr hr.iin an arrani^eiii'

which allows you to stop tlie harmful impulses, }••



Sclt'-coiitl'nl
2'.i',i

•IS till- si-iiJiliii;iii .slops a tiaiu. This is callr.l thr
]t()\v.T of ,,,/i!ln'/i,<,i, v.liicli is just aiioiliii- iiaiiM- lor

(lu! power of .sayiiii; '-no" (o any iiiij.iils,., and pri-
vt'i»tiii;j it from actiiii:.

Lot lis t:iko an cxaniiilc If a Ix.y strikrs yoii, tlnMv
is ji iijitural inipnisc wliidi . ti.ls to make you strike
liack. ]>ut if for soMie nason you prevent, this impulse
from jictini:, y«'U st(pp tlie stimulus which wouM I.e

sent to your arm just as the si-tialmaii st(.i)s a train
an.l delays its passin-'. Or, perhaps, when you are
c.illerl ill the moriiini; there is a lazy inipuls.' ai)out
to ho sent whieh will make you roll over on the
other side for one more nap: you may stop this
impulse, and pass on instead the impulse which will
lead to your t^ittiii^- up.

\ou have also learned what we mean hy the law of
hahit. Th.' oftener we do a thini;-, the easier it

l)ecomo.s. You find this when you are learnini;- to
read, or to skate, or to swim. At first the movements
I '^'J Hre extremely diliiciilt, hut hy-aiid-l.v thev
1m come <|uite .'asy. In tli.- s.imc way we find it hard
.It first to say "no" to an im|)uls.. which we would
lik(> to i^ratify, hut if we 1,^0 on ehockini; such messa-vs
iime after time, it hecomes (|uite easy. And when ,vo

Imvo learned this lesson, we have gained somethiiii.'

which will he of o-reat value to us all ,,ur lives: wo
have erjiined the power of .s,'|f-contl-ol.

lliivo you ever noticed ;i footpath ciossiuL;' a <rrass-

I'lot or a, ])asture field ? How was that path formed ^

Some one cros.scd tin- -ra.ss in th.it direction om>
•!.iy, hut his feet left 110 mark. .Many jieopk.' us.'d the
sam»; .short cut, and hy-aiid-hy one could .see that
llie iri-a.ss was lieinu- crushed down .and ih.' soil \\as
l"-in^' boutou luird, and so the footpath was formed

(i,:9i) U
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The Sfvine kiml of tliiiiij liappnis in cMir hrain. If u

do a certain tliiii;,' ov act in ii certain way time aiii i

time, a patli p'ts beaten out in the hrain, ami mir

action tends to follow tiiat j)atli ever after.

Wo nnist bo careful, therefore, to see that i\w path.

wliich aro btdn^ fcn'iiied in our brain arc ;^ood paths

that is, to see that we learn ^(jod habits. It is always

hard to chaui^e a habit after it is formed, and as Uf

j^et older the dithculty becomes greater. Hence, il'

we are wise, we shall atteixl most carefully to tin

formation of (jood habits while we are youn<;, and tu

the checkin<; of any bad habits which we know "I',

before tluy nutke the 2)aths in our brain too hard '<v

too «hH'p.

Perhaps yen have thought of habits as bein^ cin-

cerned only with our manners and behaviour; ynii

know it is a bad habit t<j slana the door or to lea\f

it open instead of shuttini; it (piietly, and that it is a

<;;ood habit to say "please" and "thank you" on littiui,'

occasions. But habits aro concerned with other thinu^

as well, and have important etl'ects upon the ])reser\a-

ti(Mi of health. There are habits of eating and driuk-

in;j, for example, which are very important; there H''

also habits of walkin<;, speakinj;, sKvpinij, and e\Mi

of thinkint^', which are all concerned with health.

Amoncj the irood habits in eatini; which we sin mil

learn and ])ractis(>, the chief is to take our food vi-i-

larly. Every origan in the body works best when it

works rejfularly. Irrej^ular meals are a frec^uent ca:!-''

of bad diufestion. Aijain, we shouLl form the haliit d'

eatint; plain and wholesome fooil. Too much should i 't

be eaten just because a dish haj)peiis to please our t.!-' '.

ChiMren always like sweets, and these are (juiti- lI' 1

for them if taken occasionally after a meal. i -
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wronj,' ways of fatin^r sweets aio to take tlioin Ix twcen
meals or Just before a meal, to eat so many as to
spoil the i.i)petite, or to take them the last tliiii;; at
iii^^ht. A common haoit in eatin;,' is to eat too much.
Foo«l is fuel, l)ut a fii-e does not burn well if wo heap
too much fuel upon it.

iiad habits in drinkin-; an; more connnou than bad
habits in eatinjr. The worst (.f these habits is that of
usin^r .alcoholic drinks. You have alrea<ly learned in an
carli.'r chapter a fjCKxl deal alxmt alcohol and its ctrects,
but the matter is .so important, and so many people
makt! rlisasti-ous mistaki-s in the use of alcohol, that
we must mention once more the ne.-d for self-control
Ml re^rard to it. T>wi; wines, spirits, and many other
rommou drinks contain more or less alcohol, and
this produces a feelin<j of excitement and warmth in
tin; body for a time. These results <lo not last, however,
and the excitement is followed by depression or lowness
of spirit; hence people (ret into the habit of taking'
ii'ore an<l more alcohol in order to keep up the feelinrr

of excitement. Alcohol wlien taken in consideraljle

• luantities produces very bad efl'ects upon the bofly,
and destroys all the tissues o'^ which it is composed.'
Memory and the power of Jud>,nuent are weakened, and
one can never rely upon a man whose body is injured
l»y alcohol. It poisons slowly every ])art of the hody,
including' the brain, and the finer and nobler parts of
the man'.s character are the first to l>e destroyed.

It used to be thought that alcohol is iis(!ful as a
I'ood, but we know now that it is not. Xo healthy
Ixxly ever needs alcohol in any form. Experiments
liave been made to tiud out whether men work better
after takin<; alcohol, a^ was often s.iid to be the case.
It has been found thai thing's which re(|uire skill



n'.

m

u'.'-i
fit

!:

irt

» «>{

'



Sclf-cniit i<»|

lie llol M, Wrll ill, 11,
' Mill I- .lln.liul i.~, l.ll

ii"

<*•:!, and tliji

nvk ivi|Iiiiiiil;- st ivm-I Ii aiiii iii.liiriiiic- ran l.i- IhIIit
iloiir without it. Soiiir l.i.ys ii,kr ain.liulii; drinks
iirraiisc tlii'V |ia\ f sirri nil 11 (li iinl tlinik II

I'lllllli;'

• "- 1 iiiiiii

manly. Tin- nioii' manly way is to asi.iil Tun
lial<its wliic'li a always linitliil, ami wliicli nmy
lifconif too slron;;, and tinis mil in rnin.

Smi.kini;' is ani.tlnr connnun lial.il wliidi may lirn.nif

.1 <lan-rr to li.altli, (li'i.wn-u]. men win. sim.kr a
moilrrati- ipianlily ul' ti.l.acci. aiv m.l injuivil l)v it.

liuys will, snink-' always suirn- liarm. Snn.kin-- inln-
Irivs with til. L;ii.wtli 1.1" tlir l.uily, and usually injuivs
till- iifai-t. 'i'ln- l)i,y will, smoki's, t lirivrmi', luns a
;:ifat risk of havin- a wrak In ail. wliicli will krip
liiiu IVoin ever l.iiiio a stion-. vi^iiruiis man. WIh'Ii
mm arc aLuiit to I'li^^a-v in somr sport wliic-li ivijiiiivs

s|Hrial stiviiMtli or .•iidiiraiicr. siidi as ninniii^' or low-
iM^^ tlify "train" I'or it that is, th.y l.ikr caic to
mak" their musflrs tit and strouL^-. During their time
of trainiiie- they are caivliil al.out the amount and tiie

kind of food they eat. and liny iieitjur take ain.hol
nor smoke tohai-i-o. They kiiow that o\ er-eatin^-, drink-„' '»'< I iiin >

'
>

' I -<iii 1 11^, I n iiiK

iujj;, ami smoking would make their muscles less viu-oi

"lis. \\ t" do not all eiii^a^e in ninniiii^- or rowiiii;- raccj
hut we must all work, and we all wish to kec|, o,n-
hodies healthy. It is very foolish, therefor,., to learn
iiMl.ils which mak,- I he hody less stroiiir and less able
to do the work which we may need to )»erf,,rm.

'riiere are oth.M- h.irmful hahits which we must trv
!'• avoid. \V,' all want |o live .i happy hfe as well
IS a liealthy one, ;ind it is ri-ht thai we should do
-M. One Very useful hahit for us to form is that of
hinkiii-' chc-rfnliy. l'...,|,!,. (.fie!! s.-iy, - W.^ cni't help
iir thou-iit.s," but we really can if we try hard onuuuh.
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It is ciisy to fiill into tlio hiihit of worryiiiij ovrr thin;;>

that " cim't In- lielixfl," or of tliiiikiii;^ Imnl iiml uiikinl

thoughts iiljout other pcoph'
;

yet such hiihits can I"

brok(!ii otr. Tlic Hiniplc I'ulu is, " Think alwHit soiiu'thin-

t'lso
;

" aiul every tinif the ^k)oniy iikxmI returns, '.is.

the same cure— " tliink ahout sonielliin^j tilsc." It

does not matter very much what tht; " somethin<^ else

may be at Hrst. Anything; will serve our turn if il

" T/ity take rare to make their inusckn fit and strong."

breaks the chain of our undesirable thou;;hts. 'J'lie

oftener we do this the easier it becomes, until by-and-

by we tind tliat our u<fly habit of mind is <fone, aii'I

we are once more master in our own house—we ciii

choose the subjects on which we shall all<nv our thoui,dits

to dwell, 'i'his is the only trut^ freedom; there :>

no slaveiy worse than that of him who is a sla\ •

to his own evil thou<;hts. Th(- best people in th'

world are thosi; who have; thus learned by practir.

how to control tluinselves. This is beautiftdly ' -

pressed in tin- Hook of I'rovi-rbs : "He that is sd ^v

to ani,'er is better tiian the miiilitv : and he that rulc.ii

his spirit than he that taketh a city."
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A FKW friends wnt.- s|).'n(lini,' CliriHtmns t()<,'."tluT in a
couiitiy lious.. ill Kii^jla,,,!. One ov.iiin;;. al'tcr ji day
Hix'nt ill iictiv.^ aiiiuscmcnt out of d«M)rs, tlicy sat talking'
hy a l.la/in-,' fiiv, and it cliaiiwd that tli.-y lx'i,Mu to
discuss what thty \voul<l do if th.-y suddiidy Cecaino
very rich, aii<l wliat th.-y would laiy first with th«-ir

span; nioiit-y. One man was a kft-n follower of the
old Kn<,dish sport of fox-lluntin^^ and ho said ho would
buy the most splendid horses and ride after the hounds
every day when hunting,' was possible. The next man
said he would spend thousands of pounds in forniini,'

a library; he would ha\e the walls covered with the
rarest b(xJ<s, and the finest editions that money coultl
l>uy. Next came a woman, who said she loiiiji'd lo
possess lovely old furniture and china, and she would
spend a fortune in makin<; her house beautiful. An-
"tlier woman confessid that sli." wouM b.'ui,, l,y buyinjj
lieauliful clothes—silks and laers and furs.

So the iiuht-hoarted talk went round, each man and
womaii havin^r a di(H;rent idea ( f what wouM make
thrm happy if only they could attbrd it. Tli.n the
<|Uestk)n was ask.-d, what would tliey .lo n.xt ^ After
the horses and books and fiuiiituiv and dresses had

n bought and enjoyed, what would each choose as
ti.'(
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the second best cnioyiucnt ' Ai,.l tlit'ii tlic curidii-

iTsult was tliat tiny all ai^ioed ..[ton tiic saiiw I'Drin

1)1" plcasiirt'

—

iiaiiirly, travel. Next to their own s{)eei;il

liolihies, all tleclarcd tliat thf greatest |tleasurc tlnv

knew would he to travel and see l"ori'ii;n lands aiiii

peoples.

"To .see the woi'ld I " Who has not dreamed oi

doinij that orn- day or another ' What a fascination ii

has for hoys and ijirl.s—especially boys, perhaps ! To

wander from city to city and .see their .strange inhabit

ants and tlu'ir womlerful buildinj^s ; to look upon the

(jreat mountains and rivers whose nauu's we hav(! sn

often heard, or, bi'tter still, to look upon others whiel

no human eye may have seen before—for sucli pleasur

as these men have j^iven t'leir we.dth and even thiii

lives.

Few of us can j^ratifv this desii-e to "see the world,'

for forei>;n travel re<|uires much time and money. lint

our eye is not (piite shut out from this kind of pleasmv

We may never see the Khine, but we can feast our eyi--

upon pictui-es of its terraced viiu'vards and its castl«.|

cra<fs. We are more fortunate in this than o.ir anc< --

tors were, for by the art of the photographer, ami \-\

means of the optical lantern and the einemato;;ra[>h, uf

may enjoy at .sccon<l haml Innidreils of sinhts wliidi

our t-yes will lu-ver behold in their actual and piCMni

reality.

When we do travel abroad, and pictiu'es of ni «

places and strange scenes delight our eye, we olV •!

Ciirry with us a camera and take many ''snapshci^

of what w<' see. so that when we are back in oiu' hi>i

aj^ain we ma}' have the powei- of recalliii<; moi'e vivi'l y

what we see and <'nioy. The i-eal scene will be i
'

away, but the photd'jr.ipli will call it up ;ii^;iin in ' r
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iiiiatjination, aiul will also lu-lp in some (l<'<,'rfo to iiiakr

our friends see what we saw upon our_ travels.

The phototjraphic camera is a useful servant of th.-

eye. But perhaps you do not know that the eye and
the catiiera are very like each otlier in their struotuiv
and their way of dealintf with the light which makes
up a i)icture. When you look at anytliinjj you turn
your eyes so tluit the light enters and makes a pictnn-
of the object at the back of your eye, and this picture
is somenow impressed upon the brain, and thus you sr,.

In the camera, light from the object enters and makt^
a picture upon the screen, or upon the sensitive plate

or tilm which you jmt in to

receive it
;

you " develop
"

and "fix" this picture niailr
LENS

])y ^j,g j..jyj^ ^^f light, and it

becomes permanent. The evr

PLATE

IS livin

IHiiijmm of photogrnjthif ciniwrii.

Sdlf the letii in front ninl tin

1>I<U( at thr huk.

g camera ; tli

camera is a mechanical eye
The word camera meativ

a chandjer or room ; thr
lull name is cah,r,-n uhscara, whieli means a dark
ehamlier. The photographic camera is a })ox into
which no light can enttT except through the openin-
HI front where the lens is placed, and this ot)eniii^
can be clos.-d by means of a shatter. It has also aii

ariangenicnt whieli w." call a diaphragm or stop fnr

making the opening smaller or larger according as llir

light outside is strong or weak. The inside of Ihe box
IS black, so that no stray beams may be rc'Hected from
one part of it to another. The lens bends the ray-
of light whieh we allow to enter so that a ch'ar an.i

sliarp picture may fall on the plate at the back <.f tli.

camera. This plate is coated with a specially pivpjin.l
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sul)stanco, «iii which every ray of liirht leaves its trace,

ami so the picture wliich falls on the phite can lie

c.uit,'lit an<l preserved.

The arranjrenient of the parts of the eye we shall
tind to l)e very like that

of the camera. It is

round in shape, which is

much more convenient

than if it were scjuare

;

hut like the camera, it

is dark insi-Ie. Lirht

enters only at the front

openiiiLj, where we shall

tind a shutter, a lens,

and a stop, and the Di,„jra,„ of iy, in lectio,,. Comp.,re

Iii,da paints a picture IxJ^'Hioii of hn-i ami retimi with Uie

, ~ , plioto<jriiiihic camiru.
Upon a wonderlul screen

at the hack—more wonderful than even the sensitive

plate of the camera.

The eye is a very delicate structure, and must he
cai-efull}' tjuarded from injury,

Jt is placed in a hony socket

in the skull, which protects it

on every side except in front.

There it has the protection of

the rtfclld.-i, which act as a
defence from injury and as *a

shutter to keep t)ut linht. T\ui

eyelids have a friiiyc of hairs

called the r;/rl,isf,r.s^ which help
to keep out dust fr..in liie eye. If you wjitch C.irefullv
tin

Exkriiiil rii w of iji/t .

i/ye of a frien.l, you will see that the eyelids a le
never lon«' still. Every few moments they move
lui.'kly over the o\' ^luitti

. f

nil aiiil i{)rtni liT aii'iiin so
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(piickly that the person is scarcoly aware of the

Movomt'iit. This l"n'([uejit winkinj; of the eyelid.s

kei'pH the flout of the eye free from (hist.

The tcdt't^ also cleanse tlie eye. This does not mean

tliat you nuist ery now and then in order to keep the

front windows of your eyes cK'an. Even when you are

perfectly happy tiu-re is a small quantity of water

Howint; over the surface of the eye. It is produced

hy a gland in the corner of the eye, and escapes

hy a small pipe or canal hito the nose. What
we call " tears " is the overliowin*; of this water,

when the inland is irritated or stimulated so as

to produce more tli.'.n the canal can lead away into

the nose.

The eye itself is, as we said, a round box. The
coverini; of this \h>s. is (piite tirm. It is white in

colour except in front, where it is clear or transparent,

to allow the lij^ht to enter the eye. This white cover-

intr has a black Iinin<j inside, just as a camera has.

Towards the front, where the white wall of the eye

becomes transparent, this black linin<^ chan<;es into the

coloui'ed curtain which you see throu<;h the clear part

of the eye. It is this curtain which ijives its colour to

the eye. When a boy has dark bnjwn eyes, it means

that there is a i;reat deal of colourinijf matter in his

eye-curtains; if he has blue eyes, there is less coloiu'int;

matter present.

On account of its colours and its shape, this curtain

is called the /y/x, which is the Latin name for the

rainbow. Its use in the eye is much the same as that

of tlu' stop or dia])hra<^m in tin- camei'a. The round

opening; in the curtaiii is calleil the fmpH. When the

lit,dit is Itrjoht. the opr-iiin^ contracts so that too nmch

lij^hl may not i-uler the eye. When tlie light is dim,
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the curtain is drawn back a littlo so as to leave ,i

larger openin<j.

Close behind the curtain is the lens of the eye. It

is made of a clear glass-like substance which bends tli(>

rays of light just as the lens of a camera does, and

makes them meet so as to form a distinct picture. Thf
space behind the lens is tilled with a clear watery fluid.

At the back of the eye, spread over

the dark lining, is the sensitive

screen upon which the picture is

formed by the light. This screcMi

is called the rethui.

The retina is the part which re-

ceives all messages of sight and

transmits them to the brain. It

consists of the nerve endinirs of tlie

nerves of sight, which are specially

adapted to receive messages of sight

only. When a picture falls upon

the retina, nerve messages are sent

to the brain from all the parts of
Section throtujh the i.-i : t • , c i- i .

retina sho,^.vg the
^'"^ screen on wnich rays of light

special wrvc endings are falling, and the.se messages are
altoK and nerve cr/ls i i ^i i • n ,

befnw, with fihrrs
received by the brain cells, so that

jxissing to th£ optic we become aware of them, or " see
"

nerve.
, .

the various parts of the picture.

In the camera we put a sensitive plate on which \V(

can 'fix" the picture, and we can take copies of tlii-

and look at tlunn when we please. In the eye, how
ever, when we close the shutter, the picture is gone; ..;

when we turn the eye from one thing to another tli.

scene changes from moment to moment .-is on a cineni.u

ograph screen, and no trace is left behind upon t!.

retina. But tlie picture is not really gone. It is stm. !
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up in 801110 mysterious way, and can be thrown upon
the screen of memory by the action of those wonderful
cells in the brain.

Suppose that you have been to see the Falls of

Niagara, and after you come home some one asks you
what they were like. The cjuestion calls up in your
mind the pictures which your eye received while you
were there. Again, in memory you walk up along the

side of the river, and you behold that ceaseless flood of

water pouring down into the foaming gulf below. You
see the columns of white mist arise, with broken
patches of rainbow gleaming here and there upon them,
and the eddies of green foam-flecked water where the

tiny " Maid of the Mist " puffs and struggles against the
current. Your memory becomes a cinematograph
screen, and it is a screen which not only displays the
pictures again, but also arouses those feelings of admira-
tion ami wonder which the stupendous sight called

up in your mind. You forget for the time the pic-

tures which are now falling upon your retina. You
may even close your eyes as you think upon that
wonderful scene, in order that nothing may distract

your attention from your memory pictures. This is one
of the best uses of a holiday—to store the memory
with pictures which will remain with us all our life,

and enrich our mind with a private picture gallery of

our own. And since those pictures remain in the very
fibre of our brain, an<l iivo ready at any time to throw
themselves upon the screen of memory, Me shoulti be
very careful to avoid all ])ictures of evil and wrong-
doing which would spoil our collection, ami make our
picture gallery a source of pain rather than pleasure.

Tf you have a camera of your own, or if you have
ever helped to take photographs, you know what a

» f
'
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trouble it is Hoiiietiiiu's to ;;tt the jticturo sharp miiI

clear. Thiiiifs which arc too near the lens are hhnii 'i

ami indistinct. When ymi alter the {tosition of tin

lens .so as to "focus" these and make them clear, tli.

more distant thin<,fs become binned. The eye nui>!

"focu.s" the objects in its picture too. We can look

•il
II

In thin photograph the ftook is in forn-i and the vuip tuliind it ix indislir

at the book in our hand and .see every letter on its pjiL;

clear and di.stinct. We can then look past the book \

the other side of the room or of the street, and see llin

distinctly. I>ut we cannot .see both clearly at the s.-uh

time. When we look out of the window over our Imkj'

the book is blurrt-d and in<listinct ; and when we lonk

the book, the distant view is out of focus. But v,
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}iavo no trotil)!.' with tin- f.)cu,ssin<r. The oye mljnsts
itself Jit oiicL- to the .h".stance of the ohject without our
knowin<r anythiii^r of the chim^re. It is only when we
try to look at n thin^' too ne.-ir that we have an uneasy
feeiin.,' in the eye as it strains to alter its focus. The
focussing' is «lone hy small muscles within the eye.

In Ihi-H pirliin Ih, ma/, m in fofn-s and the book U indixtinct

There are alsu iiiu.s.-|,.s nttaeh.,1 to the outside of the
eye l.y which we can turn it upwards ..r downwards,
and from sid.; to side, without movinu- tiie head.

In the camera we can take only one picture on each
plate. On the retina, as we haw seen, an intinite
•iHiiiher ol pictures are lallin.ir throuul.out our wakin^r
horns, and each of tii.-se is pa.ssed on hy the nerves Co
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tho brain. Tlu' retina doos j^t^t tired at times, but all

that it needs to restore it is a sliort rest with eyi >

closed, or, better still, a sleep. Then it is ready onci-

more for the en<lless stream of pictures which i)our in

upon our vision.

Perhaps you have thou;^ht of one difference between

the pictures on the n-tina and the pictures in a canieia

—the eye taki's all its pictures in colour, and not

in mere black and white. But the picture in tlif

camera is in colour too, as you may see upon the screen

Tlmr r'ji/.i o/ liijht itrr hi iit lii/ the h n.i of the ci/c (a) and focusiud im
the rititul (I)).

of a foeussini; camera. The; pity is that we have nol

yet found a really satisfactory way of fixing thusr

colours upon the plate. Some day, perhaps, one of you

may invent a simple way of preserving upon the photo-

graphic plate all the colours that the light paints there

just as your memory pictures preserve not only tlif

outline's of what you see but all the wealth of colour

which the eye beholds.

Since the eye is of so much us<> to us, and is .ilsn ,i

very delicate organ, it is important that we should t.il

good can^ of our eyes, and .ivoid anything which wniili

injure them or spoil their power t)f seeing. You kn.'

•

that many peopl^' wfar glasses of one kind or anotli. .

Old people usually need gl.isses, because the eye cliani,

wheji one m-ts old and cannot focus near objects .so \\ •

'

Many children need glus.ses. All eyes do not fo(
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equally well or with ocpial fasu, and thero me some
peoples who do not see so olenrly jim others when looking
at thing's thnt are either close at hand or far away. In
such cases we can make the w<jrk of the eye more easy
hy lettin;r the light pa,s.s through a glass lens hefore it

reaches tlie lens of the e^-e, and thus giving the eye less

to do in hending and focussing the rays.

" Jt IS c, ri/ fuiil fur till ii/i.i 1,1 l,<in n stnniij liijlil dtnrtlii in
jrniit "

(p. -J.VJ).

Glasses of tlie right kind give nnicli help to the eye,
l)iit those of tlie Mrong kind are very harmful. It
often hapi)ens that a person has one eye weaker than
ili(! other, and that c-jh eye needs a ditiorent kiml of
''tis. It is a v.-iy ditHeuk inattv r to tell exactly what
kind of glasses will help one whose si-at is not good,
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uimI only those who hivvc Httidieil the suhjcct arc al)lt' td

julvise us alxMit it. iJcfort! \is\u<f ^ilasscs of any kinW

wo should couMuIt a doctor who liiis made a HjK't'ial study

of the eye.

Sometimes the eye is injured I)}' things ;;ettinfj intn

it, or is entirely (lestroyed hy some accident. In mir

games we .sliould avoid any rou;;h play which niij,dit

cause injury of this kind. We oU!.fhl never io throw

anythinij in the face of a companion, or to strike one

in sucli a way as to endanijer the eye. Seriotis acci-

dents often happen, even 'it .school, tliroujjh candess (ii

roufjh play and without any evil intt'iition.

Hut l)oys and j^irls tisually do more harm to their

own eyes than to those of their companions. They

often sit reading in a bad light, or tliey lie on a coucli

or a cliair with their head leaning in an awkwaid

position, so that the eye cannot easily follow the lims

on the page. P»,'ople often sit reading in a dim liglit

rather than trouble to move nearer the window or to

light the gas. When writing it is still more important

that we should have the light falling ])roperly upon tlir

page. The light should conies over the left shouldri

so that We do not see any sha<low cast hy the haii'l

and the pen. If the li;^ht comes from the right, tin

shadow prevents our seeing clearly what we aiv

doing. It is very bad for the eyes to have a .stmiiL;

light directly in front.

It is in altering the form of the lens so as ti

focus near objects tiiat the eye has njost work to d"

On this account we should not sit too long at i

time doing " near work," such as reading or .sewini;

The smaller the type or the finer the sewing, the great.

is the fatigue caused to tlie eyes, 'i'hey begin i

feel tired, and alrao.st in spite of ourselves we tiud ul.
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»yos l(K)kin^r ovor tho top of our b(jok to Hoinethin^
iiioro (listiuit, ill onl»!r to rest for a inoiiu'iit those .small
luUHcIcH tliut focus tho lujiirer objects.

You know tliiit the curtain or iris shuts out some
lijjhl l.y nmkin<r tho pupil smaller when there is strong
Hunshin(( or a bright ^'laro from the snow. People who
are much out of dcKjrs in such light, however, must
often Wear a kin«l of spectacles to scn-en the eyes, and
if they do not they may stitler from the painful trouble
of Hnow blindneas. I'sually wo can U'. out of dofjrs all

day without fatigue to the eyes. The green of the
trees and the grass is restful, and we are not fatigued
with looking too close at things.

We should take account of tljo needs of the eye in
arranging our hoti.se.s. The colour of the walls should
be (juiet and re.stful, like the colours out of doors, and
not too dark and dingy. The light should 1)0 arranged
so as to fall suitably upon the work which we may Ijo

doing. AH our surroundings should be bright and
cheerful, for though we may give no heed to many
of the pictures which our eye is con.stantly receiv-
ing, yet the.se pictures do nmch to make our general
feeling pleasjint and agreeable, and thus they actually
promote our general health. Grand hou.ses or costly
furniture and ornaments are not needed for this.

There is no more Iwautiful room pos.sible than a simple,
clean, and comfortable cottage kitchen. A l)oyhood or
girlhood pa.s,sed in sueh a hon»e makes (me rich in the
best kind of memory pictures in after life.

. f

(i,:ui) 15
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CHAPTER XXII

THE EAR

Some little time a«;o a lady who had bf^on out shoppinu

found a telof^rain awaitini; her on her return. She

picked up the familiar envelope, and unfolded the thin

paper with its typewritten niessiij^e. Her face lijjhtt .1

up with interest as she read the words, " Boat delayed :

arrive Thursday." Alx>ve this were the heading " Caix

Race Wireless" and the name of a steamship, and this

was almost as interestin^j as the message ; it was the

first wireless message or " Mareonigram " that she had

ever received, and it stirred her imagination to pictuie

out the whole history of that wonderful telegram.

Her friend was crossing from the Old Country, and

would shortly arrive at Quebec ; she had indeed made an

appointment to meet her in Toronto on Thursday. t)n

the open ocean, however, something had happened which

made this impossible. Head winds and seas may ha\r

kept the steamer back, or time may have been lost by

fog coming on. But now the weather was fair agaii.

and the boat was nearing land; her friend theref. !•

decided to send a wireless message telling wlun si

might be expected.

The lady pictured to herself the ship plougliii:

through the great ocean waves, <tr creeping caution
'

through a thick bank of fog where iceber^js luiyhi
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Cros.iing from the Old CoutUr;/ " (p. '2'A). Nott the ttm long wiVt.v
stntchituj from iiuisl to wist: thtij art tin "c/r" 0/ the ship, and
cult It llu: dtclriC loiiixn «/ iLHrcltnn itttgraphy.
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lyiiifj in wait. Then tho dt^lay bcin^ past she .sau tin-

niessjijfc written out and handed to tlie wireless operator

in his httle cahiu hi^^h up on the topmost dock. Slic

heard the mysterious crackling; and snappin<ir soumls

which told of eh'ctric waves bein<; sent away far over

the sea. Ho.v stranjje it seemed that her own name
ami address and this simple messaj^e from her frit'iid

should he thus thrown out into space for some other

wireless operator to receive, it mi^lit be liundre<ls of

miles away 1 Then she saw the lonely JMarconi station

perched upon the Newfoundland shore, with its watchful

attendant waiting to catch up every electrical impulse

which came streaming in upon his receiver. There the

series of wav(!S which spell out the message had been

caught and interpi'eted.

l^ut they had not yet reached her. The message was

now lianded to another operator and sent on as an

ordinary telegram ; the electric sigfials now travelled

along solid wires, in submarine cable or on telegraph

poles, until they reached the telegraph office neai-

her home, and were there translated into letters aii<l

words. These words conveyed the meaning which had

been in her friend's mind, and so by means of this

wonderful process a tlnmifht had travelled from one

j)erson to another across hundreds of miles of space.

" It is very wonderful," the lady said to herself ;
" btit

what makes it .seem so wonderful is the great distance

which those electric waves can travel. In other respects

it is very like wluit happens wlu-n one hears the words

which are spoken by another." This is (juite true. To

a person who had no knowledge of sound or of bearing,

it would seem like a miracle if you could tell him what

was ifoinsr on outside, or who was in the next room, Ii\

the use of tlie ear. We have u somewhat similar feeling
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of wondor at being nblo to send wireless messages to

sliips and to places far beyond the horizon. When we
exannne the structure of the ear, we shall find that there

are several ways in which its action resembles the

receiving of wireless me.ssasfes.

What we usually call the " ear " is the flap-like struc-

ture which projects from the side of the head. This is

" The wireless operator tn his little cabin " (p. 250). The
Marconi xitjnal-room >n board a nutn-of-iatr.

merely a sound-collector, and acts like the ear-trumpet

wliich some old peoj)le use. This natural car-trumpet

of the human ear is much less useful than that of some
of the lower animals. Whi'n your little bn'tlier listen.s

very eagerly, you sometimes say he " pricks up his ears."

but probably he could not really prick up his ears if he

I I
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tried. Some people can move their earH a littl«s however;

there are muscles under the skin which were once used

for tliis purpos.*, no doubt, but they liave become small

and feeble tiirough luck of use. We do not need to

listen so keenly to every sound as our sava<^(! forefatheis

did; our enemies are not alway- on the j)rowl to fall

upon us unheard. If you watch tlie ears of a doi; or of

a horse, however, you vill see how their ear-trumpet

moves so as to meet and gather up the sounds, and to let

the animal know from what direction they are comin<;.

But what do we mean by collectintj noiinds? What
is it that the ear-trumpet really gathers up '( A sounil

is produced by the rapid vibrrMon or to-and-fro move-

ment of some sounding body; this vibration sets the air

in motion in a similar way, each movement of the body

sending out a wave througli the air, just as you see a

ripple sent out from the place where you drop a stone

into a smooth pool. The stone makes the water move
up and down in a wave motion ; the particles of air

11. jve backwards and forwards in forming the waves

which produce sound.

When a bell rings, the clapper strikes the side

of the bell and makes it vibrate or shake. The

strings of a violin vibrate when the bow is drawn

across tiiem. The liuman voice is produced by tin;

vibrating of the vocal cords as the breath is forced

through between them. All hose movements set up

waves in the air by which the sound is carried in every

directioiu The Marconi or other wireless ttilegrapli

instrument also sends out waves ; these are electric

waves, and travel much more (piickly tiiaii the sound-

waves travel through the air. In lioth cases, however,

it is the iiud't's which convey signals to a <listance, and

80 both are wireless messajfes.

-'cur/ar^vt
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Tlio sound waves or vibrations in the air are collecte<l

by the outer car, and are thus passed on into the canal

or tube which runs inwards from it. In the skin which

hnos this canal there are cells which produce a substance

called wax. The wax of the ear acts as a protection, as

" The londy Marconi station perched upon the Newfonndland shore" (p. 256).

Cape Haft Lighthouse and Marconi tower.

it entangles any small insects which may get into the

canal of the vnv. The small, stiff hairs which grow at

its outer en<l are useful in the same way.

The inner end of this canal is closed by a membrane

which is tightly stretched across it. This meinbrane is

called the Jrmn of the ear. As the sound waves strike

against it tliey make it vibrate or swing to and fro, just

as the body did which produced the sound waves. The

. f I
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progress of the waves up to this point has been like that

of the electric waves of the wireless telej^raph. When
yonr mother speaks to you across the room, sound waves

are sent out by her voice which are caught up by your

outer ear and passed on to the drum, just as tlie electric

waves were sent out by the

telegraph operator on the ship

and received by the operator at

Cape Race.

That operator, as we have

seen, sent on the message to

its destination by means of a

wire or cable. Our ear does

something very similar. From
the drum the vibrations pass to

the brain through an arrange-

ment which acts the part of a

telegraph wnre. The instru-

ment used by the telegraph

operator would seem to us very

hard to understand. The receiving and transmitting

parts of the ear are also somewhat complicated, but

we nmst try to understand their working.

The receiving part, as we have said, is the drum. Its

The outer ear with the canal

in section, showing the drum.

• tt* « • * t •»

"

" The partide/i of air moiv hnchionrds and forwards in forming
the waves which produce sound " (p. 257).

proper vibration depends upon its being tightly stretched,

and being free to move under the inipulse of each sound

wave. On this account it must have the same pressure
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of air on the inside as on the outside. The chamber

which lies on the inner side of the drum has, there-

fore, free cominuniciition with the air by means

of a tube which pusses to the upper part of the

throat. Sometimes, wlien we have a cold or a swollen

throat, there is an unpleasjint feeling in our ear, and we
do not hear well. That is because this tube is closed

up by the swellini;, and the air cannot pass freely to the

chamber of the ear which lies beyond the drum.

When this happens, the drum does not vibi-ate freely

to the sound waves.

The bony box or chamber

of which we have spoken, and

which lies beyond the drum,

is called the m'uhlle ear.

Stretching across the middle

ear, from the drum inwards,

is a chain of three Ixines. On
account of their shape, these

bones have been called by

Latin names which mean the

Jiammer, the anvil, and the

Hfinrup. The hammer bone is attached to the drum,

and when the drum vibrates the hammer vibrates too.

Thus the vibrations pass alon<( the chain of bones to

the inner ear.

The inner ear is a bony chamber which is filled by a

watery fluid, and the stirrup bone fits into its wall and
transmits the sound vibrations to this fluid. We can

scarcely describe the inner ear as a l)ox, as in the case

of the middle ear ; it is rather a maze of canals filled

with fluid. The chief part of the maze is sliaped like

the shell of a snail, and on account of its spiral shape is

named the cochlea, a Liitin wortl which means a snail.

Diagram of the middle ear. Note
on the left the canal of the outer
ear, and on the right the tube
which leads downwards to the

throat.
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In this is a platform or partition with a larpe nnmhor

of cells, and amon^ these are the eii(lin{,'H of tht;

nerves of sound or hearing;, which are the central

receivers of the sound vibrations.

You see, then, what an elaborate instrument the

human ear is. The sound waves give rise to move-

ments of the drum, and these produce movements of

the chain of bones in the middle ear; in the inner

ear these movenients are carried by the fluid to the

endings of the nerves, which then convey the sensa-

tions to the brain. Tlu'se nerves carry messages of

sound. Like the nerves of sight, they convey messag. s

of one kind only. By means of these nerves, then,

the message reaches the brain. Outside the ear it is

transmitted by " wireless ;

"

from the drum of the ear

inwards it is carried by a

special telegraph line built up

of bone, fluid, and nerve.

A diagram of the inner ear

shows some parts which we

have not yet mentioned. Near

the spiral chamber there aiv

three semicircular caaals,

which are also filled with

fluid. These canals do not

seem to hav.^ anything to <!<•

with hearing. Not very long ago, however, it was foun-l

out that they have a special duty of their own. Th<y

are concerned with the balancing of the body. It

by means of messages sent from the nerves of these canals

to the brain that we can tell the position in which our

head is placed—wh<>thpr upright or lying dowji.

This complex and delicate organ may be easily

Diagram of the inner ear : on the

right the cochlea, laid open;

and on the left the semi-

circular canals, the two nearer

also laid open.

IS
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injun'»l, aiul it is ^'onerully impossible to ropair any

injury it may receive. How can we avoid hurt to the

ear? In the first phice, we can prevent anything get-

ting into tlie canal of the outer ear. Children sometimes

push thing's into their ears, such as beads or the end of

a pencil. This may injure the thin and tightly stretched

"" «u - '•<

Vertical section through the cochlea. Note the purtition or jiatjorm

with the cMa and nerve ciidhiga.

membrane of the drum, and if the drum is destroyed

the hearing is lost.

We must never, even in play, Btrike any one on the

ear. A slight blow is sometimes enough to damage the

delicate structures within. We must remember that

disease in the throat may cause injury to the ear; a

common cause of deafness is a swollen condition of the

throat which prevents free entrance of the air into the

middle ear. Son etinies wax collects and hardens in

the outer car and blocks up the canal, preventing the

free passage of the waves of sound. When this happens,

the wax must be very carefully removed by syringing

with wann water, and not by any use of 'orce.

Can we hear or not hear, acconling as we wish ? We
cannot shut our ears to sound as we can shut our eyes

to liifht, but we can IIkIch or ruit lisfi^n to the sounds

and voices that fall upon our ears, and that comes to
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much the same thing. More than that, hearinj; is an

art which does not come by nature, but must Iw learncii

and practised. If we hayk at a chiss in school or u

fjrown-uj) audience at a lecture, we shall see that many

Seetitin of air, showing the general urrangtmcnt of pitrtn.

iinlividuals are not following attentively what is b«'in;,'

s[)oken. Prob.il)ly thoy vn'on to listen, but they have

not learned how to listen. That recjuires the habit of

attention. We can only listen to one thing at a tiiuf,

however many sounds may be falling upon our cms,

and we ought to form the habit of keeping on listening

to the one thing which we select, and not allowing tin

attention to wander aimlessly among the crowd of oth. t

sounds and sigl ts which are trying to force themselvt s

upon our notice. To listen well means that we can

" turn a deaf ear " to the things which would distract u>.



CHAPTER XXill

TOUCH, TASTE, AND SMKLL

Have you ev«'r tJu)u<;ht wliat tlio world must be like

to thos«! who are blind? ihoy live in what we call

darkness, but darkness is not the same to them as it

is to us. Darkness is the alisenct^ of li^ht, but they

cannot feel the ahxencr of liijht if thev do not know
anything alxjut light. Their world has none of the

sensations which come from light or colour. It is not

by their fjices that they reci»gni/e their friends, but

they recognize them (juickly by other signs which you

would never notice. We trust so much to our eyes

that we often neglect the messages which conie from

our other senses.

Blind people are usually very cheerful and happy.

One gate of the mind is closed, but they make the

most of the sensations which enter by the other gates.

In schools for the blind, the children learn as many
leasons as you do—perhaps more. They read and

write and count, and learn geogi-aphy and other subjects

just as you do. Of course they hvirn in a different

way. All tlu;ir knowledge nmst come by the gateway

of the ear, or by tli.it of touch, or by taste and smell.

What seems most wonderful alxiut the learning of these

children is the way in which they use the sense of

touch to make up for the want of sight.

.^ r
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If wo listen to a blind boy roiulin^'. tlit're is notliiri;^

to tell us that ho is not l<H)kinj{ at tho jmi^jo of lii>

book just as wo do oursolvcs. Lit us watch him aii<l

HOC how ho cloes it. We notice that he runs his tin<,'(Ms

aloni; the lino beft)re he b<.'<;in8 to read, just as wr

j;lance at tho words th; ^ are coming before wo actually

say them. The l)<K)k, however, is (juito different from

our books. The letters are not formed in black ink

upon white paper; they are raised or endxtased ho th.it

they can be felt with the tinjjers. Tluy are difFerently

Hhaped in most cases, t(K), and have a simple.' form.

When the blind boy learns a letter, ho moves his

finjjers along its outline, and tho messjiges of touch

and of tinjjer movement are sent to tho brain, and

HO its form is known and rememlxired ; next time the

letter is met with, tho toucii of the finger calls up the

memory of what had been learned. You learned these

things by tho sense of sight. Your eye moved along

the outline of the new letter, and niessagea of light

and of eye movement were sent to the brain. The

chief difference is that for the Ijlind the messages of

touch must take tho place of the messages of light.

You may have heard it said that blind people hav.-

a keener sense of hearing and touch and smell than

other people. That is not tho case, but they have

learned to (ifffixl more closely to the measjiges of these

senses. A blind person can tell a great deal about

a thing from merely touching it.

It is nuirvellous, indeed, how much can be learneii

by means of tho sense of touch. Lsiura Bridgman w.s

a New Hampshire girl who at the age of two years

had a severe illness and lost the sense of hearing, tasii

,

and smell, as well ns the power of speech. She a I-"

beoune almost blind, being only able to see a litl!
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with one eye, niid at the ut^e of ei«(ht even this power
WU8 lost. The st'iiHC of touch alone remained to convey
nie.ssajjes to lu-r mind from the world without. Her
education had to be carried on throu^di the tijw of her
finjj'ers. She learned the names of tilings by the use
of raised letters. IJy menn.s of her tiiifjers also she
learned to write and to spc-ak. She learned arithmetic,

and we are told th.it after nineteen days she could add
a column of fij^nreH amounting' to thirty. She also

studied algebra, and ffoocrraphy and history. She kept
a jounial, and wrote iKxims. She learned needlework
and otluT domestic employments.

Helen Keller of Alabvma also lost through illness

the senses of sight, hearing, taste, and smell, the sensu

of touch b<'ing the only gateway of knowledge left to

her. Not oidy did this girl learn all the subjects

usually taught at school, but she was a very successful

student at college. She studied English, French, Ger-
man, Latin, and (ireek, and has written several interest-

ing books, in one of which she tells the story of her
own life, with its brave struggle against her dreadful
difficulties.

All the senses are alike in this, that through them
messivges aie pjvssed in to the brain. In each cjvse

there is a nerve ending which receives a special kind
of stinnilus or messjige, aiid a nerve which conveys
this message to the biain cells. The difference between
one sense and another lies in the kind of nerve endings
which it employs and the kind of message which these

receive. Thus the eye is merely a collection of special

cells which receive messages of sight, and the ear is

a collection of cells which receive messages of hearing.

Light falls upon the whole ImmIv, but cnily the nerve
endiuga iu the retina are atlocted by it; sound-waves

r
*
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strike a;,'ainst ihe whole body, but only the nerve

endings in the ear receive the sensation of sound from

them.

The nerve endings which receive sensations of toticli

are not confined to one part of the body, as with the

other senses. It seems to us as if it were by means

of the skin that we receive these messa/.os, but the

whole of the skin is not sensitive to touch. When ii

portion of the skin is exam-

ined under the microscope,

there are seen certain snmll

oval Ixxlies which aie tlu;

nerve endings of the nerves

of touch. They are called

touch corpuscles. When the

skin comes in contact with

any object, these small cor-

puscles are pressed upon, and

they send messages along

their nerves to the brain.

So by the pressure on these ljo<lies we can tell

whether the thing we touch is rough or smooth, hard

or soft, sharp or blunt. We can also tell what part

of our "t)ody the messages are coming from.

All parts of the skin arc not etjually well supplied

with nerves of touch, and so the acnteness of the sens(^

differs greatly in difierent parts of the body. Tht;

sense is much more acute, for exampl ', in the tips of

the fingers than on the Iwvck of the neck. If yn
touch the finger tip of a friend with two ])encils, whil'^

he keeps his eyes shut, he can always teU that ther-

are two points, howtsvor close you may hold them

t«)getlier. If you touch him in the same way on tin

back of the neck, he will not be able to feel that ther.

Section of nuUr nkin xhowing a
touch curpusck.
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are two jKiints unless yoij hold them nearly an

inch apart. You liave always known that your

fingers and hands ai-e the best parts to feel any
object with, but perhaps you did not know the reason

before.

Tliere are certain otluT nerve messages whicli come
to the brain from the skin. They are not messages

of touch, strictly speaking, but they tell us certain

facts about our surroundings or al>(jut the lM)dy itself.

Pain is one of those niessai'es. It is a niessjiife of

discomfort either from the surface or from the internal

parts of the Ixxly. Other messjiges are those of heat

and cold, which are sent in from the skin. We usually

think of cold as being merely the want of heat, but

to the .skin a fei-ling of C(jld is tpiito a distinct thing.

There are certain parts of the skin which .send in

me.ss}iges of lieat, and other pai-ts which send in

nie.s.sjiges of cold. The sense of h'at an'<l cold is very

une(iually distributed over the b«>ly, just as we saw
the si'nse of touch to be. Jf you have ever watched

a nui-se making a poultice, you may have noticed tliat

she holds it to her cheek to test its heat. A laundry-

maid will also hold her sin(K Uiing-iron near her face

to judge whether it is hot <'nough.

There are also nerve messages constantly passing to

the brain from the nniscles and the joints. These

messages tell of the ])ositi<tn and the movements of

parts of the l)ody. Shut your eyes, and get a frien<l

to put your arm info any position
; you will find that,

even with your eyes shut, you can tell exactly how
your arm is placed. You cm say, " My right arm is

bent up at the ellx)W," or " .My hand has been closed,"

ju.st as smvly as if you wei-e watehiiig with your eyes.

Tlie nerves which carry these messages are distinct

(1,791) IG
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near the back yirt.
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from the nerves of touch, and wc speak of the messages

which they bring as the vimcle sense.

The sense of taste is located

in the mouth, especially ia the

tongue. The tongue is covered

on its upper surface with small

projections, and at the bav^k part

there are larger projections oi

pitpilla', which have a sunk

ring or trench round them. On

the sides of these papilUe are

the receivers or nerve endings

of the nerves of taste. They

are formed of groups of special

cells arranged in the form of a
"

bud, and are known as taste

halL BeHi«les being found on

the sides of the papillw, taste

bulbs are found ( the palate

and on the epiglottis—the lid-

like structure which shuts ovei'

Section of a papillfi.^oith taste the larynx.

W6« in the sunk rirj. 'pij^ thing tasted IS dissolved

by the fluids of the mouth, and thus

comes in contact with the taste bulbs.

There are really four difl'erent kinds of

taste messages which these bull)s send

to the brain—the tastos which we call

aiveet, sour, salt, and tnttcr. In addi-

tion, we can detect a large number oi

different flavours in our f(H)d and

drink—diflr .'nt kin.ls of sweetness or

sourness, and the like-and we nnagme that tlH.^

ilttvours are also perceived by the sense of tast.

Section of a ttuiU

bvlb.
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This is a mistake, however. Flavour is detected by

tha sense of smell.

When we have a ba.l cold which interferes with our

sense of smell, we usually find that nothing we eat has

its proper taste. It is not the sense of taste, however,

but smell wliich the cold has put out of order. Some-

times we confuse taste with touch, for there are nerve

endings of touch in the mouth too. When we speak

of something having a " gritty " taste we do not really

mean that we taste its roughness. We distinguish

roughness or grittiness by touch.

You can find out by simple experiments hew much

of what you call taste is really smell. Hold your nose

tight so that no breath passes through it, and you have

no sense of smell. Put into your mouth first a bit of

orange, then of apple, and then of turnip. You can

feel the orange different fiom the others because it is

soft and pulpy. The apple and the turnip, however,

are so much alike that you cannot distinguish between

them until you release your nostrils, and then you

perceive at once the difierence of flavour. It is im-

possible even to recognize a bit of onion by the taste

alone while the nose is thus compressed.

Although we reciuve from the sense of sniell a great

deal of what we usually call taste, yet the sense of

tast« itself is very acute with respect to the qualities

which belong to its sphere It can detect a very slight

degree of bittornl'^;s, for example. There is a very

bitter poisonous drug called strychnine ; we can detect

the bitter taste of this snbstixnc«> even when it is

diluted with two million tii.ios its own bulk of water.

The sense of taste is of s(»ne us» as a guide in

choosing food, but it is by no uwtuw a sufiicient guide

JUS to what is beneficial and what is harmful to the

• f
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Ixxiy. It sonit'tiiins Iimiuhmis, for exaiiipU', tlmt food

clum^vs so inuch with kfopiiijf tlmt it hccoiiifH lii<,'lily

poisonous, aii<l yrt this clifiiigf c.iniiot bt- detected by

tast.'.

Till' u.TVfs of siu.-ll hav.' thfir special nerve eiidinjjs

ill the nose. Thf uppei- part of the eavities of tlut

nose are lined with a thick niein-

l)iant» in which are cells with

hair-like out<,'rowths. It is in

connection with these cells that

we tind the nerve ,endin<fs of

the neivfs of smell. The smell

of any odorous substance is due

to minute particles of vapour

which ])ass from it into the air.

'i'hese particles strike a<,'ainst the

nerve endings in the nose and

excilf thrill, <,'ivi:i;L; 'ii^"' t" t'"' si-nsation of smell.

Some siiuHs are extremely peisistciit ; a very small

(|uantity of musk, for instance, will retain its odour

for years.

We do not make much use of the sense of smell,

and in man it is v.-iy ]M»orly develope<l as compared

with manv animals. Where beasts of jnt-y are lound,

it is th'' seiisf of siiH'll which they chieily ns(^ in

trackinjf their pr.y, while tlir hunted animal ofttn

trusts for safety to th.- kr.nness of its se.-nt in L,dvin*,'

warning of the <'iH'my.

Sirtioii <if luisf, showiii'i

mmmm





CHAPTER XXIV

EXERCISE

The ancient Greeks worshipped many gods. The

names of some of them, either in tlie Greek or the Latin

form, are familiar to us to-day, such as Jove or Jupiter,

Apollo, Merrtiry, and Venus. Many of their gods were

a kind of poetical personi-

fication of natural objects

or powers ; Jupiter with

his thunderbolts was the

god of the sky, Apollo the

sun-god, and so on. Among
their gods was one i^scula-

pius, who was worshipped

as the god of health and

healing. Some said that

iEsculapius was the son of

Apollo, the sun-g(xl ; this

was their poetical way of
Hygieia, tfw god-i -- >/ health.

saying that good health depen<ls much upon sunshine.

We put the same truth in a more scientific way wlit-n

we say that sunshine kills the germs of disease.

y^sculapius, according to the old Greek myth, had

four daughters whose names meant " Health," " Bright-

ness," " Recovery," and " Cure-all." After a time the

goddess " Health," or Hyfjicin, as her name was in

'.>r-.-»-J-«r«!!x».>
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Greek, cnme to be worshipped in the temples that were

erected to her father iEsculapius. In works of art

she is represented as a maiden wearing a lon^c, flowing

robe. Her face has an expression of mildnesH and

kindness. She is usually represented as feeding a ser-

pent out of a cup. The serpent was the symbol of

wisdom and the art of healing.

The name of this ancient goddess is not yet forgotten

among us, for our word "Hygiene" is derived from

that name. By hygiene we mean the art tind practice

of being well and keeping well, or, more simply, the

knowlecfge of the laws of health. But Hygieia waa

not only the gcnidess of the health of the btxly
;
she was

also the go«ldess of health of the mind. So to under-

stand rightly the meaning of hygiene we must think

of it as having to do with healthy minds as well as

robust bodies.
.

Up to the present, we have been engaged chiefly in

studying how our bodies are constructed and how the

various "parts do their work. We have learned some-

thing about digestion, and how the food performs its

part in keeping us well and strong. We have learned

how the blood flows through the body and nourishes

it Wo know how breathing is carried on, and

how it removes waste matter from the body. But

all these things are done by the body itself. Perhaps

you have felt that after all we cannot do very much

to help the work of breathing or to assist the flow

of the blood. As to digestion, we can indet^ do some-

thing in the choosing and the preparation of f<K)d, but

we have very little power over the actual ])rocess of

digestion. For the rest, it has seemed as if all we can

do" for the body is to avoid injuring it or interfering

with its natural working.

.)
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Wo havn now to ci insider soiiu; iisiH«ots of the Wly
which will sliow that wi- cin do ii j^rcnt <lt>»l to hflp

its propt'f iU'tioM and h) to jironiott* hfiilth. WluMi we

<lo tlie thiii^^ which an' known to he hi-lpful to th»f

IxmI}' wc ohcy tht" hiws of hcaltli or liy^jiciic. And tl>c

ohscrvinj^ of these laws will prtMlnce etltrts on the bixly

which may have seemed <|uito Ixyond o(U* power—the

iinprovenient of tlu; circnlation and the di;,'estion, jind

the promotion of a "greater alertness and activity «)f the

brain.

A most important thini; to consider in livint; u

healthy life is liow to use onr iiiusrli'.s wis(>ly. You

may wonder wli}' our niuscles an; so important, and

wiiy we are so often told alntut the exircise of the

muscles. It does not seem to y<»u, ]»erhaps, that they

have really much to do with our health ; the internal

oi<,'anH of the body, you would say, have nnich more

to do with keepinj; us i>i health than the nniscles. Let

us look into this matter a little nmre carefully.

In the tirst place, our muscles form the lar;;est part

of our Ijody. More than one-third of the tissues of the

iMidy is nnisde. If this mass of tissue is not kept in

proper con<htif>n, by means of exercise in doinj^ the

work which it was inten<led to do, the Inxly cannot

be in a hciilthv state.

In the second place, it is in the tissues of the

nuisdes that l>y far the ;:reatest part of tin; fuel con-

tained in our fotnl is burned up. In our Ixxlily

eneine, therefore, the action of the muscles is very

important, for upon their action depends chielly the

production of heat in the body. Probably it ha.s

jiever ocein-red to you that the iiuiscles are the main

sniirco of our lieat supply. Yet y(<u have been actinia

ail your lifi- as if yon knew this. When you feel Ci»ld
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you movo alwnt, you swing yoiir nrms and stamp yonr

feet. Tlmt iH to tHiy, vlicn you need more heat you

Met some of your muscles in action, so that they may

pnxluco heat.

There is a third rejvson wliy the muscU's are iinpor

taut in tlu! preservation of healtli. The nuiscular pnt t

of the bo<ly is tlie part uver which wo can exercMHi-

most direct control. The skeletal muscles—that is,

those which are attached to the Ixmy framework ol"

the Ixxly—are under the contml of the will. We son-

1

messaijes to these muscles hy means of the nerves.

The stimulus to action carried by the nerve causes the

nmsclo to contract, and it does this by itH fibres

bccomin«r shorter and thicker. When a muscle con-

tracts, a very complex clu'mical chanj^o takes place in

it. This chan«;e results in the prfxluction of heat and

the formation of waste matter. The food fuel is

burned up, and ener^'y is pnxluced
;
part of the euer<,'y

tjikes the form of work done in the contractinjj of the

muscle, and part is j^iven out in the form of heat.

When nuich nuiscular work is done, much heat i

produced and a lar<je quantity of waste matter has to

Ikj carried off by the bhxxl. At the same time th.-

pressure caused by the contracting and relaxing of th<'

muscle fibres helps on the flow of blood in the veins.

When this is going on all thrlmgh our muscles you cm
see that it nnist have a great eflect upon the body. I.<t

us see what are some of the special restilts of muscul.n

exercise upon different parts of the iKwly, in order that

we may understand what rules wo should observe in

taking sucli exercise.

Exercise has an imi)oHant effect upon the liivj^.

It increases the <iuantity of air taken in and given oui

The quantity of air breathed when one is .swimniin-
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in about four and a half tiiiics as much as is used when

one is lying HtilL At tho siune time the tlow of

blood through tiio lungs is much incmvHed. From this

we ctvn Hco the reanou for one imixjrtant rule regarding

exercise; we muHt have abun«hince of fresh air when

we use our muscles vigorously, and, therefore, exercise

is best taken in tho oi)en air. A second rule is st-en

OiUdoor g<tvuia~n>u<chill at the " Fonst School," Toronto.

to be equally necessary ; our lungs must be frte to act.

We must not hamper them with the pressure of heavy

or tight clothing on the chest.

Let us next see how muscular excreise atl'ects the

circidaiwa of (!»• U'xhI, in onl.-r that wu may discover

from that whether tli.-re are .special rulrs to be ol)served.

Exercise increases tlie rapidity of the heart's action,

and hurries the circulation generally. You can easily

test this for yourselves. While sitting (luiet, count tho
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beats of your pulse and see how many there are to tlir

iiiinuto. Tlieu Jiiuii) as liicrli as you can, tt-ii or a (loztn

times. Now count tli(^ rate of your i)ulse a^jain. You
will find that the I'xertiou of Junipin<^' has made it

much quicker.

You will renuMuber that the lieart ^ets its only r(>st

in the short pauses between its beats. When tlic

pulse is ([uickened, its time of rest is shortene<|,

and this ristin<^ time must not be t(X) nuich interfi'red

with. An obvious rule, therefore, is that exercise nnist

not be continued so loiitj as to over-tire the heart. Jf

we inei-ease the time t^iven to any exercise by decrees,

day after day, the heart will ^'radually get accustoiucii

to it, and there is less risk of injury. Many men who
were splendid athletes for a time when they were
young have a heart seriotisly da'naged by unwise or

excessive pi'actici" of athletic exercises. They were so

keen to excel that they di<I not give their heart time

to get accustomecl to the increased Avork. The i-es\ih

is a weakened lieart, and less strength and health in

middle life than they would have enjoyed if they hail

taken exercise more wisely. ^Yhenever any exercist

is continued until it causes breathlessness, the heart

is being over-taxed.

The (/l(/('.^t!(>ii is also nuich affected by rnuscul.ir

exercise. The more the work of the nuiscles is in-

creased, the more fuel is consumed, and a larger amount
of food becomes necessary. At the same time Uv
digestion is improveil, so that a larger quantity of fin,.

I

can be digested. When little exercise is taken, (Im

body will not digest so much food, and W(> slujuld thei. -

fore eat less than when we are engaged iu actixi

exercises.

rhc clilct of exercise on the sliit is easily seen. '.
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I

causes the skin to become flushed witli blood, am]
perspiration is increased. This perspiration is a nuvui

;

by which the bofly ^jets rid of the excess of heat which
exercise produces. From this we see the imiwrtaucc
of keeping tlie skin clean and in an active condition.

We also see that only light clothing should be worn
during exercise, and that when the exercise is ovir
some additional woollen garment should be put on to

prevent the too rapid cooling of the skin.

The muscles themselves are affected by exercise.

They grow by use. The muscles which are much used
actually increase in bulk, although the person may
liave stopped grovnng otlierwise. It is a mistake,
Iiowever, to think that there is any advantage in

having a few of the muscles of great bulk. It is mucli
better to have all the nuiscles of the body moderately
exercised than to have the nuiscles of the arm, for

example, enormously developed while those of the back
are hardly used.

The ettect of exercise upon the hrain and the mind
depends upon the amount taken. Violent muscular
exercise tires the brain. We may see this in the case
of a mountaineer who has done great feats in climbing
some lofty peak. He may find when he reaches the
top that he cannot remember any of the details of his

climb. His muscles wero so violently exercised that
his mind was no longer clear. Moderate exercise, how-
ever, improves the working power of the brain. The
want of exercise interferes with the general health,

and so makes the brain less able to do its work.
Exercise is much more necessary for the maintenance

of health at the present day than it was long ago. ]t'

we go back a century or two we find that people lived

under conditions very different from those under whicls
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most of us live to-day. Tlieir houses, their food, and

their dress were dittereut, but the most important

difterence was in their manner of working. Tliey used

their muscles much more than we do. All the work

on the farms, such as sowing and harvesting, v.'as done

by hand. Spinning and weaving and all manner of

work in wofxl was also done by the power of the

" Exercise is best taken in the open air " (p. 27'.t). Indian Club exercise.

muscles. If we go still farther back to the time when

men lived by Imnting, and when tribes were usually

at war with one another, we see that the support of

life and the defence of life depended upon the strength

of men's muscles.

In our day things are very different. Machinery has

taken the place of hand labour in hundreds of ways.

People live more largely in towns, where street cars

make walking almost unnecessary. The manufacture
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of all kinds of thingt} is carried on by the power of

engines of various sorts. Even on farina, where there

must always bo a large amount of manual work, the

labour is lightened by the use of machinery. Life has

become more comfortable, and in many ways more
favourable to health. But we use our nuiscles less, and

that is a danger. Go<jd health cannot be preserved

without the regular active use of the muscles. Not
oidy do the muscles themselves become weak, but the

whole body suffers, including the brain and the mind.

Hence the importance which we now attach to such

fonns of exercise as will keep the muscles and the

whole body healthy.

People have tried to find out what amount of mus-

cular exercise a man needs every day in order to keep

well. One calculation that has been made shows that

a man should do as nmch daily muscular work as

would be e(jual to a walk of nine miles. Labourei-s

often do three times this amount of work in a day.

The best form of exercise for children is free play in

the open air. How much of this is required ? Tiie

best plan is to leave the amount to the body itself to

judge. The body takes care of itself if we allow it to

do so in a natural way. When it needs food, we ai-i'

warned by the feeling of hunger. When it needs sleep,

we feel sleepy. So when the muscles have had enough

•exercise, we feel tii'ed.

The feeling of tiredness or fatigue is caused by the

waste products accumulating in the muscles. More
waste matter is produced than the blood can carry

away. For the time the Ixxly is being poisoned by

these substanc(^s. When we rest we allow time for the

blood to carry away these waste products from the

muscle.
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People sometimes npeak of brain fatigue as if that

wore s(,mething different from muscular fatigue. An

Italian professor who has made many experiments in

this matter has shown that the two kinds of fatigue

are alike. He meivsured the degree of fatigue l)y

the number of times a person could lift a certain

weight by beiKling the middle finger. By this menus

he discovered that brain fatigue made one less able

to "o on raising the weight, just as fatigue of the

inus"cles did. Fatigue changes for the tune even

the appearance of the nerve cells. The nerve cells

of a bee just about to set out from the hive in the

morning are quite different in appearance from those

of a bee which has been on the wing all day. For the

complete recovery from fatigue sleep provides the rest

that is needed.

We must now consider some of the kinds of exercise

which we may take in order to promote health. Out-

door games are a most valuable kind of exercise. This

is partly because they are so interesting that those who

play do so with vigour and are eager to do their best.

But in addition to the healthful exercise which they

afford, games also provide a valuable training for the

mind. They teach us to play fair, and to take a

beating cheerfully, which are useful h«ssons for all our

life, \james played in teams, such as football or

hockey, also teach us to play for our side, and not for

our own a.lvantage or to win renown for ourselves.

A member of a team may be a very brilliant player,

but if he plays a selfish game he is of little use

to the team, and has not learned the best lesson of

the game.

While young people are right in their preference tor

irames, tln-re are times when games are not available

;

17*
(1.791)

*'
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besiflps, strennons giunes are not advisahlo for all.

Indeed, no one should undertake any violent form of

exercise without havinj; been examined hy a doetor.

Most good schools employ a doctor for this purpose,

and medical examination is Ijeconiinf,' a re^Milar part of

the sc1km>1 system. Other forms of exercise ctui then Iw

found wliich have advantages of their own. The best

of these is walking. Walking is always possible; it

recjuires no apparatus and it costs nothing. It is suit-

able for persons of all ages, and can Ije enjoyed either

alone or in company with others. The chief benefit of

some of our more expensive forms of exercise, such as

golf, is simply the amount of walking which they

require. The benefit to health which some men

receive from a hunting or shooting h«)liday is due

very largely to the same cause. They must live in

the open air, and they must walk a great deal.

Walkinj,- exercises the nniscles of the leg chietly, but

many other muscles as well, for the balanet? and sup-

port of the body in the erect position calls a large

number of muscles into play.

Running is a more violent form of exercise than

walking. It consists of advancing by a series of leaps,

off each foot alternately. Running is a most important

element in many outdoor games, and is enjoyed by

young children merely for its own sake. With older

boys running often takes the form of tests of speed on

a racing track, or of speed and endurance combined, in

the form of paper-chases and cross-country runs. Run-

ning is suitable oidy for those who are in good health.

The heart is easily over-taxed with so severe an exercise,

and it is the heart rather than the legs that is apt to

suffer from fatigue.

Swimming is a form of exercise that is easily learned

0,791) 17
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by cljililn'ii. It is not only a (loli<jhtful kintl of exer-

oisfi in itself, Imt it is often wry useful as a means of

saviu"^ life. It is a pity that all children do not learn

to swim. No one who has th<! chance of doing so

ou<;ht to nejjlect it. In swimmint;, more uso is made

of the muscles of the anus and shoulders than of those

of the legs, and for this reason it forms a valuable

change fron» walking and running. Swimming is of

great usk in developing the power of breathing. It also

strengthens the nuiscles of the back, and so helps to

give one an erect bearing.

Cycling is a goo«l exercise for the muscles. One

advantage of cycling is that it nuist bi carried on in the

open air. On this account cycling has done more for

the health of people who live in cities than any other

invention of modern times. Hut at the same time there

is the risk of over-strain, and much harm has been done

by the iniwise use of the bicycle, especially on the i-ace

track, an<l by young boys aiul girls overtaxing their

strength. Moreover, the bicycle should be carefully

adjusted to suit the ridt-r, or a curved back is likely to

result. When wisely used, c^'cling combines a pleasant

and healthful outing with a considerable amount of

muscular exercise. It does not develop the chest and

the breathing })ower as swinnning does, but it takes

many people out into the country roads who would

otherwise stay indoors, or would merely walk along a

city street.

(hjmn(if>tlrMW{iH the name riven by the fJreeks to all

forms of organi/.(!d bodily exercise. We \ise the word

to include such outside sports as those aln-atly referred

to, as well as the drill and atliU^tics which are usually

ifivt-n indoors in schools and gynuiasiuiiis. The course

of i)hysical exercises which has been adopted for schools
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in all tlie provinccH of the Doiiiinicjii of Canada is IwiHed

upon the Swedish sy.steni. This Hysteni, known also by

the name of its inventor, Linjj, has Ix'en intr(Mlucefl

into many other countries. It is the result of very

careful 8ci>?ntific study of the movements of the body.

The e.xercises are planned so as to call into use all the

muscles of the body and develop them all alike. At

the same time they train the nervous system in the

control of the nmscles, so that tlie lM)dy may be kept in

the best ccmdition. This sort ot exereise is not simply

play; it is a form of work, thouf;h a very healthy form.

It is advisjible, therefore, that ev«.'ry ijymnjiHtic lesson

should include some form of play, sueh as a jjame or a

dance, in order to nuike the best use of the change

from ordinary school wurk.

Dancing is one of the most delightful jus well as one

of the best forms of ext'rpis(>. It exercises chiefly the

leg muscles, but many others are brought into action as

well The essential thing in dancing is graceful move-

ment, and this depends not merely upon the leg move-

ments, but also upon the erect carriage and bfiianee of

the body, the hea<l, ami the arms, and the snuHithm^'- and

precision of all the muscular action. Dancing fo' ,i,s .(»•

excellent substitute for some of the less interesting scIkh.

exercises. In the village festivals which were formtfly

common in Enirland and other countries of the Ol*

World, a favourite amusement was dancing in the opt

air, which is the most b<meficial form of dancing. 1

many European countries this amusement is still prac-

tised. Some people are trying to bring back this simple

old-fashioned habit, and children are being taught in

many schools the old games and dances of foi-nier days.

Gynniastics also includes exercises done with special

apparatus ; indeed the word is often used for such
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exprcises alone. The apparatus may either be hand

apparatus, such as wands, duinb-belLs, and clubw, or fixed

appiratus, as rinj^s, ropes, and bars, and they may
vary in size. '''htsHe exercises usually put considerable

stmin on th» teles, and are very useful for grown-up

persons if they are performed under careful supervision.

Only the lighter kinds are ever advisable for children.

Athletic exercises often take the form of preparation

for contests, such as races of various kinds. For such

strenuous muscular feats it is usual to have a period of

" training." This means not only practising the exer-

cises, but also giving special care to diet and the general

manner of living, so that the body may be in the best

condition to stand the severe strain. A man in " train-

ing " must eat simple food, avoiding such articles of <liet

as are apt to pnxluce fat. He must drink only moder-

ate quantities of water, and must not touch alcohol or

tobacco. He must exercise regularly, and gradually

increase the amount of exercise taken each day. He
must keep regular houi*s, and have plenty of slet*p.

These rules, you will notice, are merely the ordinary

rules of health which people observe every day in a

greater or less degree ; but they are very rigidly

attended to, while the amount of exercise taken may
put a severe strain upon the Ixxly in various ways.

Only very strong, healthy boys should be allowed to

"train" for athletic contests of any kind. All the

exercise which health recjuires can be taken without the

risks which the athlete is willing to run for the sake of

winning some "event" In many cases, as we have

already said, the result of such contests is a weak

heart and impaired health in after life.



CHAPTER XXV

CLOTHING

TRAVEfJ.EUS toll UH that ill warm cotintrios the un-

civilized native races revel in bright colours. They

will exchange whatever they possess—ivory or rubber

or anything else—for a few gaily-coloured beads or

some brightly-dyed cotton cloth. They string the beads

and hang them round their neck, or they wrap the

gay cloth round their body, and feel that they have

made a splendid bargain.

According to the learned men who have studied the

origins of oar own habits and customs, it was in this

way that men first began to wear clothes. At first

clothing was worn merely as a decoration. As the

races of men spread over the world and came to in-

habit colder countries, they found that clothing could

serve other purposes than that of ornament; it was

useful also as a protection against cold.

We have already seen that the wearing of clothes

is one of the things that enable man to adapt himself

to great variations of temperature. This has made it

possible for him to live in almost any part of the

globe. Animals have in some degree the power of

adaptation to temperature. Where there is a marked

difference between the seasons, they often develop a

thick winter covering of fur which is much warmer
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tlian their summer coat. Animals wluxse mode of life

demands special protection, such as the seal, have ac-

(juired a covering suitable to their needs. The animals

of hot climates are much more thinly clad.

It is as a protection against cold that clothes are

chiedy worn at the present day, but we still give a

great deal of attention to the decorative effect of our

drers. It is from this point of view that " fashion

"

in clothing ha,.s arisen and has become so important.

In all communities people dress more or less like one

anothi'r. In Etisteru lands, for example, loose, flowing

robes or gowns are cc^mionly worn. Among the more

active peoples of Europe and of the New World, both

men and women wear more close-fitting garme"nts.

But even among the people of the same country

there are differences of style, originally corresponding

to differences of social position or of occupation among
the inhabitants. And in addition to these differences

there have arisen other changes of style due to a desire

for decorative effect, or to changing taste, or to the

simple craving for something new. It is these periodic

changes which we usually speak of as " fashion." Dress

sleeves, for example, are made wide at one time and

narrow at another, without any regard to convenience

or comfort, and every one aims at wearing what is

the latest fashion. If we see a person dressed in a

style which was fashionable only a few years ago, we
think it quaint or peculiar—" old-fashioned," as we
usually call it. We may have forgotten that our an-

cestors began to wear clothes simply for the decorative

effect, but when we judge clothes by " fashion " we
are looking at them very much as those old-world

people did. VV^e may smile at the delight of a South
Sea Islander over his glass beads, but he is no more
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foolish in his desire for ornament than we are in many

of our own tastes regarding dress and other personal

decorations.

It is very silly, of course, to give too much thought

and time and money to mere adornment, but it is

neither wise nor beneficial to neglect our personal

appearance. When we are well and suitably dressed we

have an increased feeling of well-being and self-respect

as well as of comfort, and such a feeling of pleasure has

undoubtedly a beneficial etiect both on body and mind.

In this way the gratification of a reasonable taste even in

matters of mere " fashion " has a certain value from the

point of view of health. But we must make sure that

it is "reasonable," for fashion has usually little regard

for health, and may easily lead us into serious mistakes.

There is another use for clothing which you may

not have thought much about. In all countries people

are accustomed to show certain feelings or states of

mind by the clothes they wear. Sorrow, for example,

is indicated among us by the wearing of black; and

although in other lands other colours are worn to in-

dicate mourning, it is a very widespread custom to

show grief by some special kind of dress. We like to

wear white or bright coloui-s on occasions of rejoicing.

So we may say that our clothes are used as a means

of expression as well as of adornment. Then special

styles of clothing are worn to indicate special office,

as is done by clergymen in most churches, or special

robes are used for ceremonial purposes, as by judges

and governors or other officials. It would take many

books to contain all that might bo written about

clothing from such points of view as these. But our

chief concern here is with clothing considered as a

protection to the body.
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Clothes protect the body in several different ways.

In the first place, tliey prevent the loss of heat from

its surface. We sonietiines speak of " warm clothing."

We do not really mean that a fur coat can give us

UtHit. We have already learned that heat is produced

within the body by the carbon of our food uniting

witli oxygen from the air. All that "warm clothing" can

do is to prevent this heat from passing too quickly away
from the body when the air around it is very cold.

Another way in which clothes protect the body is

by keeping dust and dirt from settling on the skin.

If we are out-of-doors for an afternoon in any large

city and do not wear gloves, we find when we wash

our hands that a large amount of dust and grime has

gathered upon them. We know that light-coloured

clothing soon becomes soiled, but we are apt to forget

that dark clothes cateh just as much dust as light

ones, although we do not see it. From such examples

we see how much dust of various kinds there is floating

in the air around us, and lying on everything we touch,

and o".ir clothing serves to protect the skin from being

soiled by this dust.

Again, in very hot countries we need the protection

of clothes to shield us from the direct rays of the

sun. White men living in the tropics usually protect

the head from the fierce sunshine by wearing pith

helmets, and the neck and spine must also be shielded

from the intense heat. A fourth kind of protection

given by clothing is the protection from actual injury

to the skin by coming in contact with hard or sharp

objects. This is specially necessary for the feet. In

many places country children like to run barefoot in

sununer, but in our cities the hard surface of the streets

and roads makes it necessary to wear shoes of some kind.
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Many different materials are used for clothing. The

most common are wool, cotton, silk, and linen. Wool

is a special kind of hair which is most commonly

got from the sheep ; but other kinds of wool, or hair

resembling wool, are also used. Thus alpaca cloth is

made from the wool of the alpaca, a South American

WnJ, fUtrea under the microscope. Note the acfUes, which bce/»m

locked together and cause the doth to shrink.

animal of the camel kind, and cashmere is woven

from the woolly hair of the Cashmere goat of

Central Asia. The chief value of wool as a material

for clothing is its power of preventing the loss of

heat from the body. It also absorbs moisture and

thus prevents the perspiration from causing a chill

to the skin. Woollen material is difficult to wash.

Much rubbing causes the hairs to become closely

locked together, and thus the cloth is apt to shrink

and to become hard and stiff.

Cotton is the down which grow^s on the seeds of
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cotton plant. The fibres are smoother than those

wool, and under the microscope they are seen to

be flat and ribbon-

shaped. Cotton mate-

rials are cheap, and

they wear and wash

well. They do not ab-

sorb moisture as wool

does, and heat passes

through them much
more readily. A soft

downy cotton fabric

known as flannelette is

often used instead of

woollen, but there is

considerable risk in its

use, as it is very in-

Cotton fibres under the microscope ; they

are smooth and jUittcned like ribhona.

flammable unless specially

treated with chemicals. Many
fatal burning accidents have

happened, especially to children,

from the wearing of flannelette

garments.

Silk is a fibre spun by a

moth which is usually called

the silkworm. When the

animal Iuih conipleted its cater-

pillar stage of life it wraps

itself up in a case or cocoon

made of tliis silk fibre, which

it sj)inH from the substance

of its own body. When placed under the microscf)pe

the silk fibre looks very smooth and glassy. Silk,

like wool, is excellent for preventing the loss of

Cotton flanl. Note the fibres

eotr^ing from the bursting pod.
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The moth which yidds Taasur silk.

heut fioin the bwly, but it is too expensive to be

generally nsed. It is much prized for its beautiful

glossy appearance, and on this account many cheap

imitations of

silk liave been

invented. Cot-

ton can be

treated with

chemicals so

as to resemble

it very closely.

Linen is

made fron. the

fibres in the stem of the flax plant. The stems are

steeped in water to cause the soft green parts to rot

away. The fibrous part is then beaten and combed

out in oi'der to

obtain soft thin

fibres suitable

for spinning and

weaving. As a

clothing material

linen rt>sembles

cotton, but it is

much more dur-

able anfl more

expensive. It

does not Jibsorb

moisture or pre-

vent the loss of lu'at to any great extent. Its simmth-

ness and whiteness makt^ it specially suitalde for

such articles as collars, and the strengtli and fineness

of its fibre enables it to be worked up into la( e and

other decorative forms.

Italian silkworm ; caUrpUlar feeding on
mulberry kavcs.
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Leuther is a specially prepared form of the skins of

the larger animals such as the ox and the sheep. It is

now chiefly used for boots

jjfcr- ,-* -
^"^ shoes. In former times

.-iy^^'-^^L^ leather was also used for the

outer garments of men en-

gaged in certain kinds of

work, and it is curious to

note that the use of motor

cars has again led to a

similar employment of leather.

It is now
Silkworm cocoons—one opened to much used

show tht animal inaidc. • ,, y

ing of oYercoats.as it is the bestmaterial

for protection against cold winds.

Smaller skins yield leather suitable

for gloves. To make leather, the

skins have the hair removed, and

arc then cured by tanning, as it

is called. This is done by steeping

the skin for a long time in water

containing oak bark, which preserves

it from decay and makes it tough

and waterproof without being hard.

Inferior qualities of leather can

be produced much more quickly and

cheaply by the use of other tanning

materials.

The skins of certain animals are

cured and used for clothing in the

form of furs. For this purpose the hair is left on

the skin either in its natural form or artificially

trimmed so as to improve its appearance. Yyii'

The flax jilanl.
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bearing animals are found only in cold countries,

and owing to the demand for their skins their numbers

are btang continually reduced by hunting and trapping,

while the price of furs is rising year by year. On

this account attempts are being made to breed fur-

bearing animals in a more or less domesticated state,

and fox farms liave been started in Prince Edward

Island and elsewhere to supply the fur of the fox,

as the ostrich farms of South Africa now supply the

markets with ostrich feathers. Many beautiful furs,

such as those of the sable, ermine, and silver fox, are

too expensive for any but well-to-do people. The hair

of the common rabbit, and of cows and horses, is

sometimes pressed together and lieaten into thin sheets,

and it then forms the substance called felt, which is

much used for hats.

Garments made of loosely-woven or knitted fabrics

have come much into use in recent years. The

advantages of such "cellular" garments are that

they are elastic and yield to the movements of the

b(3dy, while the looseness of thef fabric leaves spaces

for what we might call a layer of air-cells. This

air contained in the material makes it "warmer"

than if it were closely woven. Such garments also

permit of the passage of moisture through the

cloth.
, . , , ,j

The quantity and the kind of clothing which should

be worn differ so much under different circumstances

that only very general rules can be given. There

are some qualities, however, which must be found

in all good clothes—that is, all clothes whieh provide

the necessary protection for the body and are not in

any way injurious to health. There are also common

faults in clothing which we must learn to avoid.
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It is evident that our clothintj should allow of

the free movement of all parts of the body. Any
tifihtness round tlie lower part of the chest is

particularly harmful. The lower ribs must have

freedom of movement if breathinj; is to be rightly

carried on. 'i'lie fashion of tin- " wasp waist " was
a harmful one, as it interfered with natural breathin<:f,

P

DresKing iHihtj after hix bath—a lesson for lilth iitot/urs.

and it is fortunate that an absurdly small waist is

no lonf^er considered by women to be elegant and

fashionable.

The foot probably suffers more front " pinching

"

than any other part of the body. Corns, ingrowing

toe nails, misshapen toe joints, and an awkward style

of walking are the most connuon conse(iuences of

wearing tight shoos. ChiMrens shue.s ought never

to " tit," iu the usual meaning of the word ; they
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ahoxild always be "too l)i<,'," in onler to allow foi-

growth as well as fn-e iiiovoiufiit of the f«K)t. Many

a V)aflly-Hhai)t!(l f«X)t i.s due to the weariiijj of " neat

"

shoes during childlKKxl or youth. The ahsiudly Hniall,

shapeless, and useless U^vt formerly fjishionahle an»ono

the women of China were produced by tight bandag-

ing of the foot during childluxMl.

No part of the clothing should press so tightly

on the body as to interfere with the free circulation

of the bloCMl. A tight collar imp«'(l<'s the How of

bl(MKl to the head. Tight garters or tightly-laced

shoes make the feet cold by checking the free ilow

of warm bUxxl through the lowt'r limbs.

Clothing should be loose enough at all points to

allow air to pass to the skin. It should not be too

lieavy, nor should too majiy garments be worn.

Doctors who examine the health of children

at school usually find that the young people are

much more connnonly overloaded with clothing

than too lightly clad. A school purse recently

found that a child was wearing sixteen layi'rs of

clothes.

There is one old mistake regarding children's

clothing which was once very connnon, and has not

yet entirely disappeared in some places—namely, that

young children ought to be " hardened," or aecnstomed

to endure cold. In order to do this, children were

—

and sometimes still are—dressed so as io leave the

arms and knees bare evtai during veiy cold weather.

It is tnie that the skin does with practice become

accu.stometl to changes of temperature, but in the

case of young, growing children " hardening " is a

iiiistake. Children l<'s(> heat easily, and the undue

exposure of their body to cold is hurtful to their
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health and growth. In cold weather their limlw

Hhould 1)6 covered lightly Imt warmly.

While wearing too little clothing gives rise to chill,

the same result follows from wearing too nnich. When
the skin is kept too warm it is always moist with

pei-spiration, and this makes it "soft" and liable to

sutier from col<l.

The weight of the clothing must l)e supported in a

suitable way. Formerly it was the habit to have

much of its weight hung from tight bands round

the waist. At present there are many who say that

all clothing should bti hung from the shoulders.

Ihat is certaitdy a nuich Ixstter plan. But a dtx'tor

who has had oecjision to examine a large number of

school girls dressed on this plan found that in many
cases their shoulders were being marked by the tight

bands which kept their garnusnts in position. It is

no more reasonable to have tight bands prtissing on

the shouldtr than on the waist. If a garment hinig

from the shoulders weighs down the chest, it is

wrongly suspended. The weight should be distri-

buted so that no part suffers, whatever may be the

special plan adopted.

Waterproof garments ore now in very common use.

In heavy rain, and if worn only for a short time,

they are convenient and may be safely used. They

should never be used except when needed, however

;

if worn for a considerable time they are objec-

tionable iHicause they shut in all perspiration and

keep out air. Some of the "waterproofed" materials

are better because they are not air-tight, although

they are close enough to keep out a heavy shower

of rain. Rubber ovt-rshocs or goloshes are very useful

also to keep the feet from dampness, especially when
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shiK'H iiia<K' of lMi«lly-tanne<l leather are worn. They

have the same <1 isadvaMt»;;es as waterproofs, howexer.

They retain the i)erMi)inition aixl : i Worn lon^ they

lire o iten the cause of tlie
' damp feet " which they

are ineunt to nvoi .1.

Til u wasluiit; aii<l deaiisini,' of clotliin*; is very

iiiilMji taut. Un«ler-t;arineiits must 1«. chan<;e(l and

wiisli»'<l at leant once a wee k. Unless this is done,

the garments retain the perspiration and waste matter

given off by the skin. Sleeping in the under-gannents

which have been worn during the day is a very un-

healthy habit. Every article of clothing should Ik?

changed before one gets into b«'d. In this way t'>e

day clothes are aired, dried, and freshened during i'

night, and the night garments are similai-ly treated

during the day.



CHAPTER XXVI

COMMOX ACCIDENTS

Holland is one of tho most intorestinjj coimtrios of

Europe. It is a snmll country, but it holds a very

honourable place amon^ the nations, and it has played

an important part in the history of the world. Its

people are hard-workinj; and thrifty, and their cleanli-

ness is proverbial. One of the ways in which they

have shown their industry and thrift is in reclainiinjj

land from the sea and cultivating it. Tho land is ho

flat that great stretclica of it would Ije covered by the

sea at high tide, but the people have built strong

mounds of earth ^o keep out the sea. These mounds

are called dykes. Tho dykes must be carefully looked

after and kept in repair. A small opening would let

in a stream of water which would soon wash away the

dyke, and the sea would flow in and cover the farms

and houses and villages.

A story is told of a Dutch boy, Peter, who had been

sent on an errand by his mother, and was returning

home in the evening along one of these dykes. He

heard a sound as of trickling wr'xjr, and went to see

what it was. There in the side t the dyke he found

a tiny stream coining through a small opening in the

dyke. Young thougli he was, Peter knew wlwt this

meant. He knew that the running water would soon

(1,791) 18
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wasli away the earth and sand until the small hole

became a bigger one, and that the rush of the water

and the beating of the waves outside would make a gap

in the dyke, through which the sea would pour in and

flood the land. The only way to save the dyke was to

.stop that little stream of water.

It was a lonely place, and no houses were near. The

boy knew that if he went to seek help the hole might

be too big for mending before he got back. Just then

it was so small that he could stop it with his hand.

The only plan was for him to stop the hole and hold

back the dangerous trickle of water till some one

should come to his aid. So he stopped up the hole,

holding liis hand against it, and sat down to wait. No
one came. Col*' and tired and lumgry, he s,vt all night

at his post. All night, too, his mother waited for

Peter, not knowing what had happened to him. In the

morning search was made for him, and the brave little

fellow was found, and was Hcum relieved from his task.

The dyke was at once mend<^d, and so the country was

saved from ruin. The gallant little Peter was praised

as a hero.

When we read such a story as that, we feel proud of

a boy who had the forethought and the f Mrage to do

so noble a deed. Perhaps we feel that we too could be

heroes if only we got the chance. But there are no

dykes where we live ; we have no chance to stop up a

bole as Peter di<l, and to b.old back an ocean with one

hand. Yet we have just as good opportunities of doing

brave and usefu' thitigs. Proba])ly Peter never imag-

ined that he was a hero. He had no thought of doing

anything great. He simply saw a hole that must be

stopjx'M u]) at once, so he stopped it till some one

slumld come along who could inend it propt-rly. It is
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often the little things that count for most. Things

that very few people will ever know of may require

iust as much courage to do as the great things that

everybody speaks oi.

But we need more than courage if we are to be of

use in any sudden emergency. Like little Dutch Pt ter,

we must know what to do. Some people are always

ready to get into a fuss and insist on " doing some-

thing." If we do not know the i-ight thing to do, it is

far better to do nothing. At any rate, we can keep

quiet, and not hinder those who do know how to act.

Even this needs some practice. Self-control, as we have

seen, is a thing which comes by practice and habit, and
in any sudden emergency the want jf self-control may
make things woi-se than they need be.

Suppose that a street c:ir is passing along, and a

child suddenly runs out from the side-walk and tries

to pass in front of the car. ^ >r a moment every

one's heart stands still with a .^udden fear that the

child will be killed. It is almost certain that some
of the people who see the ilanger will .shriek with

horror. They may even be rather proud of having

done AO
; it shows that their feelings are so (juick and

sensitive compared with those of other people. In the

meaTitime the car driver has managed to stop liis ear

just in time, while some one wlo did not shriek

or wring his hands has darted forward and rescued the

child from its dangerous position. Only tliese two
things could be done, and promptness in doing them
Avas the chief necessity. Tlie shrieks of the bystanders

could have no efiect except perhaps to confuse and
so to hinder those who knew how to act.

There are many times when littl(^ accidents occur

which call foi prompt assistance, and boys and girls

M
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can often give such aid as will save serious trouble,

or even save some one'a life. But if they are to do

this, they must first learn what is the right thmg to

do in the case of the more common accidents. They

must also practise self-control, so as not to be found

among those who stand and shriek instead of acting.

When serious accidents happen, they may be able

to do nothing. Only those who have special training

and skill, such as doctors and nurses, can know how

to deal with these. But by far the gr atest number of

" Press on the bleeding point with your finder " (p. 309).

accidents are slight ones, which timely help will prevent

from becoming serious.

There are many common accidents which cause

bleeding. When any part of the body is cut, some

of the blood-vessels are cut through also, and blood

escapea Some people make a great fuss at the sight

of a few drops of blood, and either faint or get too

excited to give any help. If a pei-son is in ordinary

health, the loss of a little blood from a cut finger

does not matter much. But you can never tell how

much blood is going to be lost, and so it is important

to stop all bleeding at once. The blood that runs from

the cut is being lost from the Iwdy, and a great loss

of blood may mean loss of life.
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The blood, as you know, flows through blood-vessels,

and if any is escaping it is coining through some opening

in one of the blovxl-vessels. The first thing to do, there-

fore, is to stop up this opening in the vessel if you can

get at it. This you can usually do by pressing on

it so as to stop the flow. You know that blood clots

when it escapes from a vessel, and in a small wound

the clot tends to close up the opening and stop the

bleeding. If the wound is

larger, the heart keeps pump-

ing the blood through it, and

you can only stop the flow by

pressure. In such a case you

must either press on the bleed-

ing point with your flnger, or

you must bind the part so -; . , , w .^„-.

tightly tl «.t the blood ceases point, and pressure applied

bij twisting the band(t'je

tightly by means of a stick.
to flow. \,henever bleeding is

severe you must send for a

doctor at once. Not a second must be wasted. Until

he comes, keep the blood-vessel closed by pressing on it.

Cuts are very common accidents among children.

A cut may be due to playing carelessly with knives

or scissors, or with anything sharp. The first danger

of a cut is from loss of blood, and bleeding must be

stopped at once, as we have said. Anotlu^r danger

comes from the possibility of germs getting into

the wound. These germs may cause it to form ^>((.s'

or " matter," and in this way a simple cut may give

rise to serious illness. It is very important, therefore,

to keep a cut clean. Tnis can be dcme by careful

and thorough washing. Some substance which kills

disease germs or a germicide, as it is called, may

be mixed with the water with which the wound is
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washed. It must then be covered or bound up .so as to

keep out dust or dii't.

Children sometimes suffer from hlerdhm of the nose,

and a very sliglit cause will often occasion thi.s. Cold

helps to stop this bleedinj;. A good plan is to lay

a handkerchief, soaked in cold water and folded, over

the bridge of the nose. Ice is still better. The head

must be kept up, as that makes less blood flow to

the nose. Sometimes it is useful to apply cold to

the back of the neck, by means of a wet handkerchief or

of ice. An old-fa.shioned remedy was to put a door-

key on the back of the neck ; door-keys u.sed to be

much larger than th« , usually are now, and the

reason for this remedy was simply that the big iron

key kept the neck cold.

A sprain is not an unconmion kind of accident.

You know that a joint is the meeti'^g-place of two

or more bones, and that these bones are bound together

by strong fibrous bands. When a sudden strain is put

upon a joint, as sometimes happens when one stumbles

or falls, the wrench may pull these bands out of place.

This is what we call a sprain. The joint becomes

swollen, and may be very painful. A sprain may

be very slight or it may be severe. A simple way

of treating a sprain is to hold the joint for a while

in a st!-eam of cold running water or under a water

tap. It should then be covered with cotton wool and

bandaged. A sprained joint nuist not be kept bandaged

so long that it becomes stiff. It slunild be moved gently

every day.

A hnu.'^e is caused by a blow or knock from

something hard. This injures the small blood-vessels

under the skin and causes the part to swell anri

to become discoloured. If the skin is broken, it must
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be kopt very clean to prevent the entnmce and growth

of diHea.se ijernis. When the skin is not broken, a

bruise retiuir-^js tlie same kind of treatment as a sprain.

Cold cloths should be applied, and the part should be

allowed to rest, with occasional gentle niovemejit.

Burw and scahls are coianion forms of accidents

among young children. A burn is produced by dry

heat, as, for example, by a hot iron or a flame. A
scald is cJiused by some hot liquid, such as boiling

water. In both burns and scalds the surface of the

skin is destroyed by heat, and extreme suffering often

follows. In England, where rooms are usually heated

l)y open tires, many fatal burning accidents have been

caused by children's clothes catching tire, and recently

a law was made ftjrbidding any one to leave a young

child alone \v a room unless the tire is protected by

a fireguard.

When a burn or scald is large, it rec^uires immediate

treatment by a doctor. In houses where there are

young children it is a good plan to keep in a box, ready

at liand, a simple dressing for occasional accidents

of this kind. For this purpose pieces of lint cloth

or old clean linen are us.'d. On these is spread an

ointment consisting of equal parts of boraeic mntment

and vaseline, just as butter is spread on bread. Two

pieces of the cloth are then laid with the ointment

sides together until they ar.i retpxired, when the injury

can be treated without a moment's delay. The cloth

is laid on the burn or seaM with the ointment next the

skin. It is then covered with cotton wool and bandaged.

Sometimes the pain of a burn can be greatly eased

by holding the part in hot water. The water should

l>e boiled.'' and should then be allowed to cool until

the heat can be borne. We must rememljer that
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m a burn or scald the skin is daumfjed and may bo

destroyed. Germs may, therefore, enter through the

break in tlie slcin, and the greatest care nuist be taken
to ke«p the injured surface entirely clean.

We have already mentioned that many burning
accidents have been due to the use of flannelette as

a clothing mat«'nal for children. It is cheap, l)ut

it flames up like matchwood if it i« touclied with fire.

The plan has recently been adopted of treating it with

a chemical substance which makes it much less in-

flannnable, but in the old form it should never be used.

If yo.i should happen to be in the room with a child

whose clothes catch fire, you nuiy be able by prompt
action to avoid a very serious accident. The best

way to p\it out the fire is to wrap something quickly

round the child so as to smother the fire; a thick

rug or a blanket is bt-st. If there is nothing at hand,

roll the child on the floor. The fire may often be

put out in this way, and in any ciise it prevents

the flames fi-om rising to the face of the child. Re-
member at the same time the danger of setting your
own clothes on fire. It would be a poor way of

helping to have two persona in flames instead of one.

A faint is a sudden loss of consciousness due to

the want of blood in the brain. One who faints should

be laid flat on the floor so that the blood may flow

easily to the head. The clothes should be loosened, and
the face bathed with cold water. When smelling salts

are at hand, a whiff of their pungent odour sometimes
helps. A faint generally passes off in a short time.

A r>orson who faints should consult a doctor without
delay in order to find out what has caused the faint.

It is vt ry f^Mjlish to faint again and again and do
nothing to have matters put right. A perfectly healthy
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person does not faint, and it is our duty to be

perfectly healthy if we can. Sometimes a girl says,

" I often faint," as if that were something to be proud

of. She should rather say, " I must try to find out

what is wrong and attend to it, so that I may never

faint again."

Sometiines one feels faint in a crowded meeting

or a close room. His best plan is to get outside

into the fresh air as soon as possible. If he feels

too faint to walk, he should sit down and bend forward

with his head between his knees. In this way the

blood is assisted to flow to the brain, and the faint may
be avoided.

An attack of unconsciousness together with violent

twitching and contraction of the muscles is known

as a Jit. The treatment during the fit is the same

as that for a faint. Sometimes when a person is in

a fit his tongue is apt to get seriously bitten by

the clenching of the teeth. This can be prevented

by holding something, such as a cork, between the teeth,

but care must be taken that it does not slip into

the mouth and cause choking. A fit shows that some-

thing is seriously wrong with the healtli, and a doctor

should always be consulted by one who suffers from

fits.

Frost-bite is an injury caused by intense cold check-

ing the circulation of the blood in some part of the

body. Chilblains are due to the same cause, but

not in so extreme or sudden a form. Frost-bite should

be treated by gentle rubbing with snow—where the

snow crystals are hard, wi'^h a fur glove—until the

circulation is restored. Warmth should not be applied,

as it causes a painful smarting of the skin. Chilblains

may be treated in the same way, but a wiser plan
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is to try to prevent them by usinjf roomy lx)ot8 and

loose warm clothing, by taking plenty of exercise, and

eating a sufficient quantity of fatty food.

Sudden illness may bo due to great heat as well as

to great cold. One who is exposed to the direct rays

of a hot sun may sutTer frcjm muwtr(>l<-e. Such ex-

posure should be avoided as far as possible, and a light,

well-ventilated hat should be worn when one is out-

of-doors. Even when we keep out of the sun, great

heat often causes exhaustion and illness. We CJin do

a good deal to prevent this by having as nuich fresh

air about us as possible, by taking frequent baths, and

by drinking a sufficient supply of cold water.

When a person suffers from sunstroke, the skin feels

dry and hot. He should be helped to some shady

place, his clothing should be loosened, and cold

water poured over his head. When exhaustion is

caused by heat, the person is pale and collapsed. He
should be treated as if he were in a faint, but wann
water should be applied to his face, and hot milk or

water given him to drink.

Chokiwj is not an uncommon accident with young
children. They may choke on pieces of food which

they are eating t^jo hurriedly, or by foolishly putting

objects such as marbles or coins into their mouth.

Suddenly the child finds that the object has " stuck

in his throat." A simple and useful plan is to slap

the child smartly on the back as he bends the body

forward, and this is often all that is required. If

that does not cause the removal of the object, we can

put a finger into the child's mouth until it touches

the back of the throat. This gives rise to the act of

vomiting, and the obstruction is generally expelled by
this means from the throat. Children should be warned
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against putting into their mouth things which ought

not to bo there. If tliey do not cauHu choking, they

may be swallowed and give rise to serious trouble.

Children sometimes push small objects, such as a

bead or the end of a pencil, into the votie or the canal

of the ear. If such objects do not come out easily

by bending the head and slightly shaking it, the best

plan in to leave them in until we can get the Jissistance

of a doctor. It will do no harm to let them remain

for a short time, but we might do much damage to

the lining of the nose or to the drum of the car by

clumsy efforts to remove them.

Gritty particles sometimes blow into the eye, and

are vei'y troublesome until they are removed. Engine-

drivers are said to treat this kind of accident by

rubbing the other eye. This makes both eyes water,

and the particle of grit is usually washed out. We
should never rub the eye into which the particle of

dust has been blown, as this is apt to press the rough

particle against the surface of the eye and injure it.

If the dust cannot be removed easily, it is better to

go to a doctor than to work much at the eye. Even

a slight injury to the clear front part of the eye may
cause permanent damage to the sight.

Dnnvning accidents are unfortimately very connnon.

Every summer the newspapers contain almost daily

•iccouuts of people wMio lose their lives by drowning,

or get into serious danger when Ixithing. Many of

these accidents would be avoided if all boys an<l girls

learned to swim. Still more lives would be saved if

they could not ojily swim but also know how to rescue

the drowning. ^lany boys and girls who were still

at school have had tht; ski!! and the oonrage to jump

into ths water and rescue a drowning comrade.
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It is not enough tliat wo should know how to

fiupiwrt a diowninij person in the water and bring him

to land. Wo sliould also know how to restore him

to consciousness if ho lias stopped breathing and is

apparently drowned. It must be remembered that

though a person may show no signs of life, and may
have been under water for several minutes, it is still

possible to restore him. Drowning is really due to

a want of air in the lungs, which sometimes become

filled with water instead, and what is needed to revive

the person is to get air into his lungs and to restore

the movements of breathing.

A good method of rescue. Seize ''<• drowning person from behind to prevent

his clutching you, and swim n your back, as shown in the sketch.

Several methods of resuscitation, as it is called, or

restoring breathing by artificial means, have been in-

vented, but none of those in use in former times were

simple enough to be used in every case of accident.

A few years ago a new method was suggested by

Professor Schiifer of Edinburgh University. This is

now known as the Schjifer method, and has been very

widely adopted on account of its simplicity and the

good results which it has produced. It is so simple

that any boy or girl can carry it out without assistance.

Let us see what this method consists in.

First lay the apparently drowned person flat on the

ground, face downwards; the head should be turned

to one side so that the mouth and nose may be clear
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of the ground. You inuHt not stop to looMn hiH

clothing, as every moment is precious. Then kneel
astride the person's body, or close to one side of him,
with your face towards his head. Place your hands
flat on either side of his spine, resting on his loins

and lower ribs, your thumbs parallel to his backbone
and irly touching one another. Then you are in

the right position to lx;gin work.

Now swing your Ixxly forward, keeping your elbows
straight, so that your wt'ight falls upon your hands,

pressing then firmly down upon the patient's \xx\y.

This part of the operation lasts while you count slowly
one, two, th ire. Then swing your body btickwards to the

posidiju from which you started, leaving your hands in

position, but removing your weight from them. This pait
of the process lasts while you count slowly oiie, two.

The forward swing is then repeated without a pause,

and is immediately followed by the backward swing,

each ' .nible movement taking about five seconds, or
being repeated twelve times in the minute. The move-
ments are easy, and you can continue them for nn
hour without fatigue if necessary. You must not
give up, indeed, until you have worked for at least

an hour withtmt a pause, or until natural breathing
is resumed by the patient.

You can see at once the use of these movements.
When your weight presses upon the patient's back and
loins, the lung space in his chest is made less, as it is

in your own chest when you breathe out. When you
relax the pressure, the different parts of his chest

spring back to their former position, and some air is

drawn into the lungs. So with your "one, two, three;
oiit', two," you imitate the natural movements of the
chest, and the air drawn into the lungs brings back the
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circulation of the blood and rcBtores the ' drowned

"

person to coiiHciousnoHs. In the meantime, no doubt,

other helpers will have got ready warm dry clothes and

blankets, hot-water bottles or

hot bricks, and other things

to restore warmth to the

body. But the one essential

thing is to restore breatli-

ing. Nothing must be allowed

to interfere with the process ^.^ ^ ^^^^
of artificial respiration, for

without this the patient will never regain consciousness.

In several of the rules of treatment we have given

for accidents you must have noticed that bandaging is

mentioned. The most common kind of bandage is

known as the roller

bandage. This is a

narrow strip of cloth,

from 2 A to 4 inches

wide, which is kept

neatly rolled up until

it is wanted. In

former times careful

housewives kept old

linen for bandages,

and often th<> same

bandage was used again and again. A much Ijetter

plan is to use bandages made of cheap cotton material,

and to burn them after they have been used.

It is very important to be able to bandage an injured

limb or other part of the body so as to cause no dis-

comfort. Th'^ 'uly way of learning this is by practice.

The bandage ? nst be firm enough t« stay in position

and to act as a support and a protection, but it must

Bandtiging an ankle.
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not press so much on any part as to check the circu-

lation. It is of great assistance to cover the part with

cotton wool before bandaging. This fills up hollov ;

and makes it more easy to put on the bandage smc » hly

and with equal pressure. In bandaging a lin^ wo

should always begin at the lower part and wor.. up-

wards.

In all cities, and in most country districts as well,

there are classes held where people can learn how to

treat such simple casoa of accident as we have \jeen

speaking of. Thes'i ambulance or first-aid classes have

done much good. Whenever a street accident cccurs

there is almost sure to be some intelligent person at

hand who has enough knowledge to be of service.

Boys often learn very useful lessons of this kind m
the Boys' Brigade or the Boy Scout cla.>ses. To :;ttend

such classes is one of tlie best ways to prepare ourselves

for being of real use, and then we shall not merely

stand and shriek when a i accident happens.

THE EN7>.

fH'tm
' ' til






