xvi INTRODUCTORY.

the water or on the land; but some have adopted the air
as their home, while others have taken to life underground,
though always near the surface.

Air and water are ever changing; the lands are also
changing, though more slowly; and plants, and animals are
varying in their relation to air, ocean, and land. These
changes have a profound effect on man, and it is therefore

important to study about them.

Such a study is known as Physical Geographjr. which may

be defined as the study of the physical features of the earth
and their influence on man.

NEW PHYSICAL GEOGRAPHY.
g
CHAPTER 1.
THE EARTH AS A PLANET.

1. Shape of the Earth. — When we look at the full moon
we see clearly that it is a sphere in the heavens (Fig. 2).
If we could 'stand on the
moon and look at the
earth, we would see that
it, too, is a sphere. But
the earth is a much larger
sphere than the moon
(Fig. 3).

Over two thousand years
ago it was known that the
earth was a sphere; but
this was later forgatten,
antl for a long time the
earth was believed to be
flat. Before the time of
Columbus, navigators im-
agined all sorts of terrors at the edge of a flat earth: and

Columbus had difficulty
in finding sailors who

F1a, 2.—The moon,

were willing to face
these imaginary terrors.
Columbus’s voyage
helped to bring into
prominence the old
Fia. 3. — Relative size of earth and moon. I”'”ﬂf‘\' that the earth
The figures are the diameters in miles, IS a s]';lleru.
B 1
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No matter where one may stand on the seashore, or on a vessel
in the open ocean, he may find proof that the earth’s surface is
curved (Fig. 4). The
sails and smoke of
L[ihTIl]l[h]liilﬁill‘é‘hl‘f‘li
while the hulls are
hidden behind the
curvature of the
earth (Figc.6). Asthe
ship comes nearer,
more and more of it
i3 seen. This does
not prove that the earth is a sphere, for other curved bodies,
such as an egg-shaped*one, would produce the same effect.

That the earth is spherical 4
18 now proved, and its sizeand
exact form have been meas-
ured by scientists. Travelers
have gone around it in various
directions, and it is known
how far one must travel to
return to the starting point.
Among the proofs that the
earth is a sphere, and one
known to the ancient Greeks,
is that ful'l:ishl-lﬂiyw-lipse‘*snl'
the moon) Suchan eclipse is
caused by the earth’s shadow
thrown on the moon when
the earth comes between the
sun and moon. This shadow
is always bounded by part of a circle (Fig. 5). If the earth were
not a sphere this could not be so, for in some positions its outline
would be certain to show the true form.

F16. 4. — The curved ocean surface.

F16. 5. —Curved shadow of the earth dur-
ing an eeclipse of the moon,

Fi6. 6.— To show why part of a distant ship is hidden. The straight line is the
line along which a man on the deck of the sailing vessel would look.

THE EARTH AS A PLANET.

The earth 1s not an exact sphere, for the diameter at the equator
18 7926 miles, and at the poles 7899. This difference in the two
diameters is due to a slight flattening at the poles. Such a slightly
flattened sphere is called an oblate spheroid. Compared to the
earth as a whole this flattening is so slight that it cannot be shown
on an ordinary globe.

Summary.ﬁ The earth is a .\'f."_rﬂ'ffflf,' Jattened x,n[n;'r-_ or oblute
S!ll“‘l‘fll.ff, ]f.\‘ l‘!n't'!'f'f .\'f't",rt.lﬁ'l‘ ean ﬂ'u' Seen on .f/u' OoCedn ! r‘f'/f!a.\'t'.\’ u_I'

the moon prove that it is «a sphere | its size and shape have been

measured ; and the distance around it in all directions is known.
Vo .

2. Other Spheres. — The earth is only one of a great num-
ber of spheres in space. The nearest of these is the moon,

whose average distance is
about 240,000 miles. All
the stars are also spheres,
far larger than the moon,
and billions of miles away.
At the rate of an express
train it would take tens of
theusands of years to reach
the nearest star. These stars
are all ﬁt:l'_\' hot; buat the
moon 18 & cold mass of rock.

The huge sun, another
sphere, is a star with a diam-

! o = F16. 7.—To show the great size of the
cter of 860,000 miles (F 17, sun. The earth, moon, and orbit of

T) Its averace distance the moon could all be placed inside
. . e the sun, as shown.

from the earth is 92.750.000

miles, and yel it is 80 hot that heat and 'li}_{'lll from it cross
that distance, making life on the earth possible.

The sun is the center of a family of spheres which form
the solar system. In this system there are eight large
spheres called planets, of which the earth is one. The sun
and stars shine by their own light ; but the planets merely

(=] o

reflect sunlight, as the moon does. The bright evening and
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morning “stars” are planets, like the earth.
them tlnu arth would be seen to have the
llﬂ‘ht that 1]1(‘\ show to us.

MERCURY
¢ VENUS
EARTH
MARS
SATURN

BUN

00 "\ 450,000,000
67,000,000
= 26,000,000

F1G. 8. — The

~~-581,000,000

distances from the sun to the different planets.

From one of
same steady, bright *

o= 1IT1, 000,000 H
2,775,000,900 - —

The figures

are distances in miles

Seme of the planets arve far more distant rll an the sun (Fig. 8),

Neptune,

EARTH

Fig. 9. —To show the relative size
of the four smaller planets.

The figures are diameters in
miles.

the l'e!:'[.'f'-s‘! )»/’f.';w.’ .fi.'/ir'ff-?

the most distant of all, being over
How distant that is may perhaps be unde Mfunl by the

700,000,000 miles.
following
illustration. Ifan express traincould
have started toward Neptune in the
time of Christ, and have traveled
steadily onward day and night at
the rate of sixty miles an hour, it
would not yet be 1|.1lt\'.‘|\r there.
Not only are the planets far aw: 1y,

but some of them are very Ll.zge

(Figs. 9, 10), .Iu]ntm the largest,
is 86, HI)U ml]P\ in diameter. In the
spacebetween Mars and Jupiter there
are also a number of very small
\])I]I res, called asteroids. The wrgest
is about 500 miles in diameter.,

Summary‘ — Other spheres besides
the earth are the stars, sun.
planets, and asteroids. The moon
andd ‘,ul'n‘ur'.'.\' are cold, and shine by
reflected light ; the stars and sun ru'.f;
Jiery hot.  In the solay system, uhich
includes the sun.

maoon.,

moon, planets, and

asteroids, the f«f;fﬂ st sphere is the sun

and the most distant }:fu.-u( ‘\;-,;."u,w

THE EARTH AS A PLANET. )

3. Movements of the Spheres. — Little is known about the
motions of the distant stars. But all the planets whose
movements are
known have been
found to turn, or Satarn
rotate, on an axis.

The earth takes

one day for rofa- Wephioiig
tion ; the sun over
25 days; Jupiter
9 hours, 55 min-
utes ; the moon
274 days.

All members of
the solar system
also travel, or re-
volve, arvound the
sun. This revolution! is along a nearly circular path, or
orbit. The orbit is not an exact circle, but an ellipse (Fig.
11), and the sun, instead of being at the center, 1s a little
to one side, at one of the foei of the ellipse. This causes

the earth to be

nearer the sun
aft one season
(over 91,000,000
miles) than in the
opposite (over
94,000,000 miles),
when it reaches

Fia. 11.—A cirele (on left) and ellipse (on right). the other end of
Find the center of the circle (U') and the foei of Pt Tha
the ellipse (FF). the elllpm?‘. ['he

earth requires a

little over 865 days, or one year, to make a complete revo-
lution around the sun.

Jupiter

Fi1G. 10.— To show the relative size of the four larger
planets.

1 For fuller treatment of revolution, see Appendix A.
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I\’I_erca,lry, the smallest and neavest of the Planets (Figs. 8, 9)
requires only 88 days for a single revolution, What is ?.he t’lime’
required by the other planets (Fig. 12) »

Several of the planets h

ave moons. The word satellite, mean-

ing follower, is given

to these smaller

spheres because they

follow their planets

i their revolution

around the sun. The

7 earth has one moon :

no moons have heen

i disecovered for Mep.
165 years 84 years cury or Venus: but
Saturn has eight. [t

. is believed that each
satellite rotates on an axis and revolves in an ellipse around its

P m & < r 2 .
phmet._ The moon makes one revolution around the earth in
about 271 days.

]

F1g. 12. — Time of revolution of the planets,

Summary. — 8o far as

known, all the planets rotate on txes
all vevolve arownd the

sun i elliptical orbits.
tion and revolution differ. Satellites
planets.

y nd
The periods of rota-
accompany several of the

4. Rotation of the Earth. — M

any uninformed people believe
that the sun rises, I

asses through the heavens, and sets in
the west. Our own ancestors, centuries ago, held the same
belief. We still use their terms, sunrise and sunset, though
we well know that it is the turning of the earth on its ;U:is
that makes the sun appear to rise and set,

! In looking from
the window of a train it sometimes seems as if obje

passing by, while it is real
In the same way, as the e
the sun seems to travel

cts were
ly you yourself that is moving,
arth turns with us toward the east,
in the opposite direction.

The rising and setting of ]

16 moon, and the apparent move.
ments of the stars at night,

are also due to the earth’s rotation,

-
[
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Find the North Star by fu}lox\\;'ing Eh:]- I}Ei.lzte{r:: U::lﬁf,2:3‘;:,132135

ireat Dipper (Fig. 13). Notice that it does not move a g1k
E}zli (It]lflldtr l‘th}el l)i{)pe? and ot]'ter_.v.tﬂ.rs ::'eom l.'n smm: .a:]m,;né?n‘]ﬁ:
The farther a star is from the North Star the greater the circ
through which it swings, those lf;n'
away rising in the east and setting
in the west. Itused to be thought
that the sky was a great dome
with stars set in it, a few miles
from the earth, and that it slu\.v]:y
swung around the earth. W.e
now know that the earth’s axis
points toward the North .Star and
that, as the earth turns, 1t causes
the stars to appear to swing round
the North Star.

North Star «

Summary. — It was formerly e B T o e
thought that the sun, moon, ;‘{-n;l ;;lej North Stat.
moved; we now know that these ! .
::;i?((rflfjnf l‘f;?(?::ﬁ:‘:f.‘)fi!?iﬂtS are caused by f."r{i? earth’s r::fr-[f[{m. ,{'{!P ff!{:::
of the earth points toward the North Star; therefore the other stars
seeny to cirele round it.

5. Effects of Revolution and Rotation. — l:ntnf;iun “,f *1‘{1](:'
earth has given the basis for our i;()ll]!ﬁ]l}t‘dtl{)}] of time.. | I s
we reckon a day as the period required for one 1‘(;1‘3_‘(_101_1
(24 hours). The day is divided into hours, e;u:lxrloluill.;,fe}[nﬁ
the time required for the sun’s rays to advance 1) over the
eurved surface of the rotating earth. By rotation, also, the
day is divided into a period of light and one of d_a.rl\‘ne%.
Name some habits of plants, animals, and men that are de-
termined by this effect of rotation. )

Revolution of the earth is also a matter of the lllglzt?sft
importance. By it another standard of time, the }_'t_‘,'cLl', 1~.
fixed. Revolution also causes an apparent movement of
the sun, by which it rises and sets farther north or :-:a()lllt]l
at (h‘ﬁ’ei'el;t. times, These changes in the sun’s position,
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which cause the seasons, have determined some of man’s
most characteristic habits. Name some ways in which revo-
lution affects you, —your home, clothes, foods, and games.
Recall from your study of geography how revolution affects
the habits of the Eskimos.

Summary. — Rotation determines the length of our dey, causes
day and night, and wnfluences our labits, Revolution qives us our
year, our seasons, and also profoundly affects our habits.

6. Gravity and Gravitation. — The earth exerts on all
bodies upon it an attraction which we eall gravity. By
gravity men are held to the surface of the earth ; a stone
thrown into the air is drawn back to the earth; the air is
prevented from flying away into space; and the oceans are
held in place. It gives to. the ocean a curved surface, be-
cause each particle of water is attracted toward the center

of the sphere. Each part of this curved surface, or

sea
level, is at right angles to a line leading toward the earth’s
center,

Bodies in space also exert an attrac
For example, the moon exerts an attraction upon the earth,
and the “earth upon the moon; but the earth, being larger,
has the stronger effect. This attraction of bodies in space
is called the attraction of gravitation.

Gravitation is the bond that hold
planets to the orbits along which t1
If it could be possible for the
gravitation, the earth w

tion on other spheres.

s the earth and other
1ey travel about the sun.
sun to lose its attraction of
ould fly off into space, as a stone
whirled by a string flies away if the string breaks,
tion also holds the moon so firmly that it swings around the
earth with such regularity that its position a thousand years
from now can be accurately foretold. - The law of gravita-
tion was discovered over two centuries ago by Sir Isaac
Newton; yet even now no one knows exactly what causes
it nor why it operates in the universe,

Gravita-

A 9
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is able to travel along its orbit of
itation, the earth is able to travel along :
Held by gra\ntatmu], the e ulﬂ m;p At v
: iles each year at a rate i
i ““}‘-‘h Cdt i"ywhirhnn' on its axis so rapidly that a 1121
he same time, 1t 18 1g il i :
ok tn the equator is moving at the rate of 17 mlles.ti;e g
: % : ; ! 2 V(L Se U A W )
01 0 t aware of these rapid movements, btumm e : ;..-Lﬂw,ly
31"31110.' (K with us. Even when traveling on a I];ultsytl 5 S
A ‘ I ; ut the eart
:m(‘1 we”’s(-)metimes forget that we are moving. i
5 | : g . ey ar=-0Dv ;
e ’s without jar or noise, and there are no near-by ob)
moves without ]
us to swiftly pass;
therefore, for many
generations men did
not even suspect that
they were moving ab
all.

Summary. — Grav-
ity is the attraction
that holds objects to
the earth; it causes
the c ;'"t’(’{l S ?"f([CE
called sea level
Gravitation, discor-
ered by Newton, is
the attraction exerted
on one another by
bodies in space and
by which the spheres
are held to their orbits.

7. Heat in the
Solar System. —
et “I‘]y FiG. 14.—Craters on the moon, seeming t.«,; int(.iici
b o G, A% IA LTS : i y ¢ ; ~
member of the solat cate former voleanic eruptions due to a heate
SySth that is hot condition of the interior.
ch to glow; Trg
le)n?fbh)a t %gvs th,e other members have apparently also bfetn
e oo i he surface
hot Jlupite; appears still to be so warm at the} su (‘-m
: eal The earth is colc
that the water rises in clouds of steam. The earth
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:l: the surface, but hot within (p- 17); the small moon
though now cold, was apparently once hot within l

.I.lu.' heat (‘nl tlms:im 1850 great that even mineral substances
exist in the form of gases. Thiswhite hot sun is slowly :-unll-
ing by radiating its

heat off into .\'}-Jﬂl'l?:

but a few small

pnims. of which the

earth is one (Fig.

15), intercept a

minute portion of

these rays, on which

: animal and plant
i'n:" 11-’ —To iHnstr‘:_nv the very small proportion of life 'I"['““El'
;illw ll‘i.mlul-.rll':ll_\s passing out from the sun that reach ys
BTy With ereat speed
H."..(lilﬂf()(rl) miles that separate us from the ~'[1f;'|lm‘ ,i'f}‘“.‘*. ”“\‘\ <
|ﬂ.;ll"t-ll H_E about 8 minutes, while, at the rate .«si' wA“*'.-\ 1'" L“-“I ‘[i“‘
train, 175 years would be required. The distant »‘]'n;‘t:‘ \flflfhlﬂ
|,inn]ﬂ_](‘.~;s receives too little heat for life: '\]r!‘f“:' 'l; e
ﬂml 1t perhaps receives too much: but the 1-:;1"11 1\ 'l\i'h‘:' .“"i“'
sibuated that it receives neither too much nlnr 'u; ’]i:l']l\:lmbh
t.]lf‘ sun cools down to a red lieat, in some |':ll‘-11iﬁ‘1"ll' bt 'I“ ‘ =
life on the earth will no longer in_; possible. G

B __n ) A
mary. The members of the solar system

! show signs of
]H*Hf, either past or present g

Heat, radiated Jrom the white hot .\-r_r,.:‘

L e T S SR .
1 § rap; f_',‘ (cross space , and some af 1it, ."f‘n'"fzt'nf,u the eartl
g s . LY

makes life jpossible,

Toricar. OuTLiNg, QUESTIONR, AND SUGGESTIONS,

Shape of Earth. — F ief
: : | . : .— Former belief : proofs of
roundness ; exact shape; length of diameters AR

2. 0t The '
0 her Spheres.'ﬁ 1_]1" moon; stars; sun; solar system: relativ
size of planets; relative distance: asteroids . | o

3. Movements of the Spheres.— () Rotation : time required.

Toricarn Ourning, —1
]

(®) Revo-
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lution : nature of path; effect on distance from sun to earth; time re-
quired. (¢) Qatellites : meaning of name; number; movements.

{. Rotation of the Earth. — Apparent movement of sun, former belief ;
real explanation; movements of stars; explanation.

5. Effects of Rotation and Revolution.— («) Rotation: effect on divi-
sions of time; on day and night: on habits of man. (&) Revolution:
effect on division of time; on seasons; on habits of man.

6. Gravity and Gravitation. — (a) Gravity : nature; effects: nature of
seq level. () Gravitation: natnre; movements of moon and planets;
discovery by Newton. (c) Rapid movements of earth.

7. Heat in the Solar System.Aw} Evidence of heat in the solar sys-
tem. () Sun's heat : condition of sunj; rate of passage of rays; pro-
portion received by earth; other planets; effect of future cooling of sun.

QuesTions, — Section 1. What was formerly believed concerning the
shape of the earth? What proof is there that the earth is spherical?
What is its exact shape? Giveits two diameters.

9. What other kinds of spheres are there? How do planets and stars
differ? What isthe solar system ? What are asteroids? Give the dis-
tance from the sun to each of the planets (Fig. 8). Name the planets
in the order of their size (Figs. 9 and 10).

3. What important moyements have the planets? State the differ-
ence in time of rotation. Of revolution. What is the distance from
earth to sun at opposite seasons? Why this difference ? Give some facts
about satellites.

4. What was formerly thought regarding the daily movement of the
sun? What is now known to be the cause of it? Deseribe the move-
ment of the stars, and explain them.

5. What are the important effects of rotation? Of revolution?

6. What is gravity? Give examples of its effects, What is the
attraction of gravitation? What effect has this upon revolution? Why
are the earth’s movements not more noticeable ?

7. What is the evidence of heat in the members of the solar system?
What change is going on in the sun? What effect has that on the
earth ? Why is there probably no life on Neptune or Mercury? A%
what rate does sunlight travel?

SUGaESTIONS. — These sugqe stions are made i'rff}r"-“j}'nfn‘, ‘J'I‘IJN.F,';,' it is not
expected that any school will find it feasible to carry out all, or even a majority.
From among them, however, every teacher will find it possible to sé lect some.
(1) Carefully examine the moon and note its roundness. If possible,
look for the craters through a telescope or spyglass. (2) If an eclipse of
the moon comes during the year, observe it and note the eircular outline
of the earth’s shadow. (3) With a lamp, throw on the wall the shadow
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of a ball in various positions. Do the same with a cylinder; with a
square. Which always shows one kind of outline ? (4) A period devoted
to the meaning of scale may be combined with a study of the size and dis-
tance of the members of the solar system. This can be done with profit
by eutting disks out of brown paper to represent the planets (say on a
scale of one ineh for 5000 miles) ; and marking off distances in the school
yard (say on a seale of one inch for 200,000 miles) to represent distances,
(3) Take a string five feet long with a loop in the end. Put the loop over
a nail driven in the floor. With a piece of chalk at the other end of the
string draw a circle. Now drive another najl two inches from the first.
Take a string ten feet long and tie the ends, Put it over the two nails,
and with chalk held in the loop draw a figure as near a circle as you
can. It will not be a cirele, but an ellipse. If you put the two nails (the
foci) farther apart, say six inches, the ellipse will be still less like a circle,
(6) Rotate a globe or apple in front of a light to underst
of day and night. (7) Observe the st
North Star at 8, 9, and 10 o'clock. What changes do you notice?
(8) Compare the movements of a planetin the I
“star,” with that of a neighboring star.
a telescope look for the moons of .
(10) What are shooting stars and ¢
read about the sun and the
Magellan, and Galileo learned

and the cause
ars of the Great Dipper and the

leavens, say the evening
Why the difference ? (9) With
JTupiter and the rings of Saturn,
omets? (11) In some astronomy,
planets. (12) Find out what Aristotle,
about the earth,

Reference Books. — References to a Jew selected books are placed at the
end of each chapter. Other reference books and magazines
Appendiz L. Newcoms, Elements of A
New York, 1900, 81.00: Youxc

v :
are listed in
stronomy, Ameriean Book Co.,
y Manual of Astronomy, Ginn & Co.,
Boston, 1902, 82.45 - Tobp, New Astronomy, American Book Co., New
York, 1897, $1.30; Lockyer, The Chemistry of the Sun, Macmillan Co.,
New York, 1887, 81.50,

CHAPTER IL
1
GENERAL FEATURES OF THE EARTH.

THERE are three quite
different parts of the
earth: (1) the solid
earth; (2) the liquid
ocean which partially
covers the solid earth;
and (3) the gaseous
envelope, or ;:tnmsplm-e;

8. The Atmosphere.”
— There is some air at
a hei'_ﬂlt of 200 or 300
‘miles from the earth;
but most of it is with-
in a few miles of the S 1 Bl o~ rle-pt'lls n‘f :Ii!:l;:(z
surface. %Iht' air is "Il ;\(;:.Irl(:!:llltliie | ;:‘\I:h;"n.,llh:m..‘h]m[‘[
mixture of transparent

miles  being one of the greatest
gases, mainly oxygen ocean depths.
Baser ) ;
and nitrogen, whose 8
presence on every hand we hardly re:

gvery breath draws it in for the pur-

1ze. Yet our

pose of supply-
I8 i annot be seen,

i ife-givi (yoe Though it cal

ing life-giving oxygen. ‘ omagesicc

we feel its presence when the wind
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moving 1 1 “\) [k ro l‘.'ll |
1 lere e 1 W SsIn W { ea 8 O | portance.
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1 Yor latitude and longitude, see Ap]
2 See also Chapter XIIL




