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INTRODUCTION.

I. T.ET US suppose that it is summer-time, that you
are m the country, and that you have fixed upon a
certam day for a holiday ramble. Some of you are
gomg to gather wildflowers, some to collect pebbles
and some without any very definite aim beyond the
love of the holiday and of any sport or adventure
which it may bring with it. Soon after sunrise on the
eventful day you are awake, and great is your delight
to find the sky clear and the sun shining warmly. It
IS arranged, however, that you do not start until after
breakfast-time, and meanwhile you busy yourselves in
gettmg ready all the baskets and sticks and other gear
of which you are to make use during the day. But the
brightness of the morning begins to get dimmed. The
few clouds which were to be seen at first have grown
large, and seem evidently gathering together forn storm
And sure enough, ere breakfast is well over, the first
ominous big drops are seen falling. You cling to the
hope that it is only a shower which will soon be over
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and you go on with the preparations for the journey

notwithstanding. But the rain shows no symptom of"

soon ceasing. The big drops come down thicker and

faster; Uttle pools of water begin to form in the

hollows of the road, and the window-panes are now
streaming with rain. With sad hearts you have to

give up all hope of holding your excursion to-day.

2. It is no doubt very tantalizing to be disappointed

in this way when the promised pleasure was on the

very point of becoming yours. But let us see if we
cannot derive some compensation even from the bad

weather. Late in the afternoon the sky clears a little,

and the i^ain ceases. You are glad to get outside

again, and so we all sally forth for a walk. Streams of

muddy water are still coursing along the sloping road-

way. If you will let me be your guide, I would advise

that we should take our wal^ by the neighbouring

river. We wend our way by wet paths and green

lanes, where every hedgerow is still dripping with

moisture, until we gain the bridge, and see the river

right beneath us. What a change this one day's heavy

rain has made ! Yesterday you could almost count

the stones in the channel, so small and clear was the

current. But look at it now ! The water fills the

channel from bank to bank, and rolls along swiftly.

We can watch it for a little from the bridge. As it

rushes past, innumerable leaves and twigs are seen

floating on its surface. Now and then a larger branch,

or even a whole tree-trunk, comes down, tossing and

rolling about on the flood. Slieaves of straw or hay,

planks of wood, pieces of wooden fence, sometimes

a poor duck, unable to struggle against the current,

roll past us and show how the river has risen abov€

*n
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its banks and done damage to the farms higher up its
course.

3. We linger for a while on the bridge, watching this
unceasing tumultuous rush of water and the constant
variety of objects which it carries down the channel.
You think it was perhaps almost worth while to lose
your holiday for the sake of seeing so grand a sight as
this angry and swollen river, roaring and rushing with
its full burden of dark water. Now, while the scene'
is still fresh before you, ask yourselves a few simple
questions about it, and y* will find perhaps addi-
tional reasons for not regretting the failure of the
promised excursion.

4. In the first place, where does all this added mass
of water in the river come from ? You say it was the
rain that brought it. Well, but how should it find its
way into this broad channel? Why does not the rain
run off the ground without making any river at all ?

5. But, in the second place, where does the rain
come from ? In the early morning the sky was bright,
then clouds appeared, and then came the rain, and you
answer that it was the clouds which supplied the rain.
But the clouds must have derived the water from some
source. How is it that clouds gather rain, and let it

descend upon the earth ?

6. In the third place, what is it which causes the river
to rush on in one direction more than another ? When
the water was low, and you could, perhaps, almost
step across the channel on the stones and gravel, the
current, small though it might be, was still quite per-
ceptible. You s?w that the water was moving along
the channel always from the same quarter. And now
when the channel is filled with this rolling torrent of

p 2
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dark water, you see that the direction of the current is

still the same. Can you tell why this should be ?

7. Again, yesterday the water was clear, to-day it

is dark and discoloured. Take a little of this dirty-

looking water home with you, and let it stand all night
in a glass. Tomorrow morning you will find that it

is clear, and that a fine layer of mud has sunk to the
bottom. It is mud, therefore, which discolours the
swollen river. But where did this mud come from ?

Plainly, it must have something to do with the heavy
rain and the flooded state of the stream.

8. Well, this river, whether in shallow or in flood, is

always moving onward in one direction, and the mud
which it bears along is carried towards the same point
to which the rivei itself is hastening. While we sit on
the bridge watching the foaming water as it eddies
and whirls past us, the question comes home to us
—what becomes of all this vast quantity of water and
mud?

9. Remember, now, that our river is only one of
many hundreds which flow across this country, and
that there are thousands more in other countries

where the same thing may be seen which we have
been watching to-day. They are all flooded when
heavy rains come ; they all flow downwards ; and all

of them carry more or less mud along with them.

10. As we walk homewards again, it will be well to

put together some of the chief features of this day's

expedence. We have see'^ that sometimes the sky

is clear and blue, with the sun shining' brightly and
warmly in it ; that sometimes clouds come across

the sky, and that when they gather thickly rain is apt

to fall. We have seen that a river flows ; that it is
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swollen by heavy rain, and that when swollen it is apt
to be muddy. In this way we have learnt that there
IS a close connection between the sky above us and
the earth under our feet. In the morning, it seemed
but a little thmg that clouds should be seen gathering
overhead; and yet, ere evening fell, these clouds led
by degrees to the flooding of the river, the sweeping
down of trees, and fences, and farm produce ; and it
might even be to the destruction of bridges, the inun-
dation of fields and villages and towns, and a large
'destruction of human life and property.

n. But perhaps you live in a large town and have
no opportunity of seeing such country sights as I have
been describing, and in that case you may naturally
enough imagine that these things cannot have much
mterest for you. You may learn a great deal, how-
ever, about ram and streams even in the streets of a
town. Catch a little of the rain in a plate, and you
will find It to be so much clear water. But look at it
as It courses along the gutters. You see how muddy
It IS. It has swept away the loose dust worn by wheels
and feet from the stones of the street, and carried it
into the gutters. Each gutter thus becomes like the
flooded river. You can watch, too, how chips of
straw, corks, bits of wood, and other loose objects
lying in the street are borne away, very much as the
trunks of trees are carried by the river. Even in a
town, therefore, you can follow how changes in the sky
lead to changes on the earth.

12. If you think for a little, you will recall many
other Illustrations of the way in which the common
things of everyday life are connected together. As far
back as you can remember, you have been familiar with
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such things as sunshine, clouds, wind, rain, rivers, frost,

and snow, and they have grown so commonplace that
you never think of considering about them. You cannot
imagine them, perhaps, as in any way different from
what they are ; they seem, indeed, so natural and so
necessary that you may even be surprised when anyone
asks you to give a reason for them. But if you had
lived all your lives in a country where no rain ever
fell, and if you were to be brought to such a
country as this, and were to see such a storm of rain
as you have been watching to-day, would it not be
very strange to you, and would you not naturally
enough begin to ask the meaning of it? Or suppose
that a boy from some very warm part -of the world
were to visit this country in winter, and to see for the
first time snow fall, and the rivers solidly frozen-over,
would you be surprised if he showed great astonish,
ment? If he asked you to tell him what snow is, and
why the ground is so hard, and the air so cold, why
the streams no longer flow, but have become crusted
with ice—could you answer his questions ?

13. And yet these questions relate to very common,
everyday things. If you think about them, you will
learn, perhaps, that the answers are not quite so easily
found as you had imagined. Do not suppose that
because a thing is common, it can have no interest for
you. There is really nothing so common as not to
deserve your attention, and which will not reward you
for your pains.

14. In the following pages I propose to ask you to
look with me at some of these common things. You
must not think, however, that it is my wish merely to
set you certain lessons which you have to learn, and
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to give you some rudiments of knowledge which you
must commit to memory. I would fain have you not
to be content with what is said in this little book, or
in other books, whether small or great, but rather to
get into the habit of using your own eyes and seeinf'
for yourselves what takes place in this wonderful
world of ours. All round you there is abundant
material for this most delightful inquiry. No excur-
sion you ever made in pursuit of mere enjoyment and
adventure by river, heath, or hill, could give you more
hearty pleasure than a ramble with eyes and ears alike
open to note the lessons to be learnt from every day
and from every landscape. Remember that besides
the printed books which you use at home, or at school,
there is the great book of Nature, wherein each of us,'

young and old, may read, and go on reading all through
life without exhausting even a small part of what it

has to teach us.
'

15. It is this great book—Air, Earth, and Sea—
which I would have you look into. Do not be content
with merely noticing that such and such events take
place. For instance, to return to our walk to the
flooded river; do not let a fact such as a storm or
a flood pass without trying to find out something
about It. Get into the habit of asking Nature ques-
tions, as we did in the course of our homeward walk.
Never rest until you get at' the reasons for what you
notice going on around you. In this way even the
commonest things will come to wear a new interest for
you. Wherever you go there will be something for
you to notice

; something that will serve to increase
the pleasure which the landscape would otherwise
aflford. You will thus learn to use your eyes quickly
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and correctly; and this habit of observation will be of

path of life which lies before you.
1 6. In the following Lessons I wish to show you what

sor of questions you may put about some of the chief

of ?.ese M 'T'
'' fT'^ ^"' ^^P^^'^^'^ ^bout twoof these-the Air and the Earth. Each of us shouldknow something about the air we breathe and the earth

Onr 1^"^^' ^""^ ^^°"' '^' '"^^^>'^"« between them.

when ,t enabled us to connect the destruction offencesand farms with the formation of clouds in the sky.Many other relations remain for you to find out. In
racing these you are really busy with science, with
that branch of science called Physical Geography,
which seeks to describe this earth with all the move!mencs which are going on upon its surface. And vet

hueres'tin^"' V
^'^'"^ ^" ""^'''^"^ very difficult or un-

eveftt^ 'u-
'""P^^ ^^'^^^"g ^^*h attentive

eyes the changes which are continually taking placearound you, and seeking to find out L m earning of
these^ chpnges, and how they stand related to each

THE SHAPE OF THE EARTH.
17. Before observing what takes place on the surfaceof the earth it may be well if you form a clear notion

about the shape of the whole earth as a mass, and ifyou hx in your minds some of the great leading
eatures of the connection between the earth and
the sun.

18. vWhen you stand in the middle of a broad flat
country, or look out upon the wide sea, it seems to
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you as if this world on which we live and move were
a great plain, to the edge of which you would come if

you went far enough onward. This is the first notion
we all have as children. It was also the firm belief
of mankind in early times. The sun and moon were
then thought to rise and set only for the use of people
here

;
and the sky, with all its stars, was looked upon

as a great crystal dome covering and resting uijon
the earth.

19. But you can easily prove to yourselves that the
eye is deceived about the flatness of the earth, and
that what seems quite level is in reality curved. In a
wide level country, such as many parts of the midland
and eastern counties of England, you cannot see trees
and houses farther away than some four or five miles. J f
you climb to the top of a church tower, you find many
objects come into sight which you could not have
seen from the ground. And if there should happen
to be a range of hills in the neighbourhood, you would
note from their tops a still larger number of points
which before were hidden. The higher you climb
above the ground, therefore, the further you can see.

20. Again
: suppose you were at the bottom of a tall

sea-chff, and on looking out to sea were to note the
sails of a distant ship. If you mounted to the top of
the chff; you might see not only the sails, but the
whole vessel, and your eye would probably pick out
ships still further away, appearing as mere specks
along the line of meeting between sea and sky, and
which you could not see at all from the beach.

21. Suppose further, that you were to sit down on the
top of that cliff, and watch these vessels for a time
Some of them, which at first were so far away that
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they could hardly be seen, would probably seem to
grow bigger and clearer. You would begin to make
out the tops of the masts and sails ; by and by the
rest of the sails would appear, until at last the hulls
too came into sight. These vessels would seem to
you to have sailed up over what used to be thought
the edge of the world.

Fig. r.-Disappearance of a Ship a. S-ia owing to the curved surface of
the Earth.

22. On the other hand, some of the ships which were
near you at first will gradually sail away towards the
same distant parts. Their hulls will dip down into
the sea, as it were ; then the sails will slowly sink, and
m the end all trace of the vessels will have vanished.

23- Now, in making these observations, you will have
gathered facts which prove that the world we live in
is not a flat plain, but has a curved surface, or in other
words is a globe. To use your eyes in this way, and
seek out the meaning of that which you see, would
neither be a hard nor a dull task ; and yet you would
really be engaged in what is called observational
science. When you watch how the ships at sea appear
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to you as they come and go, you observe facts. When
you put the flicts together, and reason out their con-
nection and meaning, and find that they prove the
roundness of the earth, you make an induction or
mference from them. Now it is this union of obser-
vation and induction which makes science.

24. You may observe, then, and prove that the old
and natural-enough notion about the flatness of the
earth is quite untrue ; and that, flat as the sea and
land may appear, they are only parts of a great curve.
If you were to set sail from England, and keep sailing
on in the same general direction without turning back
you would in the end come to England again. Yoi!
would sail round the world, and prove it to be actually
a globe. Now, this has often been done. Many voy-
ages have been made round the world, and, instead
of coming to Its edge, the voyagers, or ''circumnavi-
gators, as they are called, have always found the
land and sea to wear the same curved surface which
we can see for ourselves at home.

25. Though you may find it easy enough to believe
that the surface of the earth is part of a curve when
you look out,upon the broad sea, yet when you see
a landscape where the ground is very uneven, such,
for example, as a region of high mountains and deep
valleys, you may find perhaps some difliculty in under-
standing how it can possibly be that such an irregular
surface can be spoken of as part of a curve. In
reality, however, the earth is so big, that even the
highest mountains are in comparison merely like little
grains on the surface. It is only when the surface is
level, as on a great plain or on the sea, that we can
usually judge by the eye as to the real form of the
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earth. But even in the most rugged ground the curve
IS there, though we may fail to notice it

26. But the curve, after all, is a ve'ry gentle one.You cari see the vessels at sea for many miles before
they smk down out of sight. The fact that the curve
«s so gentle shows that the circle of which it fomis

Fig. 2 •The Earth and Moon as they would appear seen from the Sun.

part must be of great size. Now, it has been measured
by astronomers, and found to be so big that if a rail-
way train could go completely round the earth at a
rate of thirty miles an hoiir without stoppage, it would
take more than a month to complete the circuit.
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DAY AND NIGHT.

vou hJ'? ''^ '^^^' •'" •" ^''"^ "^ J'"" '•^" --emember,

the sky. Night after night, when the air has been freefrom clotKl you have .seen the moon and stars saiLslowly overload. Vou cannot be n,ore conficlen ofanythmg than you are that the sun will appear agahto-morrow, and move on from year to yei as it ha•lone ,n the past. You have seen that a slow, regulr

1 e e'tt"'",!
""'"" ""^^ '° ^^ ^°'"« o" ^" -'.nd

cau.s:"f ;his"™;i/n°>
"'^^ "™'^^^" ^^'^'^' -" "^^ '^^

28. When the sun shines it is warm, when cloudsODscure the sky the air is more chilly, and at nthtwhen the sun does not shine at ah, w/feel a sensati

'

Of cold. Agam
: by day the sky is filled with bVhfbut when the sun sinks in the w^s, darlneJ be^l''

Surdt" 'ttf'T'T"^-- ''-"gni anci heat. It is evident that we cannot nronerlvunderstand what takes place upon the earth u nil elearn »n,eth,ng about the relations of the eanh ^o

29- Perhaps your first impression has been like that of

toTe^a I'L':;"^
'°';^ ^«°' "^"^^ "eiie::dthe*

.

to remain as the li.ved central point of the univers,.

rZTvinI'" To^" h'-

T™' =""" ''^^^ -- cVa^S;
bodies af'ruTnJ .'^". '''''^'^ °^ *'^'^ ''^^-enly

them ., - ^ "'' ""'"S- as if we still reg.nrdJthem as penorinmg a journey round the earth

arM,"' '•r.?i°^,.^_f"=
"^^-"'- Of the universe

ourear.hisinrealityonlyone;f7;;;,;;:;,:™:
enly
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bodies wIulIi travel unceasingly round the sun. 'i'lio

sun is the great cental hot mass which warms and
lights the earth, and .ound which the earth is con-

tinually circling.

3 1

.

The succession of day and night seems to be

owing to the movements of the sun, but in reality it is

caused by the turning or rotation of the earth itself.

You can readily illustrate this. Set a humming-top
spinning as rapidly as you can. It seems to stand

for a while motionless upon its point, but actually it

is rotating with great rapidity. Imagine a line passing

straight up from the point below, to the top of the

stalk above. Every part of the top is spinning round

this central line, which is called the axis of rota-

tion. In the same kind of way the earth is spinning

rapidly on its axis.

32. Again : take an ordinary school-globe, and place

a lighted candle a few feet from it, in a line with the

brass circle. You can make the globe turn round on
its axis. Whether it is allowed to remain at rest or

is sent spinning round rapidly, the half of it next the

candle is lighted, and the other half away from the

candle is in shade. When it is at rest, the places

marked on one side remain in the light, while those

on the opposite side remain in the dark. As you turn

it round, each place in succession is brout^; . rw md to

the light, and carried on into the shao'' acfnlr. And
while the candle remains unmoved, the rotation of

the globe brings alternate light and darkness to each

part of its surface.

y . Instead of the little school-globe in this illustra-

t n, inu gine our earth, and in place of the feeble

ca d;<i, the grer. sun, and you will see how the rotation
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of tlie earth on its axis must bring alternate light and
darkness to every country.

34. You nuist not suppose that there is any nctual
ro(l passing through the earth to form the axis round
whiclj ,t turns. The axis is only an imaginary line,
and the two opposite points where it reaches the sur-
Aice, and where the ends of the rod would come out

Nn'I T^''!'
""^ ^'^"^^ ''^'•^'^ *'^'"g' ^'^ c^"^-^i theNorth Pole and the South Pole. Ihcy are

represented by the two little points by which the
school-globe is fixed in its place.

35. Round this axis the earth spins once in everv
vventy-four hours All this time the sun is shining

^tca lily and fixedly m the sky. But only those partsof the earth can catch his light which happen a anymoment to be looking towards him. There musialways be a bright side and a dark side, just as the ewas a bright side and a dark side when ^ou placed
the globe opposite to the candle. Now you caneasdy see that if there were no motion in the earth
lialf of Its surface would never see the light at all'while the other half would never be in darkness But

anTshLT'^Vh"'^ ^"^ ^^ '^^^^"^^^^^ ^""--^^dana shaded. When we are catching the sun's light

3<>. The sun seems to move from east to west. Thereal movement of the earth is necessarily just the
reverse of this, viz. from west to east. In the mora
^-b w~ a..„ v^nic,; round into the sunlight, which

climh?H
^\''' T- ^"'"^"^ ^^^ sun'se'ems to

^o him n. '^^""^'l^^ ^^^ ^^-"gJ^t directly opposite
to him at noon, and gradually he sinks again to set in
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the west, as the earth in its constant rotation bears us

round once more into the dark. Even at night, how-

ever, we can still trace the movement of the earth by

the way in which the stars one by one rise and set, until

their lesser lights are quenched in the returning light

of another day.

37

.

All the time that the earth is rotating on its axis it

is circling or revolving round the sun. This motion

is called the revolution of the earth in its orbit.

To go completely round the sun, the earth has to travel

over so wide a circle or orbit, that it takes rather

more than three hundred and sixty-five days to per-

form the journey, even though it is rushing along at

an average speed of about nineteen miles in a second.

38. By the motion of rotation, time is divided into

days and nights, by that of revolution it is marked off

into years. So that in this way the earth is our great

time-keeper.

THE AIR.

I. What the Air is made of.

39. When we begin to look attentively at the world

around us, one of the first things to set us thinking

is the air. We do not see it, and yet it is present

wherever we may go. At one time it blows upon us

in a gende breeze, at another it sweeps along in a

fierce storm. What is this air?

40. Although invisible, it is yet a real, material sub-

stance. When you swing your arm. rapidly up and down

you feel the air offering a resistance to the hand. The

air is something which you can feel, though you cannot

see it. You breathe it every moment. You cannot get
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away from it, for it comple"^^i7iIi^^^
ro th,s outer envelope of air, the r^ame of Atmospiiere is given.

^tmo

.
try i-rimer (Art. 9) you learn that the air is not a simnipsubstance, but a n.ixture of two invisible gases cJi?nitrogen and oxygen. But besides the eS inlred.ems, u contains also small quantities of othe sub-stances

;
some of which are visible, others nvLib e nyou close the shutters of a room and let tl?» r u

are of chief miportance
; and among them thereTre

come to see why it ,s need^'l^u'^^1^
42. Now what is this vapour of water? You willunderstand ,ts nature if you watch what takes pCe•vhen a kettle boils. From the mm.th ..f ,1

^

kettle is all the while Jwl't ! ..T^^l^f^^^ !" ^^e
growing less, until at last, ifdo not repleni.sh iK the W J 1VilT;

"""!-"'- ^^^^' ^^y^"

the kettle w/
"

'".
1 V "^ ^^ ^^^^ed away, and

he wa^ ? V ^7 "^T
^^^"' '^^^ become nV .nthe ^^ater? You have changed it into

not destroyed or lost
'

m a

become
^apour.

of all

It is

IV.
ny way, it has only passed
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from one state into another, from the liquid into the

gaseous form, and is now dissolved in the air.

43. Now the air always contains more or less vapour

of water, though you do not see it, so long as it remains

in the state of vapour. It gives rise to clouds, mist,

rain, and snow. If it were taken out of the air, every-

thing would be dried up on the land, and life would

be impossible. As you learn more and more of the

changes which take place from day to day around you,

you will come to see that this vapour of water plays

a main part in them all.

44. Carbonic acid gas is also one of the invisible

substances of the atmosphere, of which, though it

forms no more than four parts in every ten thousand,

ye.t it constitutes an important ingredient. You will

understand how important it is when you are told that,

from this carbonic acid in the air, all the plants which

you see growing upon the land extract nearly the whole

of their solid substance (see Chemistry Primer, Art.

11). When a plant dies and decays, the carbonic acid

is restored to the air again. On the other hand, plants

are largely eaten by animals, and help to form the

framework of their bodies. Animals in breathing

give out carbonic acid gas ; and when they die, and

their bodies decay, the same substance is again re-

stored to the atmosphere. Hence the carbonic acid

of the air is used to build up the structure both of

plants and animals, and is given back again when

these living things cease to live. There is a continual

coming and going of this material between the air

and the animal and vegetable kingdoms (see Che-

mistry Primer, Art. 13).
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II. The Warming and Cooling of thTAiT

the air is st Hi n/
'^^'^^^o^ion. But even when

s-i£S"-" !
"»* --

"arn'ed and coifed
""°" "''"^ "''"S^' ^^" >>«

trat'd ?whruat?nT'' '°°""f
"' "'^ ^" '^ *^" '""-

pass ouYof a"arm ±" '" ' ''*^."'"g-h<'"^e. If you

open air when Xe^e si'
°"

%
*'"'"'^ ^'^' '"'<> '^e

of cold. Whence Hn ?,
"'^' ^°" '^='=' =" ^'="=«'on

Physics Primfr Art 6,7 o ^^.'"""u'"'"
"'= ^'^ (^««

standing a "w,e „ the cwilv winT"'""''
"' ^'"'^^

of its heat by you ^ '"""' ''"'' '^ "'"^ ^^bed

means ofX LrmoUTT", '''"' '""^*'^- ^^

Physics' Pr^ Art o'
^^ '' '"^'"'"^'^ '" "^"^

chaVs of h:a't td =c V^hi,;- e^^e '^^"':

sens,t.ve skin would fail to detect.
^°"

c a



i 20 SCIENCE PRIMERS. [the

I :i

48 Now, how is it that the atmosphere should

sometimes be warm and sometimes cold? Where

does the heat come from? and how does the air take

it up? • r *.u

49. Let us return again to the illustration of the

house. In winter, when the air is keen and frosty

outside, it is warm and pleasant indoors, because fires

are there kept burning. The burning of coal and

wood produces heat, and the heat thus given out

warms the air. Hence it is by the giving off or

radiation of the heat from some burning substance

that the air of our houses is made warmer than the air

outside.
. ^ u ,. J

50. Now, it is really by radiation from a heated

body that the air outside gets its heat. In sum-

mer this air is sometimes far hotter than is usual in

dwelling-houses in winter. All this heat comes from

the sun, which is an enormous hot mass, continually

sending out heat in all directions.

CI But, if the sun is always pouring down heat upon

the earth, why is the air ever cold? Place a screen

between you and a bright fire, and you will imme-

diately feel that some of the heat from the fireplace

has been cut off. When the sun is shinmg, expose

your hand to its beams for a time, and then hold a

book between the hand and the sun. At first, your

skin was warmed ; but the moment you put it m the

shade, it is cooled again, The book has cut off the

heat which was passing directly from the sun to your

hand. When the atmosphere is felt to be cold, some-

thing has come in the way to keep the sun's heat from

directly reaching us.

52. Clouds cut off the direct heat of the sun.
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You must often have noticed the change n( f.^

Zth T' ^ T"^
~'"^' l'""^™ « and thi

that heat has to make its way, the more heat wHl be

l>ave alsofhe' ea^ h^lZZf 1" f ^^""^'' ^"'^

before the, reach us'/'tst l^nS T^hfa^
arm'lLTrc^rr^ ri' -^^
thickness of air (aTit rZf^ v

""''^""y '"creasing
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54. At night, when the sun no longer shines, its

heat does not directly warm the part of the earth in

shadow. That part not only receives no heat fr9m it,

but even radiates its heat out into the cold sky (see

Art. 59). Hence night is much colder than day.

55. Then, again, in summer the sun at noon shines

much higher in the sky with us, or more directly over-

head, than in winter. Its heat comes down less

obliquely and has less depth of air to pass through,

and hence is much more felt than in winter, when,

as you know, the sun in our part of the world never

rises high even at midday.

56. From all this it is evident that we get our sup-

plies of heat from the sun, and that anything coming

between us and the sun serves to interrupt this heat

and give us the sensation of cold.

57. Still, if we were dependent for our warmth upon

the direct heat of the sun alone, we should be warm

only when the sun shines. A cloudy day would be

an extremely cold one, and every night as intensely

frosty as it ever is in winter. Yet such is not the

case. Cloudy days are often quite warm ;
while we are

all aware that the nights are by no means always very

cold. There must be some way in which the sun's

heat is stored up, so that it can be felt even when he

is not shining.

58. Let us again have recourse to our first illus-

tration. If you place the back of a chair opposite to

the fire, you will find that it gets so hot that ycu can

hardly touch it. Remove the chair to a distant

of the room, and it quickly cools. Hence a pj

the heat from the fire has been absorbed by

wood, and again given out.

of
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59. In like manner in summer the around oei^warmed : m some mrt« in^^^^ u •

s*^"""" gets

hot countries this is felt ^udfmt ZnTBlin"i>oil and stones absorb lieat readiW r-L • .
"'

rhi'iii, r\ ^i. , ' ^ '""® above is not so

^™^H • ^.°*" ''""d' '^''™ 'he surface of theground IS cold, it cools the air next ii Th7 I
parts easily with its heat, and a v"ast alunTofC
to ^

""y,7*^'^d «' night from the ear h outward

would belo^T T^- ^"'''' ""^ '-'''. howevetwould be lost from this cause did not the al,nnH,„,

proportion of the vapour of water—the nights are reatively colder than they are in other coumrie, wherethe a^ ,s moister. In like manner, clouds ser^e,"keep heat from escaping; and hence it is tha cloudy
nights are not so cold as those which are ctr and

cordinJas it"l',°?''''''
'"'''' '^ ''^^'^'^ " ^"o'^d accoraing as it lies upon a warm or cold part of the

r *i:":^^^V'
'"'' "" """'"' °f "^ aqueous vajou.

ihe earth "from'' "V"^
"^'^'"""'^ "''^ ^'''' ^'^P^^S

o^^XiZu ^^"^"^^ °^ ^"-'« - would
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III. What happens when Air is warmed
or cooled—Wind.

6 1. The air lying next to a hot surface is heated
;

the air touching a cold surface is cooled. And upon

such differences of temperature in the air the formation

of winds depends.

62. Hot or warm air is lighter than cold air. You
have learnt how heat expands bodies (Physics Primer,

Art. 49). It is this expansion of air, or the separation

of its particles further from each other, which makes

it less dense or heavy than cold air, where the particles

lie more closely together. As a consequence of this

difference of density, the light warm air rises, and the

heavy cold air sinks. You can easily satisfy yourselves

of this by experiment. Take a poker, and heat the

end of it in the fire until it is red-hot. Withdraw it,

and gently bring some small bits of very light paper

or some other light substance a few inches above the

heated surface. The bits of paper will be at once

carried up into the air. This happens because the air

heated by the poker immediately rises, and its place

is taken by colder air, which, on getting warmed, like-

wise ascends. The upward currents of air grow feebler

as the iron cools, until, when it is of the same tem-

perature as the air around, they cease.

63. This is the principle on which our fireplaces are

constructed. The fire is not kindled on the hearth,

for, in that case, it would not get a large enough

draught of air underneath, and would be apt to go

Out. It is placed some way above the floor, and a

chimney is put over it. As soon as the fire is lighted,

the air next it gets warmed, and begins to mount, and

the air in the room is drawn in from below to take the
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place of that which rises. All the air which lies above

oi rTh^:r ^ '''' ''''''^ ^"^ ^'^^^^-
^

^t tw: e

RasTs ^Yon
'^'.7^^',^^^^y^"g ^ith it the smoke and

htl? J •

'^^ ""^Jerstand that though a bright

::rm^:;he:utrar
'"--

'- ^-"^^ ---^
place r'i f.?^'"'

'". " '"''" ^^^ ^" °"^ ^^°"«^« takesplace on a far grander scale in nature. As alreadv
pointed out (Art. 50), the sun is the great sou ce of

he" othe r™^ "' "^'^^"'^ °"^ ^^^'- ^™ tlTe

ttll^n h! 'T'''''^
'^'""^^ ^^^ ^^^' it does verymlein the way of warming it. The heat goes throughhe ajr, and warms the surface of the earth You know

nou'hToT"
'''

T""' "^^ °^ ^^^ ^- -e 1?^

thinL? r ^"""^ ^''"' ""^ y^^' '^ y°" P"t even ahm sheet of paper over your head, enough to cut off

off'ri.r' ,^'r'"^^^'°"
"'^"^-"^ h^-t ft once goes

off, although the same air is playing about you alfthe

ravt^ard^thJ"'"'^ ^"u
""'''' ^'' ^''^''^ ^3' the sun's

X'h fil.'"?'
'^'"°' '" '^'' ^' then takes placewh.ch we find also at our firesides. The layer of airnext the warmed earth becomes itself warmed. As ithereby grows hghter it ascends, and its place is takenby colder air, which flows in from the neighbourhood

to take Its place. This flowing in of air is Wind
winH

'' ^'^% ^''" ^'°" "°^^' ^"d then to watch howwind arises. Suppose, for instance, that during thesummer you spend some time at the sea-coast. In themorning and early part of the day a gentle wind will
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often be noticed, blowing from the land out to sea.

As the day advances, and the heat increases, this wind
dies away. But after a while, when the day is beginning

to sink towards evening, another breeze may be noticed

springing up from the opposite quarter, and blowing
with a delicious coolness from the sea to the land.

These breezes are the result of the unequal heating

and cooling of the sea and land.

67. Let us understand how this takes place. On a
hot day you find that stones, soil, or other parts rvf the

land get very warm under the sun's rays
; yet if you

bathe in the sea at that time you feel its waters to be
pleasantly cool. This shows *hat the land becomes
more quickly hot than the sea. After such a hot day
you will find that at night the surface of the land

becomes much colder than the sea, because it parts

with its heat sooner than the sea d v ,3. By day the

hot land heats the air above it, and makes it lighter,

so that it ascends ; while the cooler and heavier air

lying on the sea flows landward as a cool and re-

freshing sea-breeze. By night this state of things

is just reversed ; for then the air which lies on the

chilled land being colder and heavier than that which
covers the warm-r sea, flows seaward as a cool land-

breeze.

68. Take a school-globe, and notice some of the

lines which are drawn round it. Midway between the

two poles you will notice a line running round the most
projecting part of the globe. This line is called the

equator. It divides the globe, as you see, into two
halves or hemispheres. Now, over the parts of the

earth which this line traverses, and for some way on
either side, the sun shines with intense heat all the
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uegree, and streams upwards in icr,.r,ri;«
7>,,. . .

, ,

"p»vaiuj5 m ascenclmc: currents

up into the higher regions of the atniosi>here thecooler air fron north and south flows in aTo.^ he

of airmto the e<,uatorial regions forms what are known^ ?,,"''" ^""^'- "^'''^ ^'-^^'"ness of these w nland the way m which they may be counted \rZ innavigation, led long ago to their being caUed by thJ^present name.
^oncu oy tneir

69. In our country the winds are by no means soregular and constant. If you look at the man andmark the position of Britain upon the surface of tieearth, you will readily notice some obvious reason^why our wmds should be variable. To the west hethe wide Atlantic Ocean; to the east, beyond tienarrow and shallow North Sea, stretches the C^ contmental mass of Europe and Asia. Seas ..„d a„d"much colder than ours lie to the north
; others m"chwarmer than ours spread to the south. So that"v^hso variable a surface receiving the sun's heat, we maybe quae prepared to find that sometimes a wirm wM

frimanXr""^
'"'"'^^' ^""^ ^°">^'™- ^ ~"<' --"

an7co?denLTo"„: " ''^ ""'' ^-P-^ion

air\:as°l\::d t^7'roTl '"^""'^"'^ '" "'^

T^. .
"' " "' •^^' '° ^^ the vapour of water

omT^7 \:7"ll°' ^"' ""^^ ' g«' -'» -dtut
01 the air And in this case, as before, you will findthat great questions in science often admit of being
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simply and readily illustrated by the most familiar

'";^f'in a warm room, where a good fire has been

hnrnine all dav, and a number of people have been

Sd toge'h ^ you might suppose that the a,r must

betolerably dry. But bring a tumbler of .ce-cold

water nto the room, and mark what happens to ...

You will see the outside of the glass """^edrnte y

covered with a fine film of mist. In a httle wh.le

mTntne dn ps of water will form out of tins film, and

wm go on growing, until, ptrhaps, some of them unue

and trickle down the side of the tumbler.

,r You may have noticed, too, that on very co d

nights the windows of sitting-rooms or crowded pub c

hlns are apt to be found streaming with water on the

'"f/' Now, in such cases, where does the moisture

come from Certainly not out of the glass. It is

deHvedfrom the vapour of water present .n the a,r^

This word vapour is often used to describe some k.nd

TslL mist or fog. But these visible forms of mo.s-

L are not properly vapour in the sense m which he

term is used in science. The aqueous vapour of the

a™ alwlys invisible, even when the air is saturated

w[th it, and only when it passes back into the state of

water do you actually see anything. ... .,

,. When the invisible vapour dissolved in the

air becomes visible, as in mists, clouds dew, or rain,

r is said to be condensed, and this process of

liniiefiction is called condensation.
^ TThe "quantity of vapour which the air can

contain varies according to temperature, warm air

bebg able to hold more than cold air. You can show
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Dreath a quantity of aqueous vapour; when the air W

Se H, , Tf
' °Tl ""• ""^^ ''^

''^P' dissolvedtnere Hut if you cool the breath as it leaves vour

Iture -rr" '' =" °"^^ <=°""-'-d i"'o viJib emoisture lake a mirror, for example, or any othercold surface, and breathe on it ; the vapour from ™urlungs at once shows itself in a film of m upon °he

fs ChiiTr"^
"^ "^ '" '^°"'='« -'h theclld'surflce

's cl illed and cannot hold so much vapour oart o^

a mi ror IT^T^ ''"""« "''"'" ^°" ^oX' n eda mirror to make the vapour of the breath visible for

i.t «::TZ\r ^' T" ^°"''^-" '"'^ ™P0»
or mist whirh """'N "^"' '°"'" ">= fi"e cloud

cxhaTe
•'P'"' "'"^ ^"^'^ '''^«h that you

76- As the air is cooled, its power of retainingvapour diminishes. When it becomes colder thaT hf

fai,^. 1 .

^''"°*^'
^ "e temperature at which thi«!.akes^place ^is the point of saturation, or ^t^,

so\',niv:;sa?; Z^nTts'Tnto 'th""
''^ ^^^^

and where it comes fLf "" atmosphere,

into a n|.,». 1

"^ '^"" P°"'' " ""'e water

wi 1 notf h I'h'
'" "/""" '" "'^ °P™ ^i^. youwill note. 111 the course of a day or two thaf th. .,,.

has sensibly diminished. The 4 hi-' ^«
"^

of it, and will drink "up the whok if
7/ "''/"''

allowed to stand long 'enoi^h""It^hlt t'trif
irom a small quantity of wa goes on from every



.^iiMi iTiMtw

30 SCIENCE PRIiMERS. [THE

surface of water on the face of the earth, from every
brook and river and lake, and from the great sea
itself. Water is constantly passing off into vapour
which is received and retained by the air. This pro-
cess is called Evaporation, and the water which
passes off into vapour is said to evaoorate.

78. Since warm air can hold more vapour than cold
air, evaporation must be more vigorous in sunshine
than at night, and during summer than during winter.
You have often noticed a great difference in the rate
at whieh wet roads will dry up. When the sun shines
warmly upon them, an hour or two may be enough to
drive off all the moisture from them, and make them
white and hard again. But if the weather is cold and
dull, they may remain wet and damp for days together.
In the one case the warm air greedily absorbs the
vapour of the water on the roads ; in the other, the
cold air takes up the vapour only in small quantities.

79. Again, on a dry bracing day evaporation goes
on rapidly, because the air has not nearly got all the
quantity of vapour it can hold in solution. On a
damp day, however, when the air contains about as
much vapour as it can hold at that particular tempera-
ture, evaporation is quite feeble, or ceases altogether.
This varying capacity of the air for vapour is the
reason why laundresses find so much difference be-
tween days, in the ease with which they can have
their clothes dried. On some days the air is busy
drinking up vapour everywhere, and then the clothes
dry ^-quickly. Such is especially the case when the
sky is clear and the wind blows, because every moment
a fresh quantity of air comes in contact with the
clothes, carries off some of the vapour, and passes on
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to make way for fresh supplies of thirsty air. Onother days, the air can hardly hold any more vanourand the clothes are found at the end'oTtlfeT tobe^ almost as wet as when they were hung out i^'th:

80. When water evaporates, the vapour carries awavsome of the heat of the water with it PutTd 00 ofwater on the back of your hand, and let it evaporateyou not.ce a sensation of cold, because in evIpSthe vapour has robbed your skin of some of fts heatTh,s abstracted heat is given out again into thell'when the vapour is condensed. '

8i. You see, then, that the air contains invisibleaqueous vapour, which though very small in quin itvwhen compared with the amount of nitrogen andoxygen IS yet enormous when the whole mass of theatmosphere is considered
; that this vapour rises fror^eve>y water-surface over the whole eanh by the Zcess of evaporation, and that it is brought back a«aT„mto the hqutd form by the process of conden^tio'n

V. Dew, Mist, Clouds.

f^,!^/'^'"
'""'"' ''''^" "'^ ^"^y i^ -^lear, you knowftat the grass gets wet with dew. In the morning youmay see m.sts hanging over woods, and streams In

d

m the sky. At all times of the year you may watchhow clouds form and dissolve, and form agafn ete

.n. a,r. Nu„ these are all examples of the conde^,sotion of vapour. Let us see how the X^T^
83. Condensation, as we have seen (Art, 76), results
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from a cooling of the air. When vapour is condensed,
it does not at once take the form of running water.

The cold glass brought into the warm room has first

a fine film of mist formed upon it, and then by
degrees the clear drops of water come. In reality

mist is made up of exceedingly minute particles of
water, and it is the running together of these which
makes the larger drops. So in nature on the great scale,

when condensation occurs the vapour first appears
as a fine mist. This is always the result of cooling

;

so that, whenever you see a mist or cloud forming,
you may conclude that the air in which it lies is being
cooled.

84. Dew.—This name is given to the wetness
which we notice appearing in the evening or at night
upon grass, leaves, or stones, or even sometimes on
our hair. In the m.orning you have, no doubt, often
watched the little dewdrops sparkling upon the foliage

and the delicate threads of gossamer. Now this wet-
ness does not come out of the leaves or stones, nor
out of your hair. It is all derived from the air by
condensation, exactly as we saw the film of mist form
upon the cold tumbler in the warm moist air of a
room. In fact, that film of mist was really dew, and
all dew is formed in the same way, and from the same
cause.

85. Ac night, when the sky is clear, the earth radi-

ates heat rapidly
; that is to say, it gives off into cold

space a great part of the heat which it has received
from the sun during the day (Art. 59). Its surface

consequently becomes cold, as you may have felt

when you put your hand upon leaves or stones after

nightfall. The layer of air next the cooled ground is
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chilled below its point of condensation ^nH ,u
of vapour is deposited as dew unnn H

'^^ ^^^^^^

stones, and other obj "tf H^ncV " fsTh Tt'temperature at whirh fh;. ,

'^ ^^^^ ^^e

S6. Mist and Foe — An.fj
^^^'

in the form of a misror c old"^
""'""' "''""^

put on his cap again
' ^^^ niountam

lJic."» ot tnis kind of conden.sat on. The arn„«^
either '=>\c\f^ t^f fu^ ground on

se,uen.
,3 ,,e a. above".^1^^;^;

wa^er dan,p a,V ,yi„g on aid ris.^ff o'J^rHvt'conde„,sa.,on ensues in the form of th^c Z or rive"'
D
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y\.' '

fog, which so commonly hangs at night and early
morning over streams.

88. Clouds—It is not on the ground, however,
but up m the air that the chief condensation of vapour
takes place. No feature of everyday occurrence is
more familiar to you than the clouds, which are the
result of this condensation. A cloud is merely a mist
formed by the cooling of warm moist air when it
loses Its heat from any cause, such as expansion during
ascent, or contact with currents of cooler air. If you
watch what goes on in the sky, you may often see
clouds m the act of forming. At first a little flake
of white appears. By degrees this grows larger, and
other cloudlets arise and flock together, until at last
the sky is quite overcast with heavy clouds, and rain
begins to fall. The vapour which is thus condensedm the air has all been obtained by the evaporation
of the water on the earth's surface. It rises with the
warm air, which losing its heat as it ascends, and
coming too in contact with colder layers of the
atmosphere, cannot hold all its vapour, and is obliged
to get rid of the excess, which then condenses into
cloud.

89. On a summer morning the sky is often free
from cloud. As the day advances, and the earth gets
warmed, more vapour is raised ; and as this vapour,
borne upward by the ascending air-currents, reaches
the higher and colder parts of the atmosphere, it is
chilled into the white fleecy clouds which you see
formmg about midday and in the afternoon. Towards
evening, when less evaporation takes place, the clouds
cease to grow, and gradually lessen in size until at
night the sky is quite clear. They ;:ave been dis-
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w'llrfl.
"^"'^ ^^. ^^^^^^^^i"g and^^ii^ingT7ontac~twith the warm air nearest to the earth Z .

have often noticed that cloudfmove across'^C

gZs\f''f"1- ^' ^^^^^^^^"^ ^^-- coX r^d

vapo'ur in th^e '.^ '^ "^ ^^^" ^^^ ^'^'^ -' thevapour ni the atmosphere continually changes Atone tn..e it is condensed into clouds, at^anotht

renTo^flfair'
^^^'^ ^^^^^^'^^^ ^

VI Where Rain and Snow come from.

sunC IZ "r "''"'^ "'^ ^"P""-- «liich the

oi tne earth and you have found it to be condensedagam mto v.s,ble form in the clouds. But the clou Isdo not remam always suspended in the sky Som«mes hey melt away again, and are dissolved imomv,s,ble vapour. Bt,t they often disappear in anoth r

tne earth, and thus give rise to rain and snow.
91- Ram.-You -- well aware that rain alwayscomes from clouds in the sky. When the sky is deaoverhead, no rain falls. Only when it gets overcasdoes the rain come. You c'n watch a daA ribcbud gather itself together a„<l discharge ah ayshower upon the earth. In the illustratton of thecold glass brought into the warm room (Art , )

glass was found by degrees to gather into drops
D 2 ^ *
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which trickled down the cold surface. Now the mist
on the glass and the cloud in the sky are both formed
of minute particles of water separated by air. It is
the running together of these particles which gives rise
to the drops. In the one case, the drops run down
the cold glass. In the other case, they fall as drops
of rain through the air. Rain therefore is thus a
further stage in the condensation of the aqueous
vapour of the atmosphere. The minute particles of
the cloud, as condensation proceeds, gather more
moisture round them, until at last they form drops of
water too heavy to hang any longer suspended in the
air. These then fall to the earth as rain-drops.

_
92. Snow.—But there is another important form

in which the moisture of the clouds may descend to
the surface of the earth. When the weather is cold
enough, there fall to the ground not drops of rain, but
flakes of snow.

93- If you bring snow indoors, it soon melts into
vyater. If you expose this water for a time it evaporates.
Snow,water, and aqueous vapour are thus only different
forms of the same substance. We say that water can
exist in three forms,—the gaseous, the liquid, and the
solid. Snow is an example of the solid condition.

94' On a frosty night pools of water are covered
with a hard transparent crust of what is called Ice.
You may break this crust into pieces, but if the cold
continues, a new crust will soon be formed with bits
of the old one firmly cemented in it. And the greater
the cold the thicker will the crust be, until perhaps
the whole of the water in the pools m.ay become solid.
If you take a piece of this solid substance, you find
it to be cold, brittle, and transparent. Brought into
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a warm room ic soon melts into xv,f^r i

^.ive off .he water a., befo tTo a Jir jf" "7general name gi.-en to water whenit." i„ mI''^ r"i'
state, such forms as snowanri hJi i ,

'^ ''°'"'

appearances which ice p ts on \vheT
°"'^ ""'--"

comes colder tiian a cer,n in ?
^"^ ™'^'' ^'=-

ice. or freezes and ,h
'""'P'^'''"'-^ " losses into

Art. 51).
"8 point (Physics Pnmer,

not melt, examine them out oft^rs""W^e^Xie

i''iG. 4.—Forms of Snowflakes,

together in a mass they have a pure opaque whitenes.

separate one or two of ^h^ fl.i
' ^^^^^^^^V

m falhng through the air thev are nnt f
,

'^^^^ ^^^^

by coming against each otht^Tm '^

/".."l^tSare shown in Fig. 4.
varieties

96. The upper layers of the atmosphere are much
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colder than the freezing-point of water. In the con
densation which takes place there, the clouds do not
resolve themselves into rain. 'Ihe vapour of the un
streaming currents of warm air from the earth's surface
IS condensed and frozen in these high regions, and
passes mto little crystals, which unite into flakes of
snow. Even in summer the fine white cloudlets which
you see floating at great heights are probably formed
of snow. But in those countries, such as ours, wherem winter the air even at the surface is sometimes very
cold, the snow falls to the ground, and lies there as a
white covering, until returning warmth melts it away

97. Besides rain and snow, the moisture of the air
takes sometuties the form of Hail, which consists of
httle lunips of ice like frozen rain ; and of Sleet, which
IS partially melted snow. But rain and snow ;re themost important and it is these two forms which wemust follow a little further.

98. Summary—Before doing so, let us gather to-gether the sum o: what has been said about the'aqueous
vapour of the air. We have learnt that, as every

V ihll
^'^"' '' '^^' '^'' ^"P°"^ '« condensed into^sible form, and appears as dew, mist, and cloud.We have learnt further, that the vapour of which

clouds are formed is resolved into rain and snow,and in one or other of these forms, descends to the
earth again. There is thus a circulation of water
between the solid earth beneath and the air above,
/his circulation is as essential to the earth in making
It a fit habitation for living things, as the circulation of
bloocj js in keeping our bodies alive. It mixes an4
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washes the air, clearing away impurities, sucWhosewhjch nse from the chn..neys of a town It mois ensand quickens the soil, which it renders capable oun
nvei. In short, it is the very mainspring of all thehe of the globe. So important a part of the^.achin ryof the world deserves our careful consideration I e^us next attend, therefore, to what becomes of he r.hand the snow after they have been discharge^
the air upon the surface of the earth.

THE CIRCULATION OP WATER ON THE
LAND.

I. What becomes of the Rain
99. Although air is continually evaporating waferfrom the surface of the earth, andLtinuallyrLorinl
again by condensation, yet, on the whole and inthe course of years, there seems to be no sensible

so that the two processes of evaporation and condensation balance each other.

c\l\xLl' 'I

''^'^''''' ^°^'^'^' *^^^ ^^^ "^o^'sture pre-cipitated at any moment from the air is not at onceevaporated again. When a shower of rain faL theroads are not dry the moment the shower iovtAnd when heavy rain continues for hours togetherthe whole country round may be flooded, and win'perhaps, remain so for days after the rain has ceal d!The disappearance of the water is due in part toevaporation l.nf -«i,. : „. . . "^ P^" to
only in part. A great deal of It goesout of sight in other ways

loi. The rain which falls upon the sea is the



^_ sciEJVCEj^j,,:
tc,acutAT.ON

largest part of the whole rainfall of the globe beJa^the surface of the sea is about three timl greater thanthat o the land. All ,his rain gracluall"S li^hhe salt water, and can then be no long'er rectgnir dI thus helps to make up for the loss which theMa isalways suffering by evaporation. For the sea TZ
great evaporating surface whence most of the vapourof the atmosphere is derived.

'

wh!.°hVM" ^^^°'^f!
'^'"^' "'«''««' ='">°"nt of rain

enormous. It has been estmiated, for example thatabout 68 cubic miles of water annually descend as aheven upon the surface of the British Isles, and he eare many much more rainy regions ,1,.„ ou^. If youmquire about th,s rain which falls upon the land youwill hnd that « does not at once disappear bu^begms another kind of circulation. Watch whahappens during a shower of rain. If the showlr isheavy, you will notice little runnel., of muddy wTtercour^ng down the streets or rn.ds, or flowing oTofthe ndges of the fields. Follow one of the runnelsIt leads mto some drain or brook, that into someiarger stream, the stream into a river and the riverTfyou fol ow It far enough, will bring you to the T;/Now think of all the brooks and rivers of thfworWwhere this kmd of transport of water is going on andyou wil at ouce see how vast must be the part of theram which flows off the land into the ocean
103 But does the whole of the rain flow off at onceinto the sea in this way? Assuredly not, as you canvery easily prove. Suppose that before the rain cam"

the ground had been very dry, and that after theshower you dig up a spadeful of earth. Do you find
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enough, or if you were o nnr \"" '""''' '''«
'"'""^P

workmen are makinr-, I ' ''''"' ''^"'^ °" "'^"'

Hnf „„ u ,

*"° '^''es must be drvins uncut no such chanees <!n fcr «= ^ u
"'Ji"g up.

it has don^fn
'"'' '°"' "' '""'""y ^'"d deeply as

and rive" re'r''"""!"'" ''''' '"'' ''^' '^^^^

the wound tt ^ f'^'
'"'" ^^'^^ disappears into

he Ld an th ' '"°" "^ ""''' '^"«'^^" '^e air,
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\\\ I

there m,y«'l
''"'"" ''"™" '° ™"'^'"'''-'' 'herefore, thattheit must be some means whereby the water L,Cground .brought back to the surface. TlL s .h nc"a youwlMearn in the ne.xt section, by Springs

comet'onhVp" 'TT'"" ""= 1""''°"' ^V'"""^-
cotnes of the Ram ? Most of it sinks into the earthand afterwards comes out again in springs par ofMS collected ,nto brooks and rivers' and .1,"
,J A cl

""' «™P0«ted, works its way over theland and falls at last into the sea

m nfall takes-one below ground, and one above. It

Sion ^T "'"™"''"' '° '°"°" '"^ underground

II. How Springs are formed.
io8. In thi? Lesson we are to follow the course ofthat part of the rain wiiich sinks below ground A

u flfT'^'"
'° '^'' '"^'^ "'^^ ^°^k^ ^^hich form the

arH.1%
''''^'^ '' ^"°"S^ ^° «^^o^^ ^^^at they differ

greatly from each other in hardness, and in texlure or

fouTh and"do:LI'eVThr' ^"""' ^^^^^^^
r^,,^u f""^, ^^°s^-g'^a"ied. rhey consequent y d ffermuch m the quantity of water they alow to pass

vious
,
that is, will let water sink through it freely

because the little grains of sand lie loosely together'
touching each other only nt some rointc; Jn- ^ ' '

pmt->fxr o^ 1
""-^ hoiuc points, so an iv leaveempty spaces between. The water readily finds itsway among these empty spaces. In fact, 'the 'and
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e may l^ecome a kind of sponge, quite saturated
Uh the water which has filtered down from the sur-

face. A bed of clay, on the other hand, is imper-
vious; u ,s made up of very small particles fitting
c osely to each other, and therefore offering resistant
o the passac. of water. Wherever such a bed occurs,
t hmders the free passage of the water, which, unable
to smk through ,t from above on the way down
or from below on the way up to the surface again!
IS kept m by the clay, and forced to find another line
of escape.

109. Sandy soils are dry because the rain at once
sinks through them

; clay soils are wet because they
retam the water, and prevent it from freely descending
mto the earth. ^

no. When water from rain or melted snow sinks
below the surface mto the soil, or into rock, it does
not remam at rest there, ff you were to dig a deep
hole in the ground, yr . would soon find that the water
which lies between the particles would begin to trickle
out of the sides of your excavation, and gather into
a pool in the bottom. If you baled the water out, itwou d still keep oozing from the sides, and the piol
would ere long be filled again. This would show you
that the underground water will readily flow into any
open channel which it can reach.

III. Now the rocks beneath" us, besides being inmany cases porous in their texture, such as sai dstone
are al more or less traversed with cracks-sometimes
mere lines, like those of a cracked window-pane but
sometimes wide and open clefts and tunnels. These
numerous channels serve as passages for the under-
ground water. Hence, although a rock may be sq
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hard and close-grained that water does not soak

through it at all, yet if that rock is plentifully supplied

with these cracks, it may allow a large quantity of

water to pass through. Limestone, for example, is a

very hard rock, through the grains of which water can

make but litde way; yet it is so full of cracks or

"joints," as they are called, and these joints are often

so wide, that they give passage to a great deal of

water.

112. In hilly districts, where the surface of the

ground has not been brought under the plough, you

will notice that many places are marshy and wet, even

when the \*eather has long been dry. The soil every-

where around has perhaps been baked quite hard by

the sun ; but these places remain still wet, in spite of

the heat. Whence do they get their water ? Plainly

not directly from the air; for in that case the rest

of the ground would also be damp. They get it

not from above, but from below. It is oozing out

of the ground ; and it is this constant outcome of

water from below which keeps the ground wet and

marshy. In other places you will observe that the

water does not merely soak through the ground,

but gives rise to a little runnel of clear water. If

you follow such a runnel up to its source, you

will see that it comes gushing out of the ground as

a Spring.

113. Springs are the natural outlets for the under-

ground water. But you ask, why should this water

have any outlets, and what makes it rise to the

surface ?

114. The following diagram (fig. 5) represents the

.way in which many rocks lie with regard to each other.
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and in which you would meet with them if vqu were to
cut a long deep trench or section beneath the surface
They are arranged, as you see, in flat layers or beds*
Let us suppose that « is a flat layer of some imper-
vious rock, like clay, and b another layer of a porous
material, like sand. The rain which falls on the sur-
face of the ground, and sinks through the upper bed
will be arrested by the lower one, and made either to
gather there, or find its escape along the surface of that

Fig. 5. -Origin of Surface Springs.

lower bed. If a hollow or valley should have its bottom
below the level of the line along which the water flows
springs will gush out along the sides of the vallev as
shown at .r s in the woodcut. The line of escape may
be either, as in this case, the junction between two
diff-erent kinds of rock, or some of the numerous
joints already referred to. Whatever it be, the water
cannot help flowing onward and downward, as long as
there is any passage by which it can find its way : and
the rocks underneath are so full of cracks, that it hasno difliculty m doing so.

115. But it must happen that a great deal of the
underground water descends far below the level of the
valleys, and even below the level of the sea And
y^i. though it should descend for several miles itcomes at last to the surface again. To realize clearlvhow this takes place, let us follow a particular drop of
^vater from the time when it sinks into the earth as
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rain, to the time when, after a long journeying up and
down in the bowels of the earth, it once more reaches
the surface. It soaks through the soil together with
other drops, and joins some feeble trickle, or some
more ample flow of water, which works its way
through crevices and tunnels of the rocks. It sinks in
this way to perhaps a depth of several thousand feet

^IG. 6.—Section of part of .1 district to show the origin of deep-seated
bprings. 1 he numerous joints in the rocks lead the water down into a main
channel, by which it re-ascends to the surface as a spring at s.

until it reaches some rock through which it cannot
readily make further way. All this while it has been fol-

lowed by other drops, coursing after it through its wind-
ing passage down to the same barrier at the bottom.
The union of all these drops forms an accumulation
of water, which is continually pressed by what is de-
scending from the surface. Unable to work its way
downward, the pent-up water must try to find escape
in some other direction. By the pressure from above
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it is driven through other cracks and passages, windingup and down until at last it comes to\he surface again!

Prim'er,'^^^^^
^^ ' ^"^^""^ ^^^^ <-^ ^^^^^-s

,

1x6. Thus each of the numerous springs which
issue out of the ground is a proof that there is a cir
culation of water underneath, as well as upon the
sur ace of the land. But besides these 'natural
outlets, other proofs are a.Torded by the artificial
openmgs made in the earth. Holes, called Wells
are actually dug to catch this water. Mines, pits'
quarries, and deep excavations of any kind, are
usually t^o. bled with it, and need to be kep dryby ha ^t pumped out.

^

III. The work of Water underground.
117. No form of water seems purer than the clear

crystal spring as it comes bubbling out of the earth.
Water perfectly pure in a chemical sense, should con-
sist only of the two elements Oxygen and Hydrogen.
But in the water of every spring, no matter how clearand sparkling it may be, there is something else. Ifyou take a quantity of perfectly pure water and boil itdown, you may drive the whole of it off in steam, and
not a vestige of anything is left behind. Rain takesup a little impurity from the air, yet may be regarded
as very nearly pure water. But if you boil down a
quantity of spring water, you find a residue of solid
matter Sparkling transparency is thus no guide to
the chemical purity of the water (see Chemistry
rrimer, Arts. 20, 21).

^

'^ If now rain is water nearly in a state of purity,
after journeying up and down underground it

and
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J

comes out again in springs, always more or less mingled
vvith other materials, it must get these materials from
th( rocks through which it travels. They are not
visible to the eye, for they are held in what is called
chemical solution (Chemistry Primer, Art. 23). When
you put a tew grains of salt or sugar upon a plate, and
pour water over them, they are dissolved in the water
and disappear. They enter into union with the water.
Vou cannot see them, but you can still recognize their
presence by the taste which they give to the water
which holds them in solution.

I 9- So water, sinking from the soil downwards, dis-
solves a litde of the substance of the subterranean
rocks, and carries this dissolved material up to the
surface of the ground. But you may say, salt and
sugar are easily acted on by water, hard rocks are
not; how IS it that the springs can get their solid im-
purities from rocks ?

120. You remember that one of the important ingre-
dients in the air is carbonic acid gas, and that this sub-
stance is both abstracted from and supplied to the air
by plants and animals (see Art. 44). In descending
through the atmosphere rain absorbs a little air. As
ingredients of the air, a little carbonic acid gas, particles
of dust and soot, noxious vapours, minute organisms,
and other substances floating in the air, are caught up
by the descending rain, which in this way, as it were,
washes the air, and tends to keep it much more whole-
some than it would otherwise be.

121. But rain not merely picks up impurities from
the air, it gets a large addition when it reaches the
soil. When you take up a little earth from a field
or a garden, you may notice tiny fibres and decaying
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roots in it. It contains always more nr i

'"•Armed with the carbonic acid which it ..,»

couM not do (see Chemist;' Pri,:™ S ti^^tTsr

ha def It°H-'"T'
"'='^' ^^^" °" -"- «f '1 e ve'ynardest. It dissolves more or le^Q ,,f ,u ,

-^

and removes it. When it fel.str i rn'Je'o'^chal'

a •i7thr":ci' f:i
-"-'.i^-oives ;„d"c::w

.he surface of the ground 1" Jrn'toToHows^'Tl'such d,stnc,s, too, the springs are always hard thaIS, they contam much mineral n.n^t/v • /
whereas rain-water and .".^TLS.. lU le""'

ror::rs"^.^r:rri:^"F"-"^-^
aiuc. i^ime lumishes material fr»r fi-.^ i

animals, and iron supplies he ro[n
"'' °'

their hlonrl w. .K.T ^'
,
^ colourmg matter of
ed, most of what we
• solid food

; yet spring-

H^

! L

need

E
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water, in so far as it contains them, is healthier fordrinking and cooking than rain-wat;r wouW be
125. As every si)ring throughout the world is busvbnnging up materials of some kind to the surface^

Fic. 7.-Subterra„ean Channel dissolved out of Li.estone-rock by Water.

It is plain that the nmnni-'- -.r 1 -• -

removed n,ust in tLTnd tet;°tear''Y:u
™'

now see how there should be'o^efctnn'e;" aS
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unnels for the water underground, for the water isalways eating away a little of the surface over which
t flows, thereby widening the cracks and crevicesand converting them by degrees into wider passagesIn this way large caverns many feet high and manv- es long have been formed u derneath the ufacem different parts of the world.

aJa^y.^"""*^^
"'"'^'^^ °^^^^ ^^^^^ crumbles

126 AVhen a stone building has stood for a fewhu dred years, the smoothly dressed face which itiwalls received from the mason is usually gone. The
stones are worn into holes and furrows, the carvings
over window and doorway are so wasted that perhapsyou cannot make out what they were meant to repre-

T^'v r ^'"^^-^^^^^^ character of old masonry is so
familiar that one always looks for it in an old buildin.^,and when it is absent he at once doubts whether tlS
building can really be old.

127. Again, in the burying-ground surrounding a
venerable church you see the tombstones more andmore mouldered the older they are. Sometimes
especially in towns, the inscriptions dating from morehan a few generations back are so greatly wasted
that you cannot now tell whose names and virtues
tliey were set up to commemorate.

128. This crumbling away of hard stone with the
apse of time is a common familiar fact to you Euthave you ever wondered why it should be so ? Whatmakes the stone decay, and what purpose is served by

the process ?
-^

129. In the case of buildings and other works of
E 2

I 1^1

( \.
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human construction the decay can be noted and
measured, for the stones, rough and worn as theymay be now, left the hands of the masons with

I^Tl t'T^ '"''"''' ^" 'he decay is n" tconfined to human erections. On the contrary igoes on over the whole face of the v.orld

fj^°' /' """^ T'" '° "™Se to you to be told that

houldt? " ''"'' '' •""""'""S away that youshould take every opportun-y of verifying the state-ment. Examine all the old buildings and pieces ofscupture within your reach. Look « tne clirand
ravines, the crags and watercourses, in your neigh-

hea^s „f ,

""
r""' ^"""^"^^ with blocks andheaps of lesser fragments which have fallen from

fven find .h r.""'^ ""f ' '""'y *i"'" y- "•-/even find the fresh scar whence a new mass has been
.
detached to add to the pile of ruins below.

I3'; After examming your own district in this wavyou w,ll, no doubt, find proofs that, in spite of thel^
apparent steadfastness, even the h;rdest stones are

Txpirto th"''°r- '" ^'>°"' ""— -'''^ -exposed to the air they are liable to decay. Now letus see how this change is brought about.

,rrinn' t °u^""' """' """" for a moment to theaction of carbonic acid, which has been already(Art ,23) described. You remember that rain-water
abstracts a ittle carbonic acid from the air, andThatwhen It sinks under the earth, it is enabled by means

henlath""! '" '™^ """' ^^"^ °f '^e rocksoeneath. The same action takes place with the rain

Tround" Th"''°"
" """^ "'" "'« -""-« "f 'heground. The rain-water dissolves out little by little
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such portions of the rocks as it can remove. In thecase of some rocks, such as limestone, the --hole oralmost the whole, of the substance of the -ock I

dissolved s the cementing material whereby the massof the rock was bound together; so that when T,taken away, the rock crumbles into mere earth osand, which IS readily washed away by the rainHence one of the causes of the mouldering of s one
IS the aeon of the carbonic acid taken up by rain

133- In the second place, the oxygen of the por-

t?m. ;. ,r ti""" "^ "°" ^^' ^'"' ''"PO^ed for a

Britain t rusts. You know how, in the course of years

cZ'tt'di^r' "7 '''"- '"""'«' ^'"'^ how yo'uTnscrape the dirty yellow crust or powder from the cor-roded surfaces. This rust is a compound sublnceormed by the union of oxygen with iron. It co„tinues to be formed as long as any of the unrustedron remains, since as each crust of rust is washed oft

oxygen What happens to an iron railing or a steelknife, happens also, though not so quickly nor so

ing oxygen A crust of corroded rock forms on theirur ace, and, when it is knocked off by the ra n a

a^iveX::.™^" " "-'-' '^ "-^ -'P--- -<

r,r\l*'
^",^''- ""''' P'^<=^' "'^ ^t"'f^« of many partsof lAe world IS made to crumble down by means of

thr.ff<. , r r"""^'
"° ''°"'"' ^'^If^in'ed with some ofthe effects of frost. You have, probably, noticed that
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sometimes during winter, when the cold gets verv
keen, pipes full of water burst, and jugs filled with
water are cracked from top to bottom. The reasonof this hes in the fact that water expands in freezing
Ice requires more space than the water would do if itremained fluid. When ice forms within a confined
space it exerts a great pressure on the sides of the
vessel, or cavity, which contains it. J f these sides areno strong enough to bear the strain to which they are
put, they must yield, and therefore they crack (see
Physics Primer, Art. 6i).

^

135- You have now learnt how easily rain finds itsway through soil. Even the hardest rocks are more or
less porous, and take in some water. Hence, whenwinter comes the ground is full of moisture; not inhe soil merely, but in the rocks. And so/as frost
sets in this pervading moisture freezes. Now pre-cisely the same kind of action takes place with' each
particle of water, as in the case of the burst water-
pipe or the cracked jar. It does not matter whetherthe water is collected into some hole or crevice

tL on m ''r" '^'.'^^""^^ ^f '^'^ '^^^' ^nd

t e. t ' .
"' ^'''^ '' '"P^"^^' ^-^d in so doing

confined^
^

' '^' ''^"' ^"^^'"'^ ^'^^^^^^ '^ ^^

Pffj.f ' ^/r""^
''"''' '^"'^ ^""°"^ ^nd interesting

effects of frost upon the ground. If you walk alonf

ave been partly pushed out of their beds, and that
t1 e surface of the road is now a layer of fine mudThe frost has separated the grains of sand and clayias If they had been pounded down in a mortarHence frost is of great service to the farmer in break

\yAc
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ing up the soil, and opening it out for the roots and
fibres of p ants. When a surface of rock has been
well soaked with rain, and is then exposed to frost
the grains of the rock undergo the same kind of pres-
sure from the freezing of the water in the pores
between them. They are not so loose and open, how-
ever, as those of the soil are, and they withstand the
action of the frost much better. Of course, the most
porous rocks, or those which hold most water are
most liable to the effects of this action. Porous
rocks, such as sandstone, p '^ often liable to rapid
decay from frost. The stone has crii.st after crust
peeled orf from it, or its grains are loosened from
each otner and washed away by rain.

137- Again, water freezes not only between the com-
ponent grains, but in the numerous crevices or joints
as they are called, by which rocks are traversed. VoJ
have, perhaps, noticed that on the flice of a cliff or in
a quarry, the rock is cut through by lines running
more or less m an upright direction, and that by
means of these lines the rock is split up by nature
and can be divided by the quarryman into large four-
sided blocks or pillars. These lines, or joints, have
been already (Art. m) referred to as passages for
water m descending from the surface. You can under-
stand that only a very little water may be admitted
at a time into a joint. But by degrees the joint widens
a little, and allows more water to ent .r. Every time
the water freezes it tries hard to push asunder the two
siGes of the joint. After many winters, it is at last
able to separate them a little ; then more water enters
and more force is exerted in freezing, until at last the
block of rock traversed by the joint is completely split
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up. When this takes place along the face of a cliff,

one of the loo-ened parts may fall off and actually roll
down to the bottom of the precipice.

138. This kind of wa.ste is represented in the ac-
companying woodcut (Fig. 8), which gives a section of

w"^ ' ./.•'

Fig. 8 —Waste of a Clift.

J. cliff wherein the rocks are traversed by perpendicular
joints. These have been widened along the front
until large blocks have been wedged off and have
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rallen to the ground. In countries exposed to severe
winters, the waste caused by frosts along hnes of steep
cliff is often e!.ormous.

139. In addition to carbonic acid, oxygen, and
frost, there are still other influences at work by which
the surface of the earth is made to crumble. For ex-
ample, when, during the .Ly, rocks are highly heated
by strong sunshine, anr' then d^iring nighi are rapidly
cooled by radiation, th3 a'terna - expansion and con-
traction caused by the ex'M-'nes of temperature loosen
the particles of the stone causing them to crumble
away, or even making successive crusts of the stone
fall off.

140. Again
; rocks which are at one time well

soaked with rain, and at another time are liable to be
dried by the sun's rays and by wind, are apt to
crumble away.

141. And thus you see that from a variety of causes
the solid rocks of the earth are liable to continual decay
and removal. The hardest stone, as well as the softest,
must yield in the end, and moulder down. They do
not all indeed decay at the same rate. If you look
more narrowly at the wall of an ancient building, you
will see almost every variety in the degree of decay.
Some of the stones are hardly worn at all, while others
are almost wholly gone. As this takes place in a build-
ing, you may be sure "t must take place also in nature,
and that cliffs or crags formed of one kind of stone
will crumble down faster than others, and will do so
in a different kind of way.

142. If then it be true, as it is, that a general
wasting of the surface of the land goes on, you may
naturally ask why this should be. The world seems
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SO fair and beautiful, that you cannot perhaps reahze
to yourselves that there should be so much decay on
Its surface. You may be even inclined at first to con-
sider the decay as a misfortune hardly to be explained.
But mstead of being a misfortune, the mouldering of
the surface is ir reality necessary to make the earth
ht to be the dwelling-place of plants and animals.
10 It we owe the scooping out of valleys, and ravines,
and the picturesque outlines of crags and hills. Out
of the crumbled stones all soil is made, and on the
formation and renewal of the soil we depend for our
daily food. How this is brought about will be toldm the next Lesson.

V. What becomes of the crumbled parts
of Rocks. How Soil is made.

143- Take up a handful of soil from any field or
garden and look at it attentively. What is it made
of? You see little pieces of crumbling stone, particles
of sand and clay, perhaps a it^ vegetable fibres :and the whole soil has a dark colour from the
decayed remains of plants and animals diffused
through It. Now let us in the present Lesson try to
learn how these different materials have been brought
together. °

144. VVe return aga'n to the general mouldering of
the surface of the land. The words " decay," " waste "

and others of similar meaning, are applied to this mo-
cess. But in reality, although the rocks may crumble
away, and thereby grow less in size year by year, there
IS no act al loss of material to the surface of the earth.The substance of the rock may decay, but it is not
destroyr I It only changes its condition and its form„
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What, then, becomes of all this material which is con-
tinually being worn from the rocks around us ?

145- Every drop of rain which falls upon the land
helps to alter the surface. You have followed the
chemical action of rain when it dissolves parts of
rocks. It is by the constant repetition of the process,
drop after drop, and shower after showei, for years
together, that the rocks become so wasted and worn.
But the rain has also a mechanical action.

146. Watch what happens when the first pattering
drops of a shower begin to fall upon a s 100th surface
of sand, such as that of a beach. Each drop makes
a little dint or impression. It thus forces aside the
grams of sand. On sloping ground, where the drops

Fig. 9.—Prints impressed on Clay or Sand by Drops of Rain.
I

can run together and flow downward, they are able
to push or carry the particles of sand or clay along.
This is called a mechanical action; while the actual
solution of the particles, as you would dissolve sugar
or salt, is a chemkal, action. Each drop of rain may
act in either or both of these ways.

147. Now you will readily see how it is that rain
docs so much in the destruction of rocks. It not only
dissolves out some parts of them, and leaves a crum-
bling crust on the surface, but it washes away this
crust, and thereby exposes a fresh surface to decay.
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Ihere is m this way a continual pushing along of
powdered stone over the earth's surface. Part of this
material accumulates in hollows, and on sloping or
level ground

;
part is swept into the rivers, and carriedaway into the sea.

148. It is this crumbled stone of which all our soils
are made, mmgled with the remains of plants and
animals. Soils differ, therefore, according to the kindof rock out of which they Have been formed. Sand-
stone for example, will give rise to a sandy soil

;

ieT"oil
' '

"" ''^''''°"' '"^^
'
^^^^-^°^^« '^ ^

149. But for this crumbling of the rocks into soil,^le land would not be covered with verdure as it is.
iJare sheets of undecaying stone would give no foot-

er!'' '^^
''""'' °^ ^^''^''' ^"^ ^y ^he decay of their

surface, they get covered with fertile soil, all over thevaUeys and plains
; and only where, as in steep banksand chffs, they rise too abruptly to let their crumbled

ISO. As the mouldering of the surface of the land isalways going on, there is a constant formation of soil.Indeed ,f this were not the case, if after a lave, of

Zl^hvr """r'""
'"<' ™^enewed, the plants

tTev c™^d '.''
,"''' °"' "'"'' "" "^^ ^='««y "-•erials

ate R ; ' 'T' " '" ^^^"'" <>• ^"hausted

by rain, fresh particles from mouldering rort. ,»

sub-soil underneath is all the while decaying into
soil. The loose stones, too, are continually crumbling
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down and making new earth. And thus, day by day,
the soil is slowly renewed.

151. Plants, also, help to form and renew the soil.

They send their roots among the grains and joints of
the stones, and loosen them. Their decaying fibres
supply most of the carbonic acid by which these stones
are attacked, and furnish also most of the organic
matter in the soil. Even the common worms, which
you see when you dig up a spadeful of earth, are of
great service in mixing the soil and bringing what lies

underneath up to the surface.

152. When we think about this decay and renewal
of soil, we see tlut in reality the whole surface of the
land may be looked upon as travelling downward or
seaward. The particles worn from the sides and
crests of the high mountains may take hundreds or
thousands of years on the journey ; they may lie for

a long time on the slopes ; they may then be swept
down and form part of the soil of the valleys ; thence
they may be in after years borne away and laid dowi
on the bed or bank of a river ; and thus, after many
halts by the way, they at last reach the sea.

153. In order to form some idea of the extent to
which the surface of the land is cleared of its loose
soil by rain, you should notice what takes place even
in this country after every series of heavy showers.
Each little runnel and brook becomes muddy and
discoloured from the quantity of soil, that is, decayed
rock, which is washed into it by tlje rain from the
neighbouring slopes. Ihe mud which darkens the
water is made of the finer particles of the decomposed
rocks

; the coarser parts are moving along at the bottom
of the water. When you watch these streamlets at
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will understand hmv greatlv th. . / ^^f''""'
^°"

may come .o be cLfgedV hrt;;^ of' 'r""^^first seems so insignificam afhing as RaTn
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VI. Brooks and Rivers. Their Origin
154- We must now so hart f^^ „ ,. ° *

(Art. 107) wherP -^1.:
^

/.'' ^" ^''^^^^^^ Lesson

of was referred to vZ"' " "'/'^ ^^^" ^^^ ^^'^P^^^^

portion of the rainVr^ , «
"""'" """y' *^ <"!'"

brooks and rivers
'
^°''" "'""^ "'^ ^"f^^^ i"

at some part where thp r^^H^i
^ ^ "P ^'^"' ^^^t^O"

a long rut, a anihl !
^'^'"'''"'-='' °"^ l^-'^e

more ineonitt wi l'"'°^''""«
''°"''' ""'' "-y

detect when « "road:t Z'uT rt\ "' ^^ ">'

once discloses. Everv Ut,i/'J^
,""'' ,"'" ~'''- -^' ="

fivery imle dimple and projection
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affects the flow of the water. You see how the

raindrops gather together into slender streamlets of
running water which course along the hollows, and
how the jutting stones and pieces of earth seern to

turn these streamlets now to one side and now to

another.

157. Towards the top of the slope only feeble

runnels of water are to be seen. But further down
they become fewer in number, and at the same time
larger in size. They unite as they descend ; and the

larger and swifter streamlets at the foot of the descent
are thus made r^^ of a great many ,,mailer ones from
the higher parts of the slope.

158. Now this sloping roadway, with its branching
rills of rain, coursing down the slope, and uniting into

larger streams as they advance, shows very well the

way in which the rain runs off the sloping surface of a
country or a continent, and we shall return to the

illustration again.

1 5 9. Why does the water run down the sloping road ?

why do rivers flow ? an . why should they always move
constantly in the same direction ? They do so for the
same reason that a stone falls to the ground when it

drops out of your hand
\ J)ecause they are under the

sway of that attraction towards the centre of the earth,

to Avhich, as you know, the name of Gravity (Physics
Primer, Art. 4) is given. Every drop of '•ain falls to

the earth because it is drawn downwards by the force

of this attraction. When it reaches the ground it is

still, as much as ever, under the same influence ; and it

flows downwards in the readiest channel it can find.

Its fall from the clouds to the earth is direct and
rapid ; its descent from the mountains to the sea. as
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m

part o. a stream, ,s often long and slow ; but ^i^ cause
ot the movement is the same in either ca-^ Th-wmdmg to and fu of streams, the rush of r£,pids th-
roar of cataracts, the noiseless flow of the deep sullen
currents, are all proofs how paramount is the sway of
the law of gravity over the wat.-rs of the globe.

160. Drawn down in this way by the action of
gravity, all that portion of the raiii which does not
sink into the earth must at once begin to move do-vn-
wards rdong the nearest slopes, and conriniie Howing
unu it Gir. get no further. On the surface of the land
there are n.>llows called Lakes, which arrest part of
the flo^vi/:. water, just as there are hollows on the
road wh.ch serve to collect some of the rain. But in
most cases they let the water run out at the lower end
as fast as it runs in at the upper, and thei< fore do not
serve as permanent resting places for the water The
streams which escape from lakee go on as before, work-
ing their way to the sea-shore. So that the course of
all streams is a downward one ; and the sea is the
great reservoir into which the water of the land is
continually pouring.

161 If the surface of a country were a mere long
smooth ridge, like the roof of a house, the rain would
quickly flow down on either side into the sea. But this
IS by no means the general character of the surface of
the land. Mountains, hills, valleys, gorges, and lakes
give a most uneven and varied outline. But besides
these greater inequalities which strike the eye at once
even places, which seem at first quite level have usually
some slope or some slight unevennesses

;
ji >f as on the

road you found that there may be many . . irregu-
larities of si-rf-ce, which you would ^o^ atice until
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the rain found them out. Water is thus a most accu-
rate measurer of the levels of a country. Jt will not
flow up a slope, but always seeks the lowest level it

can find.

162. You can see, then, that though the rain should
fall equally over the whole surface of a country, it can-
not flow equally over that surface, because the ground
is uneven, and the rain runs off into the hollows. It

is this unevenness which makes the rain collect into
brooks, and these into rivers.

163. The brooks and rivers of a country are thus the
natural drains, by which the surplus rainfall, not re-

quired by the soil or by springs, is led back again into
the sea. When we consider the great amount of rain,

and the enormous number of brooks in the higher
parts of the country, it seems, at first, hardly possible
for all these streams to reach the sea without over-
flowing the lower grounds. But this does not take
place ; for when two streams unite into one, they do
not require a channel twice as broad as either of their

single water-courses. On the contrary, such an union
often gives rise to a stream which is not so broad as
either of the two from which it flows. But it becomes
swifter and deeper. In this way thousands of stream-
lets, as they come together in their descent, are made
to take up less and less room, until the surplus waters
of a whole vast region are borne into the sea by one
single river-channel.

164. Let us return to the illustration of the roadway
in rain. .Starting from the foot of the slope, you found
the streamlets of rain getting smaller and smaller, and
when ycu came to the top there were none at all. If,

however, you were to descend the road on the other
IV. F
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i"t

side of the ridge, you would probably meet with other

streamlets coursing down-hill in the opposite direction.

At the summit the rain seems to divide, part flowing

off to one side, and part to the oiher.

165. In the same way, were you to ascend some

river from the sea, you would watch it becoming

narrower as you' traced it inland, and branching more

and more into tributary streams, and these again

subdividing into almost endless little brooks. But take

any of the branches which unite to form the main

stream, and trace it upward. You come, in the end,

to the first beginnings of a little brook, and going a

little further you reach the summit, down the other

side of which all the streams are flowing to the oppo-

site quarter. The line which separates two sets of

streams in this way is called the Water- shed. In

England, for example, one series of rivers flows into

the Adantic, another into the North Sea. If you trace

upon a map a line separating all the upper streams of

the one side from those of the other, that line will

mark the water-shed of the country.

166. But there is one important point where the

illustration of the road in rain quite fails. It is only

when rain is falling, or immediately after a heavy

shower, that the rills are seen upon the road. When
the rain ceases the water begins to dry up, till in

a short time the road becomes once more firm and

dusty. But the brooks and rivers do not cease to flow

when the rain ceases to fall. In the heat of summer,

when perhaps there has been no rain for many days

together, the rivers still roll on, smaller usually than

they were in winter, but still with ample flow. What
keeps them full? If you remember what you have
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already been told about underground-water, you will
answer that rivers are fed by springs as well
as by rain.

167. Though the weather may be rainless, the springs
continue to give out their supplies of water, and these
keep the rivers going. But if great drought comes,
many of the springs, particularly the shallow ones,
cease to flow, and the rivers fed by them shrink up or
get dry altogether. This is the case with the rivers of
this country, which are all, comparativelv speaking,
very small. The great rivers of the globe, such as the
Mississippi, drain such vast territories, that any mere
local rain or drought makes no sensible difference in
their mass of water.

168. In some parts of the world, however, the rivers

are larger in summer and autumn than they are in
winter and spring. The Rhine, for instance, begins
to rise as the heat of summer increases, and to fall as
the cold of winter comes on. This happens because
the river has its source among snowy mountains.
Snow melts rapidly in summer, and the water which
streams from it finds its way into the brooks and rivers,

which are thereby greatly swollen. In winter, on the
other hand, the snow remains unmelted ; the moisture
which falls from the air upon the mountains is chiefly

snow; and the cold is such as to freeze the brooks.
Hence the supplies of water at the sources of these
rivers are, in winter, greatly diminished, and the rivers

themselves become proportionately smaller.
t

169. Summary.—To sum up what has been stated
in this and fbe preceding Lessons regarding the circu-

lation of water :—From the highest parts of the land
F 2
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down to ^be sea, hi .er is continually travelling down-
ward. It does not pour over the whole surfcice, but
gathers luto the hollows, where it forms streams which
wind to and fro, always seeking a lower level, till at
last they lose themselves in th^ sea. From the sea
vapour is constantly risi i^ into the aii, whence it is

brought back and condensed upon the land as rain
or snow, which feeds the streams that flow downward
into the sea. This circulation of water goes on with-
out ceasing.

VII. Brooks and Rivers. Their work.
170. In the first lesson of this little book you were

asked to watch the doings of a river. Let us now
again return to the same j- :ene, but before the storm
which was then described. The river is not yet s vv ollen
with the sudden and heavy rain. It flows gently over
its pebbly channel, not covering the whole of it, per-
haps, but leaving banks of gravel and pools of water
between which the clear current, much diminished by
drought, winds its wiy. The river seems to !)e doing
nothing else than lazily ca rying the surplus water of
the land tov ;tds ^'-j sea. You mi[?ht be surprised to
be told that it has any work to do, and even now is

doing it.

171. But consider when.,:^ the water of the river

comes. We have found that it is largely dc.iv^ed from
springs, and that all spring-wv.ter contains more or less

mineral materials dissr d r t of the brooks. Every
river, therefore, is carr .z merel) wat^ r, but large

quantities of mineral ni-tter ii to the sea. Jt has been
calculated, for instance, that the Rhine in one year
carries into the North Sea lime enough to make three

-«s^ «
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hundred and thirty-two thousand millions of oyster
shells. This chemically-dissolved material is not
visible to the eye, and in no way aftects the colour of
the water. At all times of the year, as long as the
water flows, this invisible transport of some of the
materials of rocks must be going on.

172. But let us now again watch the same river in

flood. The water is no longer clear, but dull and dirty.

You ascertained that this discoloration arises from
mud and sand suspended in ^he water. You may stand
for hours and watch the swollen, turbid torrent rolling

down its channel. During that time many tons of
gravel, sand, and mud must be swept past you.
You see that over and above the mineral matter in

chemical solution, the river is hurrying seaward with
vast quantities of other and visible materials. And
thus it is clear that at least one great part of the work
of rivers must be to transport the mouldered parts of
tl; land which are carried into them by springs or
by rain

173 'It the rivers, too, help in the general destruc-

tion of the su rface of the land. Of this you may readily

be assured, by looking at the sides or bed of a stream
when the water is low. Where the stream flows over
hard rock, you find the rock all smoothed and prrcrmd

away; and the stones lying in the water-course are

all more or less rounded and smoothed. When these
stones were originally broken by frosts or otherwise,

from crags and cliffs, they were sharp-edged, as you
can prove by looking at the heaps of blocks lying at

the foot of any precipice, or sttep bank of rock. But
when they fell, or were washed int> the river, they
began to get rolled and rubbed, until their sharp edges
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were ground away, and they came to wear the smooth
rounded forms which we see in the ordinary gravel.

174. While *-ie stones are ground down, they, at

the same time, grind down the rocks whicl\ form the

Fig. 10.—Potljoles excavated by a Stream in the Rocks of its Bed.

sides and bottom of the river-channel over which they
are driven. You can even see in some of the eddies
of the stream how the stones are kept moving round
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until they actually excavate deep round cavities, called

pot-holes, in the solid rock. When the water is low,

as during the droughts of summer, some of these cavi-

ties are laid bare, and you may then observe how well

,
j

they have been polished. Their general appearance

I

is shown in Fig. lo.

175. Now, it is clear that two results must follow

from this ceaseless wear and tear of rocks and stones

in the channel of a stream. In the first place, a great

deal of mud and sand must be ])roduced ; and, in the

second i)larc, the bed of the river must be ground
down so as to become deeper and wider. The sand
and mud are added to the other similar materials

washed into the streams by rain from the mouldering
surface of the land. By the deepening and widening

of the water-courses, such picturesque features as

gorges and ravines are excavated out of the solid

rock.

176. You have now seen why the rivers are muddy.
Let us inquire what becomes of all the mud, sand,

gravel, and blocks of stone which they are continually

transporting.

177. Look, again, at the channel of a river in sum-
mer. You see it covered with sheets of gravel in one
place, beds of sand in another, while here and there

a piece of hard rock sticks up through these different

kinds of river-stuff. Note some portion of the loose

materials, and you find it to be continually shifting. A
patch of gravel or sand may remain for a time, but
the little stones and j^^ains of which it is made up ^^
are always changing as the water covers and moves
them. In fact, the loose materials over which the river

flows are somewhat like the river itself. You come
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back to its banks after many years, and you find the
nver there still, with the same ripples, and eddies, and
gentle murmuring sound. But though the river has
been there constantly all the time, its water has been
changing every miqute, as you can watch it changing
still. So, altiiough the channel is always more or less
covered with loose materials, these are not always the
same. They are perpetually being pushed onward,
and others, from higher up the stream, come behind
to take their place.

178. It is not in the bottoms of the rivers, then, that
the material worn away from the surface of the land can
find any lasting rest. And yet the rivers do get rid of
a good deal of this material as they roll along. You
have, perhaps, noticed that a river is often bordered
with a strip of flat plain, the surface of which is only
a few feet above the level of the water. Most of our
rivers have such margins, and, indeed, seem each to
wind to and fro through a long, level, meadow- like
plain. Now this plain is really made up from the finer
particles of the decomposed rocks which the river has
carried along. During floods, the river, swollen and
muddy, rises above its banks, and spreads over the low
ground on either side. Whenever this takes place, the
overflowing water moves more slowly over the flats •

and, as its current is thus checked, it cannot hold so'
much mud and sand, but allows some of these materials
to settle down to the bottom. In this way the over-
flowed tracts get a coating of soil laid over them
by the river, and when the waters retire this coatin?
adds a little to the height of the plain. The same
thing takes place year after year, until by degrees the
plain gets so far raised that the river, which all this
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while is also busy deepening its channel, cannot over-
flow it even at the liighest floods. In course of time
the river, as it winds from side to side, cuts away
slices of the plain and forms a newer one at a lower
level. And thus a series of terraces is gradually made,
rising step by step above the river.

RIVER

Fig. II. -Section of the successive terraces (i, 2, 3) of sand, eanh, and
gravel formed by a Rwer along a valley (s-s).

179. Still the laying down of its sand and mud by
a river to form one or more such river-terraces is,

after all, only a temporary disposal of these materials!
They are still liable to be carried away, and in truth
they are carried off continually as the river eats away
its banks.

180. When the current of a river is checked as it

enters the sea or a lake, the feebler flow of the water
allows the sand and mud to sink to the bottom. By
degrees some portions of the bottom come in this
way to be filled up to the surface of the river, and
wide flat marshy spaces are formed on either side of
the main stream. During floods these spaces are
overflowed with muddy water, in the same way as in
the case of the valley plains just described, and a
coating of mud or sand is laid down on them until
they slowly rise above the ordinary level of tlie river,

which winds about among them in endless branching
streams. Vegetation springs up on these flat swampy
lands ; animals, too, find food and shelter there ; and
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thus a new territory is made by the work of the

river.

1 8 1. These flat river-formed tracts are called Deltas,

because the one which was best known to the ancients,

that of the Nile, had the shape of the Greek letter

A {delta). This is the general form which is taken

rN EWJl^O R L E aNS

Fig. 12.—Delta of the Mib.sissippi.

by accumulations at the mouths of rivers ; the flat

delta gets narrow towards tlie inland, and broader

towards the sea. Some of them are of enormous
size ; the delta of the Mississippi, for example.

182. Each delta, then, is made of materials worn
from the surface of the land, and brought down by the

1
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river. And yet vast tliougli some of these deltas are,
they do not show all the materials which have been
so worn away. A great deal is carried far out and
deposited on the sea-bottom ; for the sea is the great
basin into which the spoils of the land are continually
borne.

1

VIII. Snow-fields and Glaciers.
183. Having now followed the course taken by the

water which falls on the land as rain, we ^ome to that
taken by snow (Art. 92).

184. On the tops of some of the highest mountains
in Britain snow lies for great part of the year. On
some of them, indeed, there are shady clefts wherein
you may meet with deep snow-wreaths even in the
heat of summer. It is only in such cool and sheltered
spots, however, that the snow remains unmelted.

185. But in other parts of Europe, where the moun-
tains are more lofty, the peaks and higher shoulders of
the hills gleam white all the year with unmelted snow.
Hardly anything in the world will impress you so
much as the silence and grandeur of these high snowy
regions. Seen from the valleys, the mountains look so
vast and distant, so white and pure, >ct catching up
so wonderfully all the colours which glow in the sky
at morn or even, that they seem to you at first rather
parts of the heaven above than of the solid earth on
which we live. But it is when you climb up fairly

into theii midst that their wonderful stateliness comes
full before you. Peaks and pinnacles of the most
dazzling whiteness glisten against the dark blue of the
sky, streaked here and there with lines of purple
shadow, or with knobs of the dark rock projecting



l! .i

I'll I

76 SCIENCE IRIMERS. [circulation

through the white mantle which throws far and wide

Its heavy folds over ridge and slope, and sends long

tongues of blue ice down to the meadows and vine-

yards of the valleys. There is a deep silence over

this high frozen country. Now and then a gust of

wind brings up from the far distance the sound of

some remote waterfall or the dash of a mountain
torrent. At times, too, there comes a harsh roar as

of thunder, when some mass of ice or snow, loosened

from the rest, shoots down the precipices. But these

noises only make the silence the deeper when they

have passed away.

186. Let us see why it is that perpetual snow should

occur in such regions, and what part this snow plays

in the general machinery of the world.

187. You have learnt (Art. 96) that the higher parts

of the atmosphere are extremely cold. You know also

that in the far north and the far south, around those

two opposite parts of the earth's surface called the

Poles, the climate is extremely cold— so cold as to give

rise to dreary expanses of ice and snow, where sea and
land are frozen, and where the heat of summer is not

enough to thaw all the ice and drive away all the

snow. Between these two polar tracts of cold, wher-

ever mountains are lofty enough to get into the high

parts of the atmosphere where the temperature is

usually below the freezing-point, the vapour condensed
from the air falls upon them, not as rain, but as snow.

Their heads and upper heights are thus covered with

perpetual snow. In such high mountainous regions

the heat of the summer always melts the snow from

the lower hills, though it leaves the higher parts still

covered. From year to year it is noticed that there is
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a line or limit below which the ground gets freed of
Its snow, and above which the snow remains. This
limit is called the snow -line, or the limit of
perpetual snow. Its height varies in different
parts of the world. It is highest in the warmer
regions on either side of the equator, where it reaches
to 15,000 feet above the sea. In the cold polar
tracts, on the other hand, it approaches the sea-level.
In other words, while in the polar tracts the climate
is so cold that perpetual snow is found even close
to the sea-level, the equatorial regions are so warm
that you must climb many thousand feet before you
can reach the cold layers of the air where snow can
remain all the year.

188. You have no doubt watched a snow-storm.
You have seen how at first a few flakes begin to show
themselves drifting through the air; how they get
more in number and larger in size, until the ground
begins to grow white ; and how, as hours go on, the
whole country becomes buried under a white pall,

perhaps six inches or more in thickness. You see
one striking difference between rain and snow. If
rain had been falling for the same length of time,
the roads and fields would still have been visible, for
each drop of rain, instead of remaining where it fell,

would either have sunk into the soil, or have flowed
off into the nearest brook. But each snowflake, on
the contrary, lies where it falls, unless it happens to
be caught up mo .i^iven on by the wind to some
other spot v/hc" .-; ii can finally rest. Rain disappears
from the grouu I a? soon as it can ; snow stays still

as long as it can.

189. You will see at once that this marked differ-
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ence of beliaviour must give rise to some equally-

strong differences in the further procedure of these

two kinds of moisture. You have followed the pro-

gress of the rain; now let us try to find out what
becomes of the snow.

190. In such a country as ours, where there is

no perpetual snow, you can without much difficulty-

answer this question. Each fall of snow in winter-time

remains on the ground as long as the air is not warm
enough to melt it. Evaporation, indeed, goes on from
the surface of snow and ice, as well as from water ; so

that a layer of snow would in the end disappear, by-

being absorbed into the air as vapour, even though none
of it had previously been melted into running water.

But it is by what we call a thaw that our snow is

chiefly dissipated ; that is, a rise in the temperature,
^

and a consequent melting of the snow. When the

snow melts, it sinks into the soil and flows off into

brooks in the same way as rain. Its after course

needs not to be followed, for it is the sane as that

of rain. You will only bear in mind that if a

heavy fell of snow should be quickly thawed, then

a large quantity of water will be let loose over the

country, and the brooks and rivers will rise rapidly

in flood. Great destruction may thus be caused by
the sudden rise of rivers and the overflowing of their

banks.

191. In the regions of perpetual snow the heat of

summer cannot melt all the snow which falls there in

the year. What other way of escape, then, can the

frozen moisture find ? That it must have some means
of taking itself off the mountains is clear enough ; for

if it 1 ad not, and if it were to accumulate there from
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year to year and from century to century, then the

mountains would grow into vast masses of snow, reach-
ing far into the sky, and spreading out on all sides,

so as to bury by degrees the low lands around. But
nothing of this kind takes place. These solemn
snowy heights wear the same unchanged look from
generation to generation. There is no burying of
their-well-known features under a constantly increas-

ing depth of snow.

192. You will remember that the surplus rainfall

flows off by means of rivers. Now the surplus
snow-fall above the snow-line has a similar kind of
drainage. It flows off by means of what are called
Glaciers.

193. When a considerable depth of snow has accu-
mulated, the pressure upon the lower layers from
what lies above them squeezes them into a firm
mass. The surface of the ground is usually sloped
in some direction, seldom quite flat. And among
the high mountains the slopes are often, as you
know, very steep. When snow gathers deeply on
sloping ground, there comes a time when the force
of gravity overcomes the tendency of the pressed
snow to remain where it is, and then the snow
begins to slide slowly down the slope. From one
slope it passes on downwards to the next, joined
continually by other sliding masses from neighbour-
ing slopes until they all unite into one long tongue
which creeps slowly down some valley to a point
where it melts. This tongue from the snow-fields is

the glacier. It really drains these snow-fields of their

excess of snow as mucn as a river drains a district of
its excess of water.
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194, But the glacier which comes out of the snow-
fields is itself made not of snow, but of ice. The
snow, as it slides downward, is pressed together into

ice. You have learned that each snowf.ake is made
of litde crystals of ice. A mass of snow is thus only

a mass of minute crystals of ice with air between.

Hence when the snow gets pressed together, the air

is squeezed out, and the separated crystals of ice

freeze together into a solid mass. You know that

you can make a snowball very hard by squeezing it

firmly between the hands. The more tightly you
press it the harder it gets. You are doing to it just

what happens when a glacier is formed out of the

eternal snows. You are pressing out the air, and
allowing the little particles of ice to freeze to each
other and form a compact piece of ice. But you
cannot squeeze nearly all the air out, consequently

the ball, even after all your efforts, is still white from
the imprisoned air. Among the snowfields, however,
the pressure is immensely greater than yours ; the air

is more and more pressed out, and at last the snow
becomes clear transparent ice.

195. A glacier, then, is a river, not of water, but of

ice, coming down from the snow-fields. It descends
sometimes a long way below the snow-line, creeping

down very slowly along the valley which it covers

from side to side. Its surface all the time is melting

during the day in summer, and streams of clear

water are gushing along the ice, though, when night

comes, these streams freeze. At last it reaches som.e

point in the valley beyond which it cannot go, for

the warmth of the air there is melting the ice as fast

as it advances. So the glacier ends, and from its
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melting extremity streams of muddy water unite into
a foaming river, which bears down the drainage of
the snow-fields above.

196. In the accompanying woodcut (fig. 13) some of
the chief characters of a glacier are shown. In the dis-
tance rise the snowy heights, among which the snow-

FiG. I3.-View of a (Jlnder, with its Moraines, Perched Blorl^s of m i.
•

worn Bosses of rock and escaping R.ver
'°'''' ''*^"

fnt^!
J'^' •^"''''"' ^^'^'^ "^'^^ t^^ ^"°^ is ^^i-^ined off

winds with all the windings of the valley till it end^
aDruptlv. as vQii «^f> onH - r-'-s- -.». ' -

»v,^u- '
'

",
':;"""' ^ * ^'^'^^ rusnes out irom the

melting end of the ice.

197. A river wears down the sides and bottom of
Its Hiannel, and thus digs out a bed for itself in even
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the hardest rock, as well as in the softest soil

(Art. 173). It sweeps down, too, a vast quantity of

mud, sand, and stones from the land to the sea

(Art. 172). A glacier performs the same kind of

work, but in a very different way.

198. When stones fall into a river they sink to the

bottom, and are pushed along there by the current.

When mud enters a river it remains suspended in the

water, and is thus carried along. But the ice of a
glacier is a solid substance. Stones and mud which
fall upon its surface remain there, and are borne
onward with the whole mass of the moving glacier.

They form long lines of rubbish upon the glaciei as

shown in fig. 13, and are called moraines. Sull

the ice often gets broken up into deep cracks, opening

into ya , I'ng clefts or crevasses, which sometimes

receiv*. .5. .ty>od deal of the earth and stones let loose

by ho.^ 01 otherwise from the sides of the valley. In

this way loose materials fall to the bottom of the ice,

and reach the solid floor of the valley down which the

ice is moving ; while at the same time similar rubbish

tumbles between the edge of the glacier and the side

of the valley.

199. The stones and grains ofsand which get jammed
between the ice and the rock over which it is moving
are made to score and scratch this rock. They form

a kind of rough polishing powder, whereby the glacier

is continually grinding down the bottom and sides of

its channel. If you creep in below the ice, or catch a

sight of some part of the side from which the ice has

retired a little, you will find the surface of the rock all

rubbed away and covered with long scratches made
by the sharp points of the stones and sand. Some of
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the rounded ice-worn bosses of rock are shown in the
fore-giuiind of the diagram (fig. 13).

200. You will now see the reason why the river,

which escapes from the end of a glacier, is always
muddy. The bottom of the glacier is stuck all over
with stones, which are scraping and Avcaring down the
rock underneath. A great deal of fin^ ud is thus
produced, which, carried along by strc. ais of water
flowing in channels under the glacier, emerges at the
far end in the discoloured torrents which there sweep
from under the ice.

Fig. 14.—Loose stone polished and scratched under glacier-ic(?.

201. A glacier is not only busy grinding out a bed
for itself through the mountains ; it bears on its back
down the vall( enormous quantities of fallen rock,
earth, and stones, which have tumbled from the cliffs

on either side. In this way blocks of rock as big as
a house may be carried for many miles, and dropped
where the ice melts. In the fnllowino- firrnre /fin- t ,-\ ^^t
have a drawmg of one of these huge masses of stone.
Thousands of tons of loose stones and mud are every
year moved on the ice fro; the far snowy moun-

G 2
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tains away down into the valleys to which the glaciers

reach.

202. The largest glaciers in the world are those of the

polar regions. North Greenland, in truth, lies buried

under one great glacier, which pushes long tongues of

ice down the valleys and away ont to sea. When a
glacier advances into the sea, portions of it break off

and float away as icebergs (fig. i6). So enormous are

Fig. 15.—Erratic block, brought from the Alps by an ancient Glacier, and

dropped upon the Jura Mountains.

the glaciers in these cold tracts that the icebergs de-

rived from them often rise several hundred feet above

the waves which beat against their sides. And yet, in

all such cases, about seven times more of the ice is

immersed under water than the portion, large as it is,

which appears above. You can realize how this happens

if you take a piece of ice, put it in a tumbler of water,

and watch how much of it rises out of the water.



CULATIOW

i glaciers

)seof the

;s buried

ngues of

When a

break off

nous are

jlacier, and

bergs de-

et above

id yet, in

lie ice is

2 as it is,

liappens

of water,

e water.

OF WATER.] PHYSICAL GEOGRAPHY. 85

Sunk deep in the sea, therefore, the icebergs float

to and fro until they melt, sometimes many hundreds
of miles away from the glaciers which supplied them.

203. You will come to learn afterwards that, once
upon a time, there were glaciers in Britain. You will

be able with your own eyes to see rocks which have
been ground down and scratched by the ice, and big

blocks of rock and pile^ of loose stones which the ice

Fig. 16.— Iceberg at Fea.

carried upon its surface. In Wales, and Cumberland,
in many parts of Scodand, and also in Ireland, these

and many other traces of the ice are to be found. So
that, in learning about glaciers, you are not merely
learning what takes plare in other and distant lands,

you are gaining knowledge which you will be able

by and by to make good use of, even in your own
country.
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THE SEA.

I. Grouping of Sea and Land.
204. Since we live on land, and are familiar with

the various shapes which the surface r>f the land
assumes,—plains, valleys, hiUs, mountains, and so on,
—we are apt to think that the land is the main part
of the globe. Many of us who live in the inland
parts of the country have never been off the land, nor
seen any larger sheet of water than a river or a lake,
or perhaps a large reservoir. And yet, if you were to
travel onward in any direction in Great Britain, you
would at last come to the edge of the land, and find a
vast expanse of water before you. If you took your
place in a ship, you could sail on that water com-
pletely round this country, and you would prove in
so doing that Britain is an island.

205. Suppose that instead of sailing round Britain,
which you could easily do in a few weeks, you were
to steer straight westward. You would have to ti

over the water for more than two thousand mu..^,
before you reached any land again. Or, if you di-
rected your ship in a more southerly course, you might
sail on without seeing any land for months together,
until you came in sight of the ice-cliffs that border
the land round the South Pole. You would learn in
this way what an enormous extent of the surface of
the earth is occupied by water.

206. It has been ascertained that in reality the
water covers about three times more of the earth's
surface than the land does. We could not tell that
merely by what we can see from any part of this
country, or indeed of any country, u is because
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207. Take a school-globe, and turn it slowly round
on Its axis. You see at a glance how much larger the
surface of water is than the surface of land. But you
may notice several other interesting things about the
distribution of land and water.

^

208. In the first place, you will find that the water
IS all connected together into one great mass, which
we call the sea. The land, on the other hand, is
much broken up by the way the sea runs into it ; and
some parts are cut off from the main mass of land,
so as to form islands in the sea. Britain is one of the
pieces of land so cjt off.

209. In the second place, you cannot fail to norice
how much more land lies on the north than on the
south side of the equator. If you turn the globe so
that your eye shall look straight down on the site of
London, you will find that m"st of the land on the
globe comes into sight; whereas, if you turn the
globe exactly round, and look straight down on the
area of New Zealand, you will see most of the sea.
London thus stands about the centre of the land-
hemisphere, midway among the countries of the earth.
And no doubt this central position has not been
without its influence in fostering the progress of
British commerce.

210. In the third place, you will notice that by the
way in which the masses of land are placed, parts of
the sea are to some extent separated from each other.
These masses of land ,^re called continents, and
the wide sheets of water between are termed oceans.
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Picture to yourselves that the surface of the solid
part of the earth is uneven, some portions rising into
broad SNvelhngs and ridges, others sinking into wide
hollows and basins. Now, into these hollows the sea
has been gathered, and only those upstanding parts
which rise above the level of the sea form the land.

211. In the foregoing parts of this litUe book men-
ion has often been made of the Sea. You have been
told that the moisture of the air comes in great part
from the sea

;
that the rivers of the land are continually

flowing into the same reservoir of water, which is like-
wise the great b.isin into which all the soil which isworn from the surface of the land is carried We
must now look a little more closely at some of themore important features of the sea.

II. Why the Sea is Salt.
212. When you come to examine the water of the

sea, you find that it differs from the water with whichyou are familiar on the land, inasmuch as it is salt
It contains something which you do not notice' inordinary spring or river water. If you take a drop of
clear spring-water, and allow it to evaporate from a
piece of glass, you will find no trace left behind. Thewater of springs, as you have already learnt (Art 117)always contains some mineral substances dissolved in
It, and these not being capable of rising in vapour
are left behind when the water evaporates. But the
quantity of them in a single d.op of water is sominute that, when the drop dries up, it leaves no per-
ceptible speck or film. Take, however, a drop of sea-
water, and allow it to evaporate. You find a little
white point or film left behind, and on placing that

^.»
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film under a microscope you see it to consist of delicate
crystals of common or sea salt. It would not matter
Irom what ocean you took the drop of water, it would
still show the crystals of salt on being evaporated.

213. There are some other things besides common
salt in sea-water. But the- salt is the most abundant
and we need not trouble about the rest at present'
Now, where did all this mineral matter in the sea
come from ? The salt of the sea is all derived
from the waste of the rocks.

214. It has already been pointed out (Arts 12J;

132) how, both under ground and on the surface of
the land, water is always dissolving out of the rocks
various mineral substances, of which salt is one
Hence the water of springs and rivers contains salt,
and this is borne away into the sea. So that all
over the world there must be a vast quantity of salt
carried into the ocean every year.

215. The sea gives off again by evaporation as murh
water as it receives from rain and from the rivers of
the land But the salt carried into it remains behind
It you take some salt water and evaporate it, the pure
water disappears, and the salt is left. So it is with
the sea.^ Streams are every day carrying fresh supplies
of salt into the sea. Every day, too, millions of tons
of water are passing from the ocean into vapour in
the atmosphere. The waters of the sea must con-
sequently be getting salter by degrees. The process
however, is an extremely slow one.

'

216. Although sea-water has probably been gradually ~

growing m saltness ever since rivers first flowed into
the great sea, it is even now by no means as salt as
It might be. In the Atlantic Ocean, for example, the
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total quantity of the different salts amounts only to
about three and a half parts in every hundred parts
of water. But in the Dead Sea, which is extremely
salt, the proportion is as much as twenty-four parts in
the hundred of water.

III. The Motions of the Sea.
217. Standing by the shore of any part of Britain,

and watchmg for a little the surface of the sea, you
notice how restless it is. Even on the calmest summer
day, a slight ripple or a gentle heaving motion will be
seen; at other times little wavelets curl towards the
land, and break in long lines upon the beach; but
now and then, when storms arise, you may watch how
the water has been worked up into huge billows which,
crested with spray, come in, tossing and foaming, to
burst upon the shores.

218. Again, if you watch a little longer, you will find
that whether the sea is calm or rough, it does not
remain always at the same limit upon the beach At
one part of the day the edge of the water reaches to
the upper part of the sloping beach ; some six hours
afterwards it has retired to the lower part. You may
watch It falling and rising, day after day, and year
after year, with so much regularity that its motion can
be predicted long beforehand. This ebb and flow of
the sea forms what are called tides.

219. If you cork up an empty bottle and throw it
into the sea, it will of course float. But it will not
remain long where it fell. It will begin to move
away, and may travel for a long distance until thrown
upon some shore again. Bottles cast upon mid-ocean
have been known to be carried in this way for'many
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hundreds of miles. This surface-drift of the sea-
water corresponds generally with the direction in
which the prevalent winds blow.

220. But it is not merely the surface-water which
moves. Yoa have learnt a little about icebergs
(Art. 202) ; and one fact about them which you must
remember is that, large as they may seem, there is

about seven times more of their mass below water than
above it Now, it sometimes happens that an iceberg
is seen sailing on, even right in the face of a strong
wind. This shows that it is moving, not with the
wind, but with a strong under-current in the sea. In
short, the sea is found to be traversed by many
currents, some flowing from cold to warm regions,
and others from warm to cold.

221. Here, then, are four facts about the sea :—
ist, it has a restless surface, disturbed by ripples and
waves ; 2ndly, it is constantly heaving with the ebb
and flow of the tides

; 3rdly, its surface-waters drift

with the wind; and 4thly, it possesses currents like
the atmosphere.

222. For the present it will be enough if we learn
something regarding the first of these facts—the
waves of the sea,

223. Here again you may profitably illustrate by
familiar objects what goes on upon so vast a scale in
nature. Take a basin, or a long trough of water, and
blow upon the water at one edge. You throw its

surface into ripples, which, as you will observe, start
from the place where your breath first hits the water
and roll onward until they break in little wavelets
upon the opposite margin of the basin.

224. What you do in a small way is the same action
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by which the waves of the sea are formed. All these
disturbances of the smoothness of the sea are due to
disturbances of the air. Wind acts upon the water of
the sea as your breath does on that of the basin
Striking the surface, it throws the water into ripples
or undulations, and in continuing to blow along the
surface it gives these additional force, until driven
on by a furious gale they grow into huge billows

225 When waves roll in on the land, thev break
one after another upon the shore, as your' ripples
break upon the side of the basin. And they continue
to roll m after the wind has fallen, in the same way
that the ripples in the basin will go on curling for a
htde after you have ceased to blow. The surface of
the sea, like that of water generally, is very sensitive.
If It IS thrown into undulations, it does not become
motionless the moment the cause of disturbance has
passed away, but continues moving in the same way,
but in a gradually lessening degree, until it comes
to rest.

226. The restlessness of the surface of the sea
becomes in this way a reflection of the restlessness of
the air. It is the constant moving to and fro of cur-
rents of air, either gentle or violent, which roughens
the sea with waves. When the air for a time is calm
above, the sea sleeps peacefully below ; when the sky
darkens, and a tempest bursts forth, the sea is lashed
mto waves, which roll in and break with enormous
force upon the land.

227. You have heard, perhaps you have even seen,
something of the destruction which is worked by the
waves of the sea. Every year piers and sea-walls are
broken down, pieces of the coast are washed away,
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and the shores are strewn with the wreck of ships.

So that, besides all the waste which the surfoce of the

land undergoes from rain, and frost, and streams,

there is another form of destruction going on along
the coast-line.

228. On rocky shores the different stages in the

eating away of the land by the sea can sometimes
be strikingly seen. Above the beach perhaps rises a
cliff, sorely battered about its base by the ceaseless

KiG. 17.—Coast-line worn iy the Sea.

grinding of the waves. Here and there a cavern has

been drilled in the solid wall, or a tunnel has been
driven through some projecting headland. Not far off

we may note a tall buttress of rock, once a part of the

main cliff, but now separated from it by the falling in

and removal of the connecting archway. And then,

further off from the cliff, isolated, half-tide rocks

rise to show where still older detached buttresses
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stood
;
while away out in the sea the dash of breakers

marks the site of some sunken reef, in which we sec
tne rehcs of a still more ancient coast-line. On such
a shore. the whole process whereby the sea eats into
the land seems to be laid open to our eyes.

229. On some parts of the coast-line of the east of
Lngland, where the rock is easily worn away the
sea advances on the land at a rate of two or three
feet every year. Towns and villages which existed a
\Qyi centuries ago have one by one disappeared, and
their sites are now a long way out under the restless
waters of the North Sea. On the west coast of Ire-
land and Scotland, however, where the rocks are
usually hard and resisting, the rate of waste has been
comparatively small.

230. It would be worth your while the first time
you happen to be at the coast to ascertain what
means the sea takes to waste the land. This you can
easily do by watching what happens on a rocky beach.
C^et to some sandy or gravelly part of the beach,
over which the waves are breaking, and keep youi

.
eye on the water when it runs back after a wave
has burst. You see all the grains of gravel and sand
hurrying down the slope with the water; and if the
gravel happens to be coarse, it makes a harsh grating
noise as its stones rub against each other—a noise
sometimes loud enough to be heard miles away. As
the next wave comes curling along, you will mark
that the sand and gravel, after slackening their
downward pace, are caught up by the bottom of the
advancing wave and dragged up the beach again,
only to be hurried down once mere as the water
retires to allow another wave to do the same work.
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231. By this continual iij) and down movement of
the water, the sand and stones on the beach are
kept grinding against each other, as in a mill.
Consequently they are worn away. The stones
become smaller, until they pass into mere sand,
and the sand, growing finer, is swjpt away out
to sea and laid down at the bottom.

232. But not only the loose materials on the
shore suffer in this way an incessant wear and tear,
the solid rocks underneath, wherever they come to
the surface, are ground down in the same process.
When the waves dash against a cliff they hurl the
loose stones forward, and batter the rocks with them.
Here and there in some softer part, as in some crevice
of the cliff, these stones gather together, and when the
sea runs high they are kept whirling and grinding at
the base of the cliff till, in the end, a cave is actually
bored by the sea in the solid rock, very much in
the same way as, you remember (Art. 174), w. saw
that holes are bored by a river in the. bed of its
channel. The stones of course are ground to sandm the process, but their place is supplied by others
swept up by the waves. If you enter one of these
sea-caves when the water is low, you will see how
smoothed and polished its sides and roof are, and
how well rounded and worn are the stones lying
on its floor.

°

IV. The Bottom of the Sea.
2ZZ' So far as we know, the bottom of the sea is

very much like the surface of the land. It has heights
and hollows, lines of valleys and ranges of hills. We
cannot see down to the bottom where the water is
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very deep, but we can let down a long line with a

weight tied to the end of it, and find out both how
deep the water is, and what is the nature of the

bottom, whether rock or gravel, sand, mud, or shells.

This measuring of the depths of the water is called

Sounding, and the weight at the end of the line

goes by the name of the Sounding-lead.

234. Soundings have been made over many parts

of the sea, and something is now known about its

bottom, tliough much still remains to be discovered.

The Atlantic Ocean is the best known. In sounding

it, before laying down the telegraphic cable which

stretches across under the sea from this country to

America, a depth of 14,500 feet, or two miles and
three-quarters, was reached. But between the Azores

and the Bermudas a sounding has been obtained of

seven miles and a half. If you could lift up the

Himalaya mountains, which are the higb.,st on the

globe, reaching a height cf 29,000 feet above the sea,

and set them down in the deepest part of the Adantic,

they would not only sink out of sight, but their tops

would actually be about two miles below the surface.

235. A great part of the wide sea must be one or

two miles deep. But it is not all so deep as that, for

even in mid-ocean some parts of its bottom rise up to

the surface and form islands. As a rule it deepens in

the tracts furthest from land, and shallows towards

the land. Hence those parts of the sea which run

in among islands and promontories are, for the most

part, comparatively shallow. To the west of the

island of Great Britain, stretches the wide Atlantic

Ocean ; to the e^st lies the much smaller North Sea

;

the former soon getting very deep as we sail west-
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wards across it, the latter never deepening much even
over its middle parts, which are nowhere so much
as 400 feet below the surface. You may get some
notion of the shallowness of the sea between this

country and France, when you are told that if you
could lift St. Paul's cathedral from London, and set
it down in the middle of the Strait of Dover, more
than a half of the building would be out of the water.

236. You may readily enough understand how it is

that soundings are made, though you can see how
difficult it must be to work a sounding-line several
miles long. Yet men are able not ly to measure
the depth of the water, but by means of the instru-

ment called a dredge, to bring up bucketfuls of
whatever may be lying on the sea-floor, from even the
deepest parts of the ocean. In this way during the
last few years a great deal of additional knowledge
has been gathered as to the nature of the sea-floor,

and the kind of plants and animals which live there.
We now know that even in some of the deepest
places which have yet been dredged there is plenty
of animal life, such as shells, corals, star-fishes, and
still more humble creatures.

237. In earlier parts of this book we have traced
some of the changes which from day to day take
place upon the surface of the land. Let us now try
to watch some of those which go on upon the floor of
the sea. We cannot, indeed, examine the sea-bottom
with anything like the same minuteness as the surface
of the land. Yet a great deal may be learnt regard-
ing it.

238. If you put together some of the acts with
which we have been dealing in the foregoing

IV. H
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Lessons, you may for yourselves make out some of
the most important changes which are in progress
on the floor of the sea. For example, try to think
what must become of all the wasted rock which is

every year removed from the surface of the land.
It is carried into the sea by streams, as you have
now learnt. But what happens to it when it gets
there? From the time when it was loosened from
the sides of the mountains, hills, or valleys, this

decomposed material has been seeking, like water,
to reach a lower level. On reaching the hollows of
the sea-bottom it cannot descend any further, but
must necessarily accumulate there.

239. It is evident, then, that between the floor of
the sea and the surface of the land, there must be
this great difference : that whereas the land is under-
going a continual destruction of its surface, from
mountain-crest to sea-shore, the sea-bottom, on the
other hand, is constantly receiving fresh materials
on its surface. The one is increased in proportion
as the other is diminished. So that even without
knowing anything regarding what men have found
out by means of deep soundings, you could confi-

dently assert that every year there must be vast
quantities of gravel, sand, and mud laid down
upon the floor of the sea, because you know that
these materials are worn away from the land.

240. Again, you have learnt that the restless agita-
tion of the sea is due to movements of the air, and
that the destruction which the sea c^n effect on the
land is due chiefly to the action of the waves caused
by wind. But this action must be merely a surface
one. The influence of the waves cannot reach to
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the bottom of the deep sea. Consequently that
bottom lies beyond the reach of the various kinds
of destruction which so alter the face of the land.
The materials which are derived from the waste of
the land can lie on the sea-floor without further dis-
turbance than they may suffer from the quiet flow of
such ocean currents as touch the bottom.

24 1. _
In what way, then, are the gravel, sand, and

mud disposed of when they reach the sea ?

242. As these materials are all brought from the
land, they accumulate on those parts of the sea-floor
which border the land, rather than at a distance. We
may expect to find banks of sand and gravel in
shallow seas and near land, but not in the middle of
the ocean.

243. You may form some notion, on a small scale,
as to how the materials are arranged on the sea-
bottom, by examining the channel of a river in a
season of drought. At one place, where the current
has been strong, there may be a bank of gravel ; at
another place, where the currents of the river have
met, you will find, perhaps, a ridge of sand which
they have heaped up; while in those places where
the flow of the stream has been more gentle, the
channel may be covered with a layer of fine silt or
mud. You remember that a muddy river may be
made to deposit its mud if it overflows its banks so
far as to spread over flat land which checks its flow
(Art. 178).

244. The more powerful a current of water, the
larger will be the stones it can move along. Hence
coarse gravel is not likely to be found over the bottom
of the sea, except near the land, where the waves can

H 2
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sweep it out into the path of strong sea-currents.

Sand will be carried further out, and laid down in great

sheets, or in banks. The finer mud and silt may be
borne by currents for hundreds of miles before at

last settling down upon the sea-bottom.

245. In this way, according to the nearness of the

land and the strength of the ocean-currents, the sand,

mud, and gravel worn from the land are spread out

in vast sheets and banks over the bottom of the sea.

246. But the sea is full of life, both of plants

and animals. These organisms die, and their re-

mains necessarily get mixed up with the different

materials laid down upon th*- sea-floor. So that,

besides the mere sand and mud, great numbers of
shells, corals, and the harder parts of other sea-

creatures must be buried there, as generation after

generation comes and goes.

247. It often happens that on parts of the sea-bed
the remains of some of these animals are so abun-
dant that they themselves form thick and wide-

spread deposits. Oysters, for example, grow thickly

together; and their shells, mingled with those of
other similar creatures, form what are called shell-
banks. In the Pacific and the Indian Oceans a
little animal, called the coral-polyp, secretes a hard
limy skeleton from the sea-water ; and as millions of
these polyps grow together, they form great reefs of
solid rock, which are sometimes, as in the Great
Barrier Reef of Australia, hundreds of feet thick

and a thousand miles long. It is by means of the

growth of these animals that those wonderful rings

of coral-rock or Coral-islands (Fig. 18) are formed
in the middle of the ocean. Again, a great part of
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the bed of the Atlantic Ocean is covered with fine
mud, which on examination is found to consist almost
wholly of the remains of very minute animals called
Foraminifera.

Fig. i8.—Island formed by the Growth of Coral.

248. Over the bottom of the sea, therefore, great
beds of sand and mud, mingled with the remains
of plants and animals, are always accumulating. If
now this bottom could be raised up above the sea-
level, even though the sand and mud should get as
dry and hard as any rock among the hills, you would
be able to say with certainty that they had once been
under the sea, because you would find in them the
shells and other remains of marine animals.

249. You will afterwards learn when you come to
the science of Geology that this raising of the sea-
bottom has often taken place in ancient times. You
will find most of the rocks of our hills and valleys to
have been originally laid down in the sea, where they
were formed out of sand and mud dropped on the sea-
floor, just as sand and mud are carried out to sea and
laid down there now. And in these rocks, not merely
near the shore, but far inland, in quarries or ravines,
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or the sides and even the tops of hills, you will be
able to pick out the skeletons and fragments of
the various sea-creatures which were living in the
old seas.

250. Since the bottom of the sea forms the great
receptacle into which the mouldered remains of the
surface of the land are continually carried, it is plain
that if this state of things were to go on without
modification or hindrance, in the end the whole of
the solid land would be worn away, and its remains
would be spread out on the sea-floor, leaving one
vast ocean to roll round the globe.

251. liiit there is in nature another force which
here comes into play to retard the destruction of the
land. AVe must in the remaining Lessons of this
bojk consider what this force is, and how it works.

THE INSIDE OF THE EARTH.

252. In the foregoing pages your attention has
been given to the surface of the earth, and what
goes on there. Let us now consider for a litde
what can be learnt regarding the inside of the earth.

253. It may seem, at first, as if it were hopeless
that man should ever know anything about the earth's
interior. Just think what a huge ball this globe of
ours is, and you will see that after all, in living and
moving over its surface, we are merely like flics walk-
ing over a great hill. All that can be seen from the
top of the highest mountain to the bottom of the
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deepest mine is not more in comparison than the
mere varnish on the outside of a school-globe. And
yet a good deal can be learnt as to what takes place
within the earth. Here and there, in different coun-
tries, there are places where communication exists

between the interior and the surface; and it is from
such places that much of our information on this

subject is derived.

254. You have, no doubt, read of Volcanoes or
Burning-mountains (fig. 19). These are among
the most important of the channels of communication
with the interior.

255. Let us suppose that you were to visit one of
these volcanoes just before what is called "an eruption."

As you approach it, you see a conical mountain, seem-
ingly with its top cut off. From this truncated sum-
mit a white cloud rises. But it is not quite such a
cloud as you would see on a hill-top in this countr}\

For as you watch it you notice that it rises out of
the top of the mountain, even though there are no
clouQS to be seen anywhere else. Ascending from
the vegetation of the lower grounds, you find the

slopes to consist partly of loose stones and ashes,

partly of rough black sheets of rock, like the slags of

an iron furnace. As you get nearer the top the ground
feels hot, and puffs of steam, together with stifling

vapours, come out of it here and there. At last you
reach the summit, and there what seemed a level top

is seen to be in reality a great basin, with steep

walls descending into the depths of the mountain.

Screening your face as well as possible from the hot

gases which almost choke you, you creep to the top

of this basin, and look down into it. Far below, ut
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the base of the rough red and yellow cliffs which
form its sides, lies a pool of some liquid, glowing with
a white heat, though covered for the most part with
a black crust like that seen on the outside of the
mountain during the ascent. From this fiery pool jets
of the red-hot liquid are jerked out every i:ow and

F'iG. ig.—View of a Volcano. Mount Vesuvius as it appears at the
present time, when viewed from the south.

then, stones and dust are cast up into the air, and fall

back again, and clouds of steam ascend from the same
source and form the uprising cloud which is seen from
a great distance hanging over the mountain.

256. This caldron-shaped hollow on the summit of
the mountain is the Crater. The intensely heated
liquid in the sputtering boiling pool at its bottom is

melted rock or Lava. And the fragmentary materials
—ashes, dust, cinders, and stones—thrown out, are
torn from the hardened sides and bottom of the crater
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by the violence of the explosions with which the

gases and steam escape.

257. The hot air and steam, and the melted mass
at the bottom of the crater, show that there must be
some source of intense heat underneath. And as the

heat has been doming out for hundreds, or even thou-

sands of years, it must exist there in great abundance.

258. But it is when the volcano appears in active

eruption that the power of this underground heat

shows itself most markedly. For a day or two before-

hand, the ground around the mountain trembles. At
length, in a series of violent explosions, the heart of

the volcano is torn open, and perhaps its upper part

is blown into the air. Huge clouds of steam roll

away up into the air, mingled with fine dust and red-

hot stones. The heavier stones fall back again into

the crater or on the outer slopes of the mountain, but
the finer ashes come out in such quantity, as sometimes
to darken the sky for many miles round, and to settle

down over the surrounding country as a thick cover-

ing. Streams of white-hot molten lava run down the

outside of the mountain, and descend even to the

gardens and houses at the base, burning up or over-

flowing whatever lies in their path. This state of

matters continues for days or weeks, until the volcano
exhausts itself, and then a time of comparative quiet

comes when only steam, hot vapours, and gases are

given off.

259. About 1800 years ago, there was a mountain
near Naples shaped like a volcano, and with a large

crater covered with brushwood (fig. 20). No one had
ever seen any steam, or ashes, or lava come from it,

and the people did not imagine it to be a volcano, like
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some other mountains in that part of Europe. They
had built villages and towns around its base, and
their district, from its beauty and soft climate, used
to attract wealthy Romans to build villas there.

But at last, after hardly any warning, the whole of
the higher part of the mountain was blown into
the air with terrific explosions. Such showers of
fine ashes fell for miles around, that the sky was as
dark as midnight. Day and night the ashes and

Fig. 20.—Vesuvius as it appeared befoie Pompeii was destroyed.

Stones descended on the surrounding country ; many
of the inhabitants were killed, either by stones falling

on them, or from suffocation by the dust. When at
last the eruption ceased, the district, which had
before drawn visitors from all parts of the old world,
was found to be a mere desert of grey dust and
stones. Towns and villages, vineyards and gardens,
were all buried. Of the towns, the two most noted
were called Herculaneum and Pompeii. So com-

^
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pletely did they disappear, that, although important
places at the time, their very sites were forgotten,
and only by accident, after the lapse of some fifteen

hundred years, were they discovered. Excavations
have since that time been carried on, the hardened
volcanic accumulations have been removed from the
old city, and you can now walk through the streets
of Pompeii again, with their roofless dwelling-houses
and shops, theatres and temples, and mark on the
causeway the deep ruts worn by the carriage wheels
of the Pompeians eighteen centuries ago. Beyond
the walls of the now silent city rises Mount Vesuvius,
with its smoking crater, covering one-half of the old
mountain which was blown up when Pompeii dis-

appeared (See fig. 19.)

260. Volranoes, then, mark the position of some of
the holes or orifices, whereby heated- materials from
the inside of the earth are thrown up to the surface.

They occur in all quarters of the globe. In Europe,
besides Mount Vesuvius, which has been more or less

active since it was formed, Etna, Stromboli, and
other smaller volcanoes, occur in the basin of the
Mediterranean, while far to the north-west some active

volcanoes rise amid the snows and glaciers of Iceland.
In America a chain of huge volcanoes stretches down
the range of mountains which rises from the western
margin of the continent. In Asia they are thickly

grouped together in Java and some of the surround-
ing islands ; and stretch thence through Japan and
the Aleutian Isles, to the extremity of North America.
If you trace this distribution upon the map, you will

see that the Pacific Ocean is girded all round with

volcanoes.
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261. Since these openings into the interier of the
4Mnh iire so numerous over the surface, we may
CWJ^'hide that this interior is in.tensely hot. But we
have uihe* proofs of this interi; 'l heat. In many
countries hot springs rise to the surface. Even in

England, which is a long way from any active
volcano, the water of the wells of Bath is quite
warm (120° Fahr.). It is known, too, that in all coun-
tries the heat increases as we descend into the earth.

The deeper a mine the warmer are the rocks and
air at its bottom. If the heat continues to increase
in the same proportion, the rocks must be red hot
at no great distance beneath us.

262. It is not merely by volcanoes and hot-springs,

however, that the internal heat of the earth affects

the surface. The solid ground is made to tremble,
or is rent asunder, or upheaved or let down. You
have probably heard or read of earthquakes:
those shakings of the ground, which, when they are at

their worst, crack the ground open, throw down trees

and buildings, and bury hundreds or thousands of
people in the ruins. Earthquakes are most common
in or near those countries where active volcanoes exist.

They frequently take place just before a volcanic
eruption.

263. Some parts of the land are slowly rising out
of the sea ; rocks, which used always to be covere:!

by the tides, come to be wholly beyond their XxaixX^- ;

while others, which used never to be seen at uU,

begin one by one to show their heads above water.
On the other hand some tracts are slowly sinking

;

piers, St walls, and other old landmarks on the
beach, .?,rf "tt afu^r another enveloped by the sea
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as it encroaches further and higher on the land.

These movements, whether in an upward or down-
ward direction, are likewise due in some way to the

internal heat.

264. Now when you reflect upon these various

changes you will see that through the agency of
this snnip internal heat land is preserved upon the

face of tie earth. If rain and frost, rivers, glaciers,

and the sea were to go on wearing down the
surface of the land continually without any counter-
balancing kind of action, the land would neces-
sarily in the end disappear, and indeed would have
disappeared long ago. But owing to the pushing out
of some parts of the earth's surface by the move-
ments of the heated materials inside, portions of the
land are raised to a higher level, while parts of the
bed of thr^ sea are actually upheaved so as to form
land.

265. This kind of elevation has happened many
times in all quarters of the globe. As already men-
tioned (Art. 249), most of our hills and valleys are
formed of rocks, which were originally laid down on
the bottom of the sea, and have been subsequently
raised into land.

CONCLUSION.

266. In conclusion, let us sum up the leading
features of the foregoing Lessons.

267. This earth of ours is the scene of continual
movement and change. The atmosphere which
encircles it is continually in motion, diffusing heat,

Jight, and vapour. From the sea and from the waters
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of the land, vapour is constantly passing into the air,
whence, condensed into clouds, rain and snow, it

descends again to the earth. All over the surface of
the land the water which falls from the sky courses
seawards in brooks and riverj, bearing into the great
deep the materials which are worn away from the land.,
Water is thus ceaselessly circulating between the air
the land, and the sea. The sea, too, is never at
rest. Its waves gnaw the edges of the land, and its-

currents sweep round the globe. Into its depths the
spoils of the land are borne, there to gather into rocks,
out of which new islands and continents will even-
tually be formed. Lastly, inside the earth is lodged a
vast store of heat by which the surface is shaken,
rent open, upraised or depressed. Thus while old
land is submerged beneath the sea, new tracts are up-
heaved, to be clothed with vegetation and peopled
with animals, and to form a fitting abode for man
himself.

268. This world is not a living being, like a plant
or an animal, and yet you must now see that there
is a sense in which we may speak of it as such. The
circulation of air and water, the interchange of sea
and land

; in short, the system of endless and con-
tinual movement by which the face of the globe is
day by day altered and renewed, may well be called
the Life of the Earth.
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