ON THE CONCENTRIC

»
»

By P. H. L’ESTRANC

ASSISTANT MASTER AT MALVERN COLLEGE ; LATE xxmu'rlom,n OF . QDEEN'S CMHG&\@!

¢

W

 LLUSTRATED BY 177 PICTURES AND DIAGRAMS IN.
AND. .ACCO‘MP‘ANIED BY,
172 MAPS AND' DIASRAMS IN COLOUR: w»rm‘m

A







Preface to the Teacher

HE Aims of this book are, in general, to stimulate graphers. When the principles of geogrp,ph hwo J
- the learher’s reason rather than to train his been examined, they are applied first of a :
emory ; to give him the power of using a few facts and Country, and then to countries which b
neiples well, rather than of merely storing in his more and more unlike our own.
nemory a great many details, most of which are at best The First Part therefore deals thh the E&ﬂh’ :
seless, often distinetly harmful to the growing intellect. Land Forms, Weather and Climate and quftﬂ
lTastery of details is a small thing compared to the ability Seasons, and the Conditions necessary for Pla.nt uhd
o understand their meaning. In a word, Education, not mal Growth. The methods of graphloally showmg
Instruction, is the end in view. above are then described (Survey Maps, Map Progecm ;
1 In particular, an attempt has been made to provide a Climatic, Rainfall and Vegetation Maps, and so on). The i
" definite course of geographical teaching for schools, so thorough understanding of all maps, illustrations an
arranged that every boy in the school in which this book diagrams is ensured by a complete series of qlleﬂiw .
| is adopted may be free from the danger of being taught The Second Part treats of the British Isles ; the This
' one special part of Geography over and over again, of Europe ; the Fourth, of North America and Asia
owing to defective organisation, and at the same time not  Fifth, of Central and South America and Aﬁncl i
so rigid as to preveat the teacher from exercising the Sixth, of the “ British Empire * as a whole, the
ntinost latitude in the treatment of his subject. =~ .+ acquired knowledge being applied to the diverue
To take the case of an imaginary schoolboy. He be- whigh-the Empire is composed. fraet
gins in the lowest class, and, as the school is divid®d into  In each Part the followmg order is adopud
the three sections for geographical teaching, 'natumlly“ tign mkf,he W?rld and Comparative Area ; (n}’ urf
learns only the parts of the book under the heading “ A.” Chamctenstws and Structure ; (III) Seasonal ’
_If he is a slow learner, he will take perhaps two years to pitres and Pressures Winds and Rainfall :
h the nndd]e section “ B of the school. He will Jatura.l a.nd Induutnal Mineuls

#

: If he then gets into the ““ B " section, he will go a,ctual state of development Hutory
i M same ground again, but will gain additional graphical considerations, Neoedury fa
- knowledge, at the same time revising what he has before places, ports, industries, and tmd& e
; dired indsoﬂnintheupperor“C”section canal, or rail—are shown in an accon
‘a Test Map (printed on the bmk),

usually, e.g. towns are referrod to as
order of population ; rivers as Bl
length, and so on. 4 ;
wqiﬂlitmn of knwlodgn A Progressive A simple method is thus ,mppliod'

s,deminhnﬁmpmded.
Adoptod ‘m as follows. The learnor,




‘ 1ml)mture at various seasons, its winds and ramfall can
e usually deduced. From these follow its natural vege-
tMnon and products, and the pursuits of its human in-
§ h&bitants and their distribution.
. Again, regions of the world which have similar con-
s “ditions as to position and climate are treated side by
 side e.g., Asia and North America ; South America and
Africa ; Australia and British South Africa. The map
* projections are usually chosen in such a way that lines of
latitude are straight, and correspond in both the areas
> ghown side by side for comparison. Thus, South America
~and Africa are put side by side with the equator running
right across the page as one straight line. Climatic com-
parisons thus become easy. The Regional Method is
g a,duyted as far as possible, though continents are also
treated as a whole for the sake of convenience, Wall Maps
and Readers being usually arranged on a Continental
basis.
To carry out the above scheme it has been necessary
" to make a long Series of Maps (69 plates in all). Each of
these deals with that aspect of the country which is re
qmred The names in each map are printed in three
. different colours. The boys in block “ A learn the
i names in brown, those in “ B learn the blue names as
well, those in *“ C” the names in brown, blue and red.
~ All Illustrations have full notes and questions below

o)
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meaning of the details in the map. The pupll is mt told ‘,
to read so manv pages and look up the plﬂaes in a map

“—a piece of advice seldom followed ; but’ he is given a’*
map, and from it he has to find out the answers to various f,j\"’
problems. o

Special Methods of Teaching.—Exercises are set whlph. S\
have to be done by the pupil in preparation for the lesson ;
these can usually be written from the maps. In class, ° ;
the written work is handed in, and the lesson heard with il
the help of the Test Maps. Several of the exercises cbn-
sist in tracing maps, so as to bring out special features ;
some set maps to be drawn on squared paper by means of
given co-ordinates, or on ordinary paper by means of
lines and angles made by a protractor. \:;

Apparatus.—A large-sized globe, either marked phy- “
sically or made with a slate surface for chalk, and a series -
of large physical wall maps (unnamed for preference) are
almost necessities in the class-room. A supply of trans-
parent tracing paper (8 inches by 10 is a convenient size)
is also necessary. Squared paper, rulers and protractors.
are also needed for certain exercises.

Extra books for the pupils are not a necessity. A good
reference atlas, for use in the same way as a dictionary,
may be kept in the class-room or library, but is a danger-
ous weapon in the hands of a beginner. Good descriptive
Readers can well be used in conjunction with this book,
but should not be given to the pupil to work up as a set
task. The reading of extracts from good geographical
authorities by the teacher is of greater value in most cases.

Preface

Mackinder), The Atlas of Meteorology (Bartholomew &
Herbertson), The Distribution of Rainfall over the Lands
(by A. J. Herbertson), The Handbook of Commercial
Geography (by G. G. Chisholm), Philips’ Advanced Class
Book of Modern Geography, The Historical Geography 6;‘ 5
Palestine (by G. A. Smith), and Maps, their Uses and
Construction (by G. J. Morrison), have proved of gmw
assistance, which I here take the opportunity of ac-
knowledging.

P. H. ’ESTRANGE.
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The Earth’s Crust—Igneous
. RocKks.

 fi Men find themselves living upon a great sphere
with a surface partially dry and partially covered
by great ozeans. By actual measurement and
calculation they find that the diameter of this sphere is
about 8,000 miles, its circumference about 25,000 miles ;
the hlghest land is about 53 miles above sea level ; the
, deepest ocean bed about 6 miles below it : that is, the
surface of the globe is comparatively smooth much
smoother than the skin of an orange when compared
to its diameter. Far down beneath the surface there
must be intense heat, judging from the increase in tem-
perature as a mine gets deeper. To account for this
state of things, it is supposed that once there was in space
« a great mass of heated gaseous particles revolving round
a centre, gradually cooling. At last a more or less solid
crust was formed ; the water vapour, as the surface cooled,
was able to fall as rain, and fill up the hollows on the
sphere, which in the cooling was naturally not absolutely
~ smooth. Thus an arrangement of ocean and continent
' may have originated. The character of the rock-surface
»  would naturally resemble the rocks formed by voleanoes
. in recent times. Geologists have discovered that these
igneous or fire-formed rocks vary in appearance, according
" to the rate of cooling. Very rapidly cooled lava assumes
a glassy form. If the cooling process is slower, the vari-
ous constituents have a tendency to form crystals, and
: ss is very slow the rocks may become entirely
2. The necessary conditions only exist deep
ﬂlasurfaoe, and of course are no longer associated

?‘ ¢
e
 yith

but not_volcanic 1gnemxs The photograph of
rock tpeenmens clearly shows the differ-

Nos. 1,2, 8, 4mpie(uolcmdonand
'l'bo escape of im
rocks, has n no
No. 5 shows a rock which has cool
somewhat like bottle , but mmy
cu ud!y be seen 0. & 1§ an exam

 of an entirely
ogohd dow y. dnp dmmunder grm‘;twm




T T

ety e e e

2 | A PROGRESSIVE COURSE OF

L3

This supposition of a gaseous nucleus is known

B as the Nebular Hypothesis. Various analogies

can be found for it among the other bodies in

space. Perhaps the ring round Saturn is a revolving mass
of similarly heated particles.

Igneous or fire-formed rocks may thus be divided into

Voleanic, i.e., those which have® cooled more or less

rapidly near the surface, and Plutonic, which have cooled
slowly., usually at great depths. There is, of course, no

Copyright] [R. Weleh, Belfast.
¥i6. 2.~PorTioN oF THE Giaxts' CAUSEWAY.
)

What kind of rodk is this 1 Explain the peculiar formation, Does the high
rock at the w]‘ of the picture seem to be made of the same rock throughout *

Flo SHorm I8 AN Inisn Moor, WHERE A Syary Lake Duuum BY
AN UNDERGROUND CHANNEL,

Thaoumuhtheovorﬂowchmd Do these cracks in the mud at all

em'm with the columpar structare in the Giants'
ture gorge in the foreground resemble the cai
Kwodmﬂﬁmmbomnwoﬂ:indlthmm?

Cuuown‘y ¥ Doen
1

COMPARATIVE GEOGRAPHY

definite division between the two classes. Great flows of
lava which coxer large areas have a tendency to cool
down into six-sided columns. This natural result of
contraction is well illustrated by the roughly six-sided
marks which can often be seen on a dried niud surface.

The proportion of the earth’s surface affected by
voleanic disturbance is not great.” The chief lines of
weakness, where the cracked condition of the exust enables :
water to percolate down and so cause the chemical
changes which result in the great volcanie explosions, are
generally to be found where great heights and depths are
close together ; as, for example, in Japan and along | the
Andes. Hardly any large voleano is found far from ‘the
sea. Volcanoes are either frequently active, as Vesuvius,
where the force of the imprisoned steam iz not strong
enough to cause great destruction, and lava flows are
common ; or else are apparently dormant, but sometimes,
when the pent-up gases beneath have been accumulating
energy for a long period, go off with appalling violence,
as in the case of Mt. Pelée in Martinique. The entire top
is then blown off, deadly heavy gases are emanated,

ol fale

{Underwood & Uum m MNu York.
Fro. 4.—Coorep Lava ar T Foor or VEsuvius.

Tmmhel&nyh P! hondd“hmmm asi o
we out from the crater and own and cooled in
the peculiar form here seen. Would luv.hlryndhﬂ Notice
the railway going up the cone. What does Mmuhmm
of the volcano 1 See view of Vesuvius Mkaplsonpm'lo. Y B

pumwe-stone, mth 1ts evidence of steam wtion, is mtr
tered around, and volcanic dust covers vast aress, Lava
ia usuully absent,



[Undarwood & Underwood, L ondon and New York.

From Steresgraph Gopyright)

Fia. 6.—~Voroaxic ErverioNn v toE Wesr INDies.
Moxt Perfe.

The photograph was taken some time after the first great eruption. The
\\‘Lllll' mountain side is covered with hot voleanic ash. The dark eloud
in the centre is composed of voleanie dust and ash, and various hot gases.
Locate theé island of Martinique, upon which Mont Pelée stands, and give
its latitude (see plate 68),

W‘

From Stereograph Copyright) [Underwood & Underwood, Londow and New York, .
i o Fi16. 6.—Tre Towx or 81, Prerre ar tae Foor or

Moxt Perée,

30,000 gpeople were killed by the deadly gas from the mountain. In the
fo und can be seen the results of the heat, and wind, and showers of
débris upon vegetation ; in the background remains of streets and houses,

NSOV NI P R
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A third form of such energy is when a fissure eruption
takes place. That is, the pent-up energy finds its relief
not through a single crater, but along a crack in the
surface. !

Great tracts of land are then covered with lava which
has welled up slowly from beneath. The results upon the
landscape are remarkable (see Fig. 2).

The effects of previous volcanic energy are well

shown by the resultant rocks. "The ashes become

consolidated into coarse gritty rocks called tufl.
The pumice-stone, after long floating on the ocean, at
length sinks and forms a peculiar ocean deposit, which
after millions of years may become a land surface. The
great lava flows form columnar basalts ; the smaller
volcanic flows and dykes often stand up as great ridges
and cliffs, while the softer materials around them have
been removed by denudation.

Copyright) (R, Welch, Belfast,

e, 7.—lassouvs Dyge oN THE CoAST OF ANTRIM.

A hard band of igneous rock has penetrated the sedimentary beds, and being
harder has better withstood the action of the waves, and 8o stands out like
n natural breakwater.

mw'a.\\\\m\\
Neck
Fio. 8.—8rorion or A VoLoaxo,

A A =~ Old Land Surface, BB =~ Sedimentary Rocks, Thoe dark lines in the
cono represent lava flows, Of what materials would the cone above the
line A A be composed ?  Can you see a ' fault ” ¢ Do you notice any

attempts of the molten ‘inaterial from the Neck to escape otherwise than
. by the majn Crater ¢ A

o

]
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Sedimentary Rocks—Land
Forms.

But what would have happened to all the rock

waste ? A muddy stream in a gutter, a yellow

river in flood, are found to be carrying away
numberless particles on their downward course Lo the
gea. In rapid mountain streams it is often possible after
heavy rains to hear great boulders rolling along their
rocky beds. In these grinding mills the softer parts of
the rocks are reduced to fine powder, the harder parts
become sand more or less coarse according to’circum-
gtances. Where the river meets the  comparatively
motionless mass of sea water, the heavier particles sink
almost at onte and help to form the sand of the shore,
while the lighter ones are carried farther out to kea.
Actual experiment, by dredging, shows that the sand of
the tea-bed gets finer and finer as the coast is left behind.
The sediment in seas or lakes would thus have been finely
graded and sorted. In course of time these deposits
would have become thicker and thicker: the weight
above them gradually making them more and more solid,
until at length they would have been transformed into
hard rocks.  Hence, then, the bedded clays and sand-
stones of the earth’s surface can be accounted for. But
how can these be brought above the water-surface ¢ The
gradual cooling of the earth, and the contraction caused
by it, would naturally have made the outside crust too
large for the part enclosed ; and a slow readjustment
must have bdcome necessary. Sometimes it would have
eracked, scmetimes have crumpled, sometimes have sunk,
fometimes have risen. Such a process may have been
very gradual [(it is going on still) ; but at any rate it can be
made to (‘2(])iﬂill the fact that sea-shells are found in the
rocks high up among the Himalayas, that mountains
often show extraordinary evidence of crumpling, that old
forests are found beneath the sea, that raised sea beaches .
are common high above the present tide-mark, that rocks
whose beds must have been once horizontal, are often to
be geen with their strata tilted at great angles or even
perpendicular.

Cupyright] [Photochrom Ca., I4d.

Fia, 0. Twistep SrraTa ¥ S8ovrn Dorser.

On the right of the picture can be seen a hard layer of Jurassic rook, much
contorted by earth-olds. This has been pierced by the sea. The bay
has been eaten out of the much softer Wealden rocks, The steep cliff to
the left is of very hard chalk, which offers a good deal more resistance to
the intluence of weéather and sea.

X

The rock is laid down in alternate layers of red and grey.

At about what angle do the beds lie ?

COMPARATIVE GEOGRAPHY . .

Fra. 10.—~Homizonrar UNpISTURBED BEDS IN A SANDSTONE QUARRY.

: ¢ Whigh of these is
obviously the hardest ? Ias this a deep-water deposit or not ¥ = Why is the
rock cracked near the top ?  For what purpose has this quarry been made 7

Fia. 11.—Tiurep STRATA IN A SHALY RoCK.

The photographer was facing north,

the beds are facing west ; was the photograph taken in the morning or
afternoon ?

(k. Welch, Belfast.
16, 12~ VERTIOAL ARRANGEMENT 0F RocK-LAyERS 18 SEDIMENTARY ROCK,

Why is the rock to the left more worn away than that on the right?  Account
or the cavities which look like &-unyu. ) oty ¢ g
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Fra, 18, —Quarry 1N loxeous Rook.

Contrast this with the sandstone quarry above (Fig. 10).

Nearly all rocks then that have not been formed
by fire have been laid down by water action. F10. 14 o-CRySIAREDIN AN AERVRTIEIN S s ;
¥ g ARl aul ety li rARl TS The upper specimen shows a picee of erystalline rock, which has formed in a
As a rule th(l.‘ are the result of a sett Ing process cavity, where each kind of erystal has had room to take its natural shape,
in sea or lake, and are called Aqueous or Sedimentary, as These are either cubie, or six-aided, or in flakes.. The lower specimen 1§ o
4 2 v piece of wandstone which has avidently been formed in the sea. The
opposed to Igneous rocks. It is obvious that these , fossil remains of shells represent the life of the period, They ate in their
aqueous deposits can be of various kinds ; most are the natural positions,
| result of the mechanical carrying away by water or wind of
?" detached particles of the surface——sandstones for instance.
,‘) Some are the result of a chemical action upon water, which
«causes it to deposit some of the matter in solution : mag-
I nesian limestone is a well-known example. Others are
the result of deposits left by animal or plant organisms.
Millions of minute creatures, living in the ocean, leave
| behind them tiny skeletons of lime or silica, which sink to
| . the bottom and form beds of chalk and flint ; the coral
- - . » .
. polyp is responsible for much of our limestone and marble ;
wemains of great forests growing in tropical deltas have
been transformed into beds of coal and carboniferous
shale. The formation of peat at the present day offers
an instance of such a process at work. We can thus get
g 8 tabular statement of various kinds of rocks met with.

Taxeous. SEDIMENTARY, (or AQUEOUS).
A Yoleanic (as Basalt), Mechanical (as Sandstone).
Platonic (as Granite . Organic (as Coral Limestone).
Chemical (as Rock-salt).

When the earth crust is folded, the upper portions of

S Fra. 15 —Bavpgrong-~TipE MARKED. il
th(‘ arched upf‘-’ld’*v called the &ntl(’ll'\t‘b’. often 118.\'(5 a As'the sand gradually dries, after tho tide has retreated, it often takes o cors

tendency to crack and decompose, while the depressions rugated form. - The ahove photograph is of a piece of sandstone, ohvicusly
'Ij l d d b L laid down on a geashore. oIt has preserved t-xucllwlm marks which are o
or synclines get hardened by compression, and after long characteristie of similar places. : i
.
Ll .
£ !
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denudation (i.e. wearing away) often form the highest
peaks, the Matterhorn being a well-known example,

“In the diagram of an imaginary section of a moun-
tainous country, the lighter lines show the directions

o

Fra. 16,—~ForLp MOUNTAINS.

of the cracking and the position of the beds : the dark
line the actual contour of the country, as the result of
long denudation. Sometimes the great stress upon the
rock-heds may cause fracture and slipping as in the
second diagram,

/////I//////////////////
e 4:”//”

V///////A///////m,.

W//A-—»- -....
22

$ Fi6, 17~A Favvr,

~The actua surface of the ground may show no sign of
what has oceurred beneath. A careful examination of
the rock-beds would reveal that at the point of fracture
the ‘beds do| not correspond : and here the geological
eyox would discover the ** Fault.”
. Some 0? es' the upstanding edge remains in the land-
senpe, often fhe scratched surface, caused by the slipping,
muy be seen, as below.

A Pnoaassslvs oounse OF oomwwﬂv: asoewuv

Thougkl it is usually possxble to ldenhfy toughly i
at sight in what class any given rock may be 7/

placed, sometimes great doubts arise. The gradual
ohdnge from true Voleanic rocks to Plutonic obvxously
causes difficulties. By careful microscopic ingestigation -«
of rock slices, the amount and kind of crystallisation can
be determined ; and as each mineral has its peculiar kind
of crystal or co]our or refraction, a correct analysis can
often be made.

In most sedimentary rocks remains ofsorganisms can
be found : some are the same as plants or animals of the
present day ; some differ slightly from living species ;
some are entirely different, and represent a more rudi-
mentary form of life. By careful comparison of fossil
specimens, it has been possible to determine to what age
of the earth’s history various rocks belong. The gradual
evolution of the different forms of animal and plant life |
can thus be traced far back, for millions of years. .

As the results of such “ Stratigraphical ” geology, the
rocks have been divided into these great systems, the
oldest being at the bottom.

EXPLANATION OF

TeRMS. SysreMms, InsTANOES AND NOTES.

The fourth, reckon-|QUATERNARY. K Dungeness and the Fens:

ing from Archaean. | quite recent.
The third, reckoning | TERTIARY, The London and Hamp-

from Archaean. shire basins.
Middle Life. Masozorc. :\

Chalky. Cretaceous. |The chalk of the Downs ;

| and the Weald of Sussex. v

As found in Jura Jurassic. | Well seen at Weymouth, .
Mountains. | the Cotswolds, and

| Whitby. Birds first
‘5 found.

Found 'in three| Triassic, or 1The great central plain of
divisions in Ger- New Red| England. The first.
many. Sandstone. 3 mammals,

0Old Life. Pavarozorc.
Named from Perm, | Permian., Often a red pudding-stone.

The Magnesian Lime-
stone of Yorkshire.

|
in Russia. | :
{
‘All the great coalfields.

Carbonifer-
ous.

Coal-bearing.

Red ' Herefordshire and Deyon.

Old
Sandstone |
or Devonian. | ;
From the name| Silurian. IIn Shropshire ‘and Mld-

of an  Ancient | Wales. The first fish. '
British tribe on i ¥ b
Welsh borders, ; i
Chiefly found in
Wales.
Ancient (before life
began),

Cambrian. | In North-West Walea

ARCHAEAN,

Ilnu:e&:catuhmgm. P
{ B ¥k ;

The oldest rock is generally the havdest bnb ’fmﬂy
recent limestones and grits are often of grenc ‘hardness
TheTertl::dyrockamgenetﬂlyumtyoralahy,M 3
seldom h enoughforbtﬁldingmrpouu The ancie:
rocks are. ottmmmdenu(}wgdw ‘ ve
to rugged scenery (as in Wales, t
Sootlmd),ﬂmmoremmtm
mmsuitqb‘ofor
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- PART I

Denudation, Erosion, Ice
Action.

Rain falling upon the dry igneous surfaces would

form streams or collect in hollows and make

lakes ; in most cases such lakes would overflow
and send out a fresh river towards the sea. Those which,
owing to evaporation, were unable to overflow their
basins, would gradually have collected salts washed down
by the feeding®*streams, and have become salt lakes ; the
others would have remained fresh and sent on the salts
in solution to the ocean, which in process of time would
have become more and more saline. In some parts of
the world snow and ice would have taken the place of
rain. Wherever the snow-fall was too great for the sun
to melt in the course of the year, great accumulations
would have gradually been piled up. The result of such
conditions can be well seen in Greenland, where the snows
of hundreds of years become solidified by their own
weight and cover the land with several hundred feet of
ice. This great ice cap, however, is gradually slipping

From Stereograph Copyright| [Underwood & Underwood, London and New York.

FPre. 10.—JToesenas oFF Bawriy Laxp.

Notice the difference between the floe-ice, formed in the surface of the sea,
which dees not asarule get more than 15 feet thick, and the great floating
jeeberg, which has been formed on land, a broken-off portion of an ice-cap.
166 is only #lightly lighter than water. Would you expect more of the
iceberg to be submerged than the visible portion? Notice the typical
wooden whaling ships, rigged for sailing, with auxiliary steam power, It

| ) was in a vessel constructed somewhat after this manner that Captain Scott

o sailed to the Antarctie {see map at end of this part).

. down on,all sides towards the sea, where it breaks off into
. large icebergs.

PRINCIPLES OF GEOGRAPHY ‘ e

Copyrail; o [Mrs, A Le Blond.

Fia. 20.~Swiss (GLACIER,
Notice the snow-field above, the collecting ground for the glacier, The curved
cracks in the ico surface indicate its motion. What is the cause of the
black line of stones down the middle ¥

L' notoenrom Uy sl
Fig. 21.—A SupmereeDd VALLEY.

Copyrgnt)

What results of stream-action do you seo ? Do you see any signs of eultiva-
tion ' Why is there a green strip near the water ¢+ Do you see anything
like a delta ? This inlet is marked on plate 32, near Cotinje; give the ap-
proximate latitude, y

i

Copyright}
Fra, 22.—Coasy LiNg peiNa BATEN INTO BY THE Bea, opp IRELAND.

Notiee the uneven bedding of the fallen piece in the foreground. These lwdl
and gravels were originglly Inid down by a glagier ; they then becarde
hardened, and are now onece more in process of disintegration, i

. "
.




8 A PROGRESSIVE COURSE OF

The results of this action on the rocks beneath can be
well seen near the edges of the smaller glaciers of the Alps.

Their surfaces become rounded and scratched : great
valleys are excavated, and piles of transported stones
are left behind where the ice stream melts. Most cf
the earth’s surface, however, has been exposed to the
action of rain and flowing water. In the course of
millions of years huge valleys would thus have been
formed, and the whole surface altered in a remarkable
degree. The waves dashing against the shores would
also have begun that ,work of destruction which is so
apparent upon the coasts of to-day.

The land surface would also have been liable to the
attacks of frost and wind. Frozen water in cracks often
levers off huge slabs of rock. Its power is manifested by
the bursting of pipes in ‘winter time. After a thaw all
steep earth banks can be seen to have lost much of their
exposed surface. Blown sand also has an extraordinary
power of cutting away rocks, as can be noticed wherever
such surfaces are exposed in desert countries. This power
is used for * frosting ’’ the surface of glass, by causing a
sand blast to be driven against it with high velocity.

The result of all these attacks, combined with the
chemical action of rain water, would gradually have made
a broken-up rock surface suitable for the growth of plants.
These, in turn, would have pushed their roots into the
cracks, have died and formed vegetable mould. Earth-
worms and other creatures would have continued the
work of fertilizing the surface. Such a process can often
be well segn in railway cuttings or quarries, where rock
gradually becomes soil.

The extraordinary power of

|

streams and rivers in

COMPARATIVE GEOGRAPHY

Fia.

28.—FormaTION OF SBoiL FROM ROCK.

What process is here going on ?
to the underlying rock ?
in an inland quarry.
made by the sea ?

Does the soil generally correspond in colour
Is this a sedimentary or igneous rock *  This is
Does the system of cracking suggest how caves are

cutting away rocks by means of the sharp particles held
in suspension, can easily be seen by any observer in a
rainy country. On a flat surface the streams begin by
cutting deep perpendicular-sided ravines, often of a won-

Fig. 24.~Graxp Cafoy or Coronapo Riven.

Horizontal beds of rock being gradually cenuded into valleys. Can you trace the harder bands of reck 1




«derful depth, as in the cafions of Colorado (6,000 fect
«deep). The sides gradually fall in and the valley becomes
more and more open, and, so long as the fall in the river-
course is sufficient to enable the current to carry away the
waste mategial, this process goes on. At last a point is

reached where the process almost ceases, and the river

is said to be graded: it is then generally navigable.
As a rule, however, it happens that the head waters of a

stream remain active, and are continually eating their

way backward into the mountains. Any hard bed of
rock retards the grading process and causes a waterfall.
While in flood a river can often carry huge masses of

[(Photochrom Co., Lid.
WATERFALL,

Copyright]
FiG. £6.—A YORKSHIRE

The upper layers of rock are harder than the lower ones.  The latter get worn
away gradually and henee an overhanging wall is formed., Herethestream
is slowly eating itse way back, A common type of fall,

material in suspension, but as it subsides much of this
matter is deposited along its banks, and forms the flat
rich meadows so common a'ong the lower reaches of
rivers. By a similar process deltas are built out to sea.

A great ice-sheet once extended over the northern

half of North America and Europe. In England
. it came about as far south as Birmingham, and
evidences of its course can be seen in many places. Great
pieces of rock, called Erratic Blocks, are often found far
from their parent rocks and must have been transported
by moving ice : moraines and scratched rocks are common
in Wales,and Scotland. Many of the fiords so common
on the west coasts of all continents between Lat, 40° and

PRINCIPLES OF GEOGRAPHY 9

Copyright]

Fia, 26— Exrario Broexk.”

I'he big slab of detached rock is obviously different from its support. How
could you account for ite position ¢  The limestone upon which it rests
is peculiarly liable to solution by rain-water. Does this account for the

fact that the limestone beneath the slab is higher than its immediate

surroundings ¢

60°, where the snow-fall would be heavy during an ice age,
have been land valleys, probably scooped out by huge
glaciers and then submerged beneath the sea. The bars
of rock across their mouths and their greater depth inside
seem to make it impossible that they should be merely
gsubmerged river valleys.

[n glaciers which terminate on the land, such as those

Fra, 27.81oNE vROM A MORAINE IN BWITZERLAND.

This is n rather soft piece of limestone. It originally fell from a point high
up on a mountain on to a glacier, found its way into a orack, and was pushed
along a bed of hard igneous rock by the slowly moving ice. Are there
any peculiar marks upon the stone to indicate its history *  How does
this stone differ from an ordinary water-worn pebble t Would yon expect
all the stones in a moraine to be thus marked t  If you found u stone,
similar to this, in its natural position among a heap of stones, would you
be satisfied that the country had once been glaciated ?

in the Alps, the great heaps of débris at their base are
called terminal moraines, the lines of stones at their
sides lateral moraines, those caused by two converging
glaciers medial moraines. The photograph of the Swiss
glacier (page 7) indicates clearly their origin.

The French rivers may be quoted as being well graded.
The Nile has almost reached that condition ; a few rock-
ridges, forming cataracts, are still holding out. Such

.




rivers often’ have delta,s at their mouths, or at any ra,te ’

ﬁ&vé a tendency to silt up, owing to their slow currents.
The formation of deltas is due to the river sediment
: nXeetmg ‘the comparatively motionless sea water, and by
falling to the bottom making a bar, which at length forms
~ an island and divides the river into two. A repetition of
£ this process soon multiplies the mfouths. The Mississippi
s thus building new land out to sea at a fast rate. In
. tropical countries the rapid growth of vegetation assists
‘ this operation. The mangrove swamps at the Niger
mouth show the process at work.

Fro, 28.—Miassissierr DEnra,

thel const-line have been before the river began to build out to

{ ! Would you expect it to be easy for a ship to ascend the river from
{ Bhe sea ! Acdount for the position of New Orleans. Is there any town
W08 e, Nile ir) & similar position ¢

Possibly the remarkable rock basins of Finland
(see [Plate 21) and the great lakes.of North
America owe their origin to the scooping power
of ,gl:ea.t ico masses. Otherwise it is difficult to account

P

Y

for ther peculumtws. Ireland a '
may be traced across the contral plain, nﬂ_’w “wjex;y
bably a great moraine left behind by t«he et
ice-sheet.
When rivers have reached a stage at which:bhey deposit
material in their flood-plain, it may be noticed that their
course is winding. The tendency of the current is always
to eat away the bank on the outside of a curve, whilé the
slack water on the inside of éach bend enables ma.tcmals to
settle, and often little beaches are there found. ‘The
result is that the curves are always becomm% more and
more tortuous, until at length the narrow neck of land is.
eaten through, and the river resumes for a time a strdight
course, ol
At 4 in the diagram such a case of a pinched-out bend
is shown. The resulting backwater or lake.is often called

Fre. 29,  River Bexps.

an ux-bow. . In many level fields near a river such curves
can be traced, though in most cases they have been
partially filled up and converted into meadow. i
The river thus has a tendency to swing from side to.
side of its flood-plain, and when at the limit to gnaw at 7
the barriers and gradually extend its field of energy. A
subsiding flooded river naturally drops more material near
its true bed, and thus often builds up banks on either
side, and actually flows above the level of the surrounding
country. Large rivers in this condition, such as the
Mississippi and the Hwang-ho, often break their banks,
form new channels and devastate the surroundmg country, :

W
)

i anrwm m Emctsms oN taE First TeN PacEs.

1. Give, woughly the dimensions of the globe, and the
difference in level between the highest mountain and
the deepest ocean. How many times ‘greater is the
o :v:liiamsm than the heaght of the highest mountain above
el h;w oo’lﬁdynu dmbinguish the various kinds of igneous

uppwmoe? Would you t. voleanie rocks
*slag ™ from f\mmoes,

ch is often to be

bdlu,on«iiwu
wmd.imen rooklhwebeemfonned How
distinguish them fromixnmrooksbythanappeu—

mmﬁmdm torvurdofjhadmniunm
v bring

wvymhr Howdoyoummnt

result of the last great eruption ? WMM the deah}: of
the people in St. Pierre ? Canyouthmkofmyotheriamoul
volcanice eruptions ?
3. Divide igneous rocks into two classes, and sadimen&ary ium
three. Explain exactly the differences between each class.
4. Explain the ing of * Earth-folds,” “ :
Anticlines,” * Faults,” * Tide-marked Sandstone,”” ** A¢ueo
Rocks,” * Moraines,” * Marine Denudation,” and * Del
S‘Mananlu-goduoyofthalmewhhmn imet“-
Map on. Phta 54 ; account for theposiﬁon afﬂuro nd of the

. Draw from memory a section of a

c uvaﬂnwa.themtet , the neck, and th
- 2. Explain the origin of *tufi "
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' Compnratlve Depths and Areas.

Comparatively recent research has enabled maps
ol the ocean beds to be constructed with fair
accuracy for most of their area. A glance at

Plate 1 will show how their deepest parts are frequently

near land, whilst shallow ridges often occur in mid-ocean.
The change of oceanic levels is not so abrupt as on land,

and their floors eonsist of gentle undulations, except where -

some voleanic agency has been at work.

The extent of the sea and its deepest parts are easily
compared with land areas and heights by means of the
diagrams below the map.

Kinds of Islands.

It will be noticed that the distribution of islands in
the oceans is very uneven. While the North Atlantic is
open in its middle portion, the Pacific is studded with
hundreds of points of land. Western Europe and the
north coast of North America are rich in islands, while
Africa and most of South America are without them.
Some islands rize from shallow waters, off great continents,
and by geological and other indications are obviously
remains of a former extension of continental areas.

Others are surrounded by deep sea, and have no rocks
similar to the sedimentary strata of continents, and
generally have animals and plants peculiar to themselves.
They are either volcanic, as the Fiji Group, or are due to
the work of coral-forming organisms. These flourish only
in clear warm seas, and their rock is brought to the
surface by upheaval of the ocean-bed or by the piling
up of fragments by the waves.

Islands can then be conveniently divided into con-
tinental and oceanic types. It can be seen at once, from
the map, that a comparatively small portion of the ocean-
bed is below 16,000 feet, say the height of Mt. Blanc;
that a vast area is hetween 16,000 and 7,000, in fact, more
than half of the entire globe, that round all large land areas
there is a shallow portion of the sea-bed, less than 600
feet deep, after which there is a rather steep descent to
the 7,000-feet line. This shallow part is called often the
continenta! shelf, and includes almost all continental
islands. It is of great use in navigation, as when a
ship is nearing land she can generally get easy soundings
bﬁ' means of a hand-line and lead. If the depth is more
than 600 feet, comparative safety is assured in a storm.

Past Conditions.
From geological evidence it is certain that the
B arrangement of land and water has often been
very different from what it now is : most of the

. rocks on the earth’s land surface are of marine origin,
~and must have been formed beneath salt water. In
comparatively recent times (of course, not in historical
times) the Strait of Gibraltar was closed and the Mediter-

ranean joined to the Red Sea ; the British Isles were part
of the European continent ; the Black and Caspian seas
were united and formed a portion of a great ocean that
ctended east of the Ural Mountains to the Arctic. Most
changes, such as these, however, are generally
with continental areas, and there are reasons
g that the great oceans have roughly occupied

e SAY 3 R W T —
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Present Conditions. gl L et R
What concerns us more closely is the pmpgntioqaiiﬁion-

of the oceans, the causes of their circulation and surface- -
currents, and their influence upon climate and civilisation. 4
(See page 18.) 7 & ;
Changes of Sea Level. i

When a statement is made that in any given

place the coast must have risen owing to such

evidence as that of a raised beach, it must be
understood that such phenomena can be equally well ex-
plained by the theory of a subsidence of ocean level ; the |
compurative results are the same, but it is quite poss.ible
that all tablelands and fold-mountains are not upraised
but are left behind by subsidences of surrounding areas,
owing to earth-contraction. The whole question resolves
itself into the actual perpendicular distance of any surface
from the earth’s centre at any given time. If “up” and
“down » are used simply in their comparative sense for
any given area, the actual question of upheaval or sub-
sidence may be neglected.

Temperature and Saltness.
In general the oceans may be taken to consist of a vast
body of cold water, whose average temperature of about 33°
is quite independent of latitude : its surface layers vary
from 90° down to below freezing point. The difference
in temperature of the surface between winter and summer
in any given spot is never more than about 50°, far less
than in the centres of continents. As a rule, the annual
range is far less; the extremes occur only when there
are alternating cold and warm currents as off the coasts
of Newfoundland or Japan. After about 600 feet in
depth there is usually no seasonal change in the tempera~
ture of sea water. ey
The various parts of the ocean are by no means of the
same saltness, especially as regards the surface layers.
Where there is heavy rainfall, or where many rivers flow
in, the superficial area of the sea becomes noticeably
fresher, as in the Baltic and Black seas. Melting icebergs
have the same effect upon the ocean off Greenland or the
Antarctic continent. The Mediterranean and Red seas,
on the other hand, lose more by evaporation than they
receive from rivers and rainfall, and are salter than the
average. Into them a constant current flows from outside
to make up the deficit.

Ocean Deposits. it
The character of the various deposits on the ocean:
floor has of late years received much attention, and
interesting results have been obtained,
Within a distance of land up to 300 miles, there
generally a considerable growth of terrigenous (i.e
derived from land) deposit, consisting of materia
derived from the shore, Sy
Beyond this limit Pelagic (or deep sea) deposits begin,
These consist chiefly of lime forf}x)led fron;;o‘:&w shells:
of minute organisms which live upon the surface. In
very deep parts, the lime becomes dissolved before
reaching the bottom, and a deposit of Red Clay is foun
consisting largely of dust derived from volcanoes ax
meteorites. In the colder parts of the oceans silic
or flinty deposits take the place of lime; they a
derived in like manger from the remains of
organisms. 3 el




‘Notes and Questions on
Physical Maps.

; The two following maps are drawn on similar
[ A_ projections and on the sagie scale, but different
: centres have been taken, in order to correct the
distortion necessary in this method of map-drawing, and
~ also to show the true relations of the Pacific Ocean.

.

the results attained by ocean soundings, and brings out
 the general arrangement of mountain and plain on the
- land. Some of the chief alluvial valleys have been
| picked out by the letter (4) after them. These consist
.ﬁ - of flat plains of rich soil deposited by great rivers in their
- Jower courses. The most important mountain systems

~ haye been named. A tableland implies a lofty area con-
- sisting of rocks with horizontal bedding, not disturbed by
' earth-folding.

i ~ Plateau is applied rather vaguely to elevated regions

» where the rock-bedding is not necessarily so regular.
- (F) after a name implies that the mountains are the result
~of the crumpling of the earth’s crust owing to side pressure
caused by shrinking.

The sections above the maps should be carefully com-
pared with the maps themselves. Fach given latitude

compared with the colouring of the map.

.

the east of equatorial Africa the words * Rifted

the secti

B bleland ” refer to the remarkable series of rift
valleys which are there found. They are really

«omﬂ by two parallel faults in the surface. ~The region
between Has sunk, or the two regions on either side have

been lifted. The result is long lines of depression. The

. long lakes there found occupy parts of these
curious troughs. The Red Sea fills another, the Jordan
- flows along its northerly extension.

: name Great Southern Ocean is here applied to the
~part of the sea which lies between Lat. 40° and the Ani-
arctic Circle. The sea area south of the Antarctic Circle
is usually called the Antarctic Ocean. This is very
limited in size compared to the other great bodxee of

‘water, and has been left unnamed.
or the .ermgementofmmdlmdronndthqf‘olm

mnﬁngﬁha uuuinthemiddh |
nmon‘bgnd s?mmﬂmonthom

! Wnte d

The physical eglouring on the named map shows clearly -

should be followed, and the actual height or depth of

‘mmgmcuummhotw 30°N. ]

v f.he t‘mountﬁnw :
map ; also the plains, tablelmds, and ice-sheets,
Round ¢ of which ocean should yoir say

6. R the margin
a ring of valonmcmqh? Canyouncoount forthu!h?'

7. What oceans are cut by the meridian of
by the tropic of Capricorn ?. :

8. Wrwedmm. in order of thenrhxghestpmk,t«hewnud!bhe
continents, giving the actual height in each case to the nnarelt v
thousand feet. 4

9. Is there more land north of the equator than sonth Gf :H ;
east, of Greenwwh than west ! ' S

1. Taking the equator.as 25,000 miles, oe.loulabe haw b
B many miles there are in a degree of longitude at the
equator. It is about 9} inches long in the map. wa‘

many miles go to the inch ?

2. Where there is a sudden change from high mountains to
deep ocean, voleanic energy is likely to be great. Earthqunku e
generally are caused by similar conditions. Would you expect ?
earthquakes to be common in England, Japan, the Andes,

Hudson Bay, Russia ?
3. Com Lat. 60° 8. with Lat. 60° N. as to the proportxonato
amount of sea and land through which they pass. &

e

) B Aoeount for the shallow ocean off the mouth of the '
Amazon, and for the lack of volcanic energy in Africa.

2. Is it true to say that more than half of the ocean
area on the globe is more than 12,000 feet deep ? or that most
of-the land surface is over 6,000 feet ?

3. lee S0mE ples of Continental Islands, and of the two
Oceanic Islands. )

va:sno:ws AND Exmncxans "

(Tlo be said or written from the Test Map only.)

lp. Name the continents and oceans by their symbols.
Name the continents in order according to the
eleva ion of their highest
12. Why do the outlines of the continents differ in shape in
these two maps ?
13. What oceans and continents are crossed by Lat. 50°N.
the g‘quator, Lat. 40°8,, Lat. 60°8., by Long. 30°W, and
140°E. ¢
14, If this map is 9} inches from east to west, how many miles
per inch are there, measured along the equator ? i
15. How many thousand feet is the highest mountain above
sea level and the lowest ocean abyss below it ?
16. Which is the lar %est oom'l Has this ocean mu.ny
islands * How are they formed
17, Is there much sea south of the Antarctic Circle? thh
‘continent is most cut off from the sea ?

.

b

4. In the sections given in the first map howm‘ny,

B times is the height ted ? Why is this?

{ 5.Ina from Liverpool, starting northy

ht round the three continents of the Old World,
toomwouldadfuﬂmordur

6. Name the great f mounhm-ysumnofegeh
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asons, Zones, Tides.
. After investigating the causes which have led to
A; the formation of the earth and its surface-features,
7 77 it Is natural to inquire into the conditions neces-
sary for the life of plants and animals. A certain pro-
~ portion of heat and moisture, besides air, is obviously
~ indispensable for any form of life, as we know it. Now,
- these necessities are distributed very unevenly over the

. earth’s surface. * We know that the north of Asia and the
' Antarctic continent are intensely cold, while the equa-
- torial regions are very hot. In some regions there is a
rainfall of 600 inches a year, in others practically none.
Some countries have but slight variation between winter
and summer, others have differences of over 100°. The
relation of the earth to bodies outside itself, especially

~ to the sun and moon, must be determined to account for
the facts.” By measurement and calculation the earth is
found to be much larger than the moon, ard much smaller
than the sun. A football, a grain of No 6 shot, and a
pin’s head represent roughly their relative sizes. If the

- earth were perfectly smooth, without difference of land
and water, and without atmosphere, and if the sun and
moon and earth were stationary, there would be no alter-
nation of day or night or changes of temperature. One
half would be always in sunlight and there would be

Fii. 30.

" nothing to hinder the even mathematical distribution of
heat. Owing to the great distance of the sun the heat
rays may be considered to reach the earth in parallel lines.
Those which strike the surface at right angles are more

. concentrated and give more heat than those which do not.
i - Hence there would be a centre of heat at the middle point
+of the hemisphere facing the sun. A gradual diminution

- of heat would take place as the distance from this centre

~ increased. If the earth is supposed to revolve upon an
- axis at right angles to the line joining the centres of earth

“and sun once in twenty-four hours, this heat-centre would
- revolve round the globe along a line called the equator,
* and we would have parallel zones of heat on either side
‘of this line, diminishing in intensity until the extreme
i@%i:ta of the imaginary axis (the poles) were reached.
‘The diagram of a Perpendicular and Oblique Ray, sup-
‘posed to be cylindrical and cut on the same plane, shows

* the concentration of heat in the case of the

perpendicular
ray, the same amount being distributed over a much
smaller surface than if the ray falls obliquely. The differ-
ence in distance between A4 and B and the sun is so small
as to make no difference. It is but four thousand miles
compared to over ninety million, the total distance of =
earth from sun. These imaginary conditions, however,
do not account for the four seasons, and their variation
north and south of the equator, or the varying length of
the daylight, nor do they enable a definite line to be
drawn between the hot, temperate, and cold zones. If
the earth is supposed to revolve round the sun once in a
year, and to have its axis inclined (i.e., not at right
angles) to the line joining the centres of earth and sun, and
yet always pointing in the same direction in space, these
differences can be accounted for. The angle made is
about 661°,
The diagrams show clearly the results. It will be seen
that the perpendicular rays of the sun reach a certain
distance north or south of the equator ; the limits (at D
and B) being reached in midsummer in either hemisphere
(June 21 and December 21), a time which corresponds to
midwinter in the opposite hemisphere. ghave- |
At these turning points (or Tropics) definite lines can
be drawn. Between them we have the torrid zone. b
It will be noticed also that for six months alternately
cither pole is in continuous daylight, the change from
darkness to light taking place when the sun is immediately

Fig. 82,

The imaginary plane, in which lies
the straight line joining the
centres of the earth and sun, is
enlled the *“ Plane of the
Ecliptie.”  When the moon is
in this plane, eclipses are pos-
sible, hy

7 T UL —




; Wer the equator when day and night throughout the
mrld are equal (twelve hours each). This takes place on
‘March 21 and %pt@m})er 22 (the Equinoxes), when the
earth is at X and Z. The variation of the comparative
 dength of day and night at different seasons of the year
is slight near the equator, great as the poles are ap-
proached. There must be a point fairly near to either
pole where there is daylight for one day in the year for
‘twenty-four hours exactly (at A and C): here a line is
drawn which determines the division between the Tem-
perate and Frigid Zones. The two equinoxes are taken
as the middle days of spring or autumn in either hemi-
sphere. These variations of heat could be counted on
with certainty if the earth’s surface were all of equal
character and quite smooth, and if there were no atmo-
sphere. The movements of the oceans and the air, the

Fia. 34~"Tun Zovgs.”

ansuring the anzular distanse of the Trupmu and Arctic and
from the Bquator is explained later on.

R \@hamazh;;lolt
; Antarotic 0

~the differences caused by the slope and elevation of land,
: mof course prevent any such mathematical regulumy

e QUESTIONS,
il TR wha‘b zones are these latitudes: 70°, 60°, 50° 20°%
2. Whiea ;one has the largest area ?

By observa.mm it has been found that the actual
~ distance of the sun from the earth varies : that is,
the earth does not describe an exact cirole round
sun. It is found to travel in an ellipse (or sort of
). When nearest to the sun, on January 1 (about

thest off, in aphelion (94} million miles). In our
‘summer the earth is actually more than three million
s farther from the sun than in our winter, as our cold
Gormpondn with the position of the earth in
Muonoe of the moon upon the earth, as regards
. my‘be , but its attractive power on the

pmwodlgh:hehntthsthighﬁdesoomapond

both

r ¢ W " g0
A PRDGIIE”IVE oomm.' OF 'COMPAT

i vurymg rea\pts of heat upon land-and-water surfaces, and

D).
‘ﬂl& mﬂﬂon miles off), it is said to be in perihelion ; when

highest or spring t!delmcmud il

is found. {is n.coounted'ﬂm' bythazid&%kit ¢

body of the earth is attracted slightly out of its course
by the double sttractlon of sun and moon, and hat the
water is, as it were, slightly left behind. In any case,
there are high tides twice a day, and not once, at an;
spot, as a result of this double tidal wave, which is always
moving round the earth. The diagrams make the above
facts clear. et

Fig, 85.—Rerarions or 8ux, EarTH, aND MooN 1x Space. |
The black orbit represents the earth's Kearly course round the Sun. The

dotted line represents a cirele with the sun as centre. The tive
distances and sizes ave of nocessity not correct. The moon revolves round
the earth once a month (ubnut). in a plane not quite corresponding with
the “ Plane of the Ecliptic.”

Fig. 36.—Srrixg Tmu. T




If the plane ¢
B withs!mt of the earth’s orbit (called the plane of the
- eeliptic), would there be a lunar eclipse once a month ?

i 2. The moon shines entirely by light reflected from the sun.
At what peint (a, b, ¢, or d) in the first diagram would there be
“fullmoon ?* When the moon is at b, would any light be reflected

from it on to the earth ?

3. Supposing that the moon takes about a month to complete
its orbit, for how much of this time would there be moonshine
on earth ?

4. An extra day has to be added to the calendar every fourth
year (usually). What does this imply as to the exact time
(reckoned in days) that the earth takes to complete its orbit ?

5, The earth moves faster along its orbit when in aphelion.
Does this make the length of the day at the south pole longer
or shorter than that at the north pole ¥ 3

This theory of the tides, as roughly stated above,

c is called the Statical theory. Owing to the fact
that the moon is revolving round the earth, the
interval between two high, tides is not exactly 12 hours,
but 12 hours 50 minutes. As the moon takes about
27} days to travel round the earth, and about 294 days
to reach the same relative position with respect to the
sun and earth—because the latter is moving too—and
travels nearly in the same plane as that in which the earth
moves round the sun, the moon is, roughly, in the same
line as the sun and earth twice during this period, and
then the maximum or spring tides are felt. Twice during
this period the moon is pulling at right angles to the sun,
when low or neap tides are the result. Two great tidal
waves then are revolving round the earth, the one beneath
the moon the other on the side opposite to it. When the
sun and moon are not pulling in the same line, the sun’s
influence either retards or accelerates the wave, and actual
high-water would only correspond exactly in theory with
the position of the moon at spring and neap tides. The
varying depths of the oceans, and shapes of coastlines,
cause great differences between the time at which high
tide arrives and the time when in theory it would arrive
at any given place, By noticing the difference between
actual high-water and theoretical high-water, lines can be
drawn upon a map through all places which have high-

 water at the same moment and 8o a co-tidal map ez
of the moon's orbit exactly coincided constructed. :

~ east to south-west,

i

In the British Isles the tide arrives fron,) the west and
circles round both north and south. It enters the seas =
between Great Britain and Ireland, and between' the
British Isles and the continent from two directions.
There is, therefore, a meeting of tides off Belfast and off
the mouth of the Thames ; the tide that comes from the
north down the east coast is really a later wave than the
one that it meets off the Thames. The map here given
makes clear the reasons. The causes of the high tides in
the Bristol Channel and Morecambe Bay are not far to

seek. (A

Pressure, Winds, and Rainfall;,_-
Climatic Maps.

As the earth revolves once each day in an easterly s
direction (opposed to the apparent course of
the sun), the result is that the atmosphere is

heaped up round the equator. Here, then, its pressure

on the surface would be expected to be heavier. However,
the greater heat of the sun near the equator expands the
air and relieves some of the weight. Thus a belt of high
pressure may be placed on either side of the equator north
and south of the tropics. By observation by barometer,
such average results have been determined, as are indi- -
cated by the figures on the map. At sea level the vari-
ation in the height of mercury pressed up by the air

pressure in a vacuum tube varies between 28 and 31

inches. ARG D

There is a natural tendency in the air to equalize the
pressure, and therefore there is always a movement from
high-pressure areas to low-pressure areas, These move-
ments are what we call winds. They vary in force,
according to the greater or less difference in pressure.

From the two high-pressure belts winds naturally blow

both towards the equator and towards the poles. The

former are called Trade Winds, and are very regular
owing to the steadiness of the barometrical averages.

Those blowing towards the poles are more variable,

especially those in the northern hemisphere, where 'ther'\e‘-- /

is much land to vary the conditions, Those in the southern
hemisphere, as they blow chiefly over sea areas, are less
interrupted and generally stronger. They are known
to sailors as the Brave West Winds, or Roaring Forties.
The pressure-belts account for their direction from north
to south, the revolution of the earth from west to east
causes their deflection. Suppose a body of air to be
travelling from the northern high-pressure belt towards
the equator ; it starts with a speed from west to east of
about 800 miles an hour; near the equator a point
the earth’s surface is moving about 1,000 miles an he
from west to east, as the entire circumference there is

25,000 miles, and it has to complete this distance

twenty-four hours. Therefore it loses upon the region

over which it is travelling, and gets a course from north

Winds thus caused are called Nort.

east Trade Winds. Similarly, the South-east Trade

Winds can be accounted for, The winds blowing toward

the poles, for similar reasons, gain on the earth, and b

from the south-west or west. These general ;

are often modified by, the conditions met with at t

g : TR 4 A




‘Water areas take in heat much more slow‘ly than
‘ones, but retain it longer.
over it and makes it lighter, while a cold area has a
tendency to send up the barometer, owing to the increased
. density of the air. Thus a great continent in summer

“draws in winds from surrounding oceans, and sends them
~outwards in the winter. In such cases the winds are
~ealled Monsoons.

s W,
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G. 39.—" Pressure Beurs annp Winp Systeas.”

The dottea ling indicates the extent of the atmosphero very much exaggerated:
.~ The arrow§ indicate the direction of air-currents on ml.oo and in the

.~ Owing to the alteration in the distribution of heat at
- different s¢éasons, the various wind belts do not always
- occupy approximately the same latitudes. They all
have a tentlency to migrate with the sun. Thus in July
- all the belts are at least 10 degrees farther north on the
werage than they are in January (see Plate 4). - A&"'mv
owing to the unequal distribution of land
belt of greut.eat aver

A heated area expands the

‘from the sea or on the leeward side of mountains, there is
: .‘almoit of necessity a dearth of rain. (See upper dmgmm,r)e

o <

how this ‘state of things is not rare.
warm moisture-bearing air that comes ~a hea

ocean generally forms clouds as it ascends, and comes
down again as rain or snow, when the “cooldr .
no longer support it. Winds, therefore, which bl
comparatively warm oceans against mountain slopes

driven upwards, and are forced to part with their moisture
in the form of rain. Where the land is flat or far remo

k- § low-pressure area, as is to be seen on the left oﬂiw,
lower diagram, is called a cyclonic depression, or a cy: i
in weather reports, a high-pressure area an a.ntiey
In the former the air currents have a tendency to cmrcuhte :
in a contrary direction to that of the hands of a clock,
in the latter they go with the clock. South of the
equator the directions are reversed. |

In cyclonic areas the winds are drawn upwards, the air
gets cooled, and rain is likely. In anticyclonic areas the
air is drawn from the cold dry layers above, and gets
warmed as it descends, and so generally picks up moisture
instead of parting with it.

Alterations in pressure, then, are controlled by the
revolution of the earth or by the yarying heat of the sun.
By these variations winds are caused, which in their
turn determine t«he dlstnbut:on of rainfall over the earth’s
surface.

By careful mnts and observation taken over
a course of years & series of statistics can be made of any
country which shows its average climate. .

In the diagram (Fig. 42) of an imaginary land-area, sup-
pose the heavy black dots to be observatories. The top
figures represent the average annual barometer in inches as
determined by a series of observations ; by drawing lines
(Tsobars) through places with the same average pressure,

is consid biy north of the eguator, so

the low pressure ‘“‘% oscil-
htel oh a mtml line some ¢ “north
positmn.

heat (see Plate
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result can easlly be amved'ut. The middle

: ﬁgmves represent average annual temperature. The lines

connecting places with equal temperature are called
Isotherms, Similarly the rainfall is measured and a sys-
tem of Is 8 i8 laid down : the spaces between any two
of such lines can be shaded in to show more clearly the
rainfall areas. The lower figures indicate average annual
rainfall in inches. The Climate Maps of the world given
here are constructed on the same principles. In regions
where observatomes are few, of course the results are not

Fro, 42— Cuovario Mar.”
*
very acceurate, bwtonoughststuﬁos ‘havenow been collected
to make poauble a very fair approximation to the truth.
When it s realised that all natural products (except
minerals) depend upon climate, the m?ortanoe of its

study and of graphic representations of the results of

observations is at once apparent, A

seasons, and also with maps to indicate the arrangement

~of mountain and plain, could deduce almost all its natural -

productions and ﬂ:‘&ombmnes of prosperity. Nearly
all facts connected a country, which apparently seem

isolated and impossible to remember, when viewed in
- connexion with such maps at once follow naturally from
~ underlying causes, and hoome mtgrenﬂng and far easier
to store in the memory

ES,

provided
with such maps of anycountry showing climate at different )

ﬂ:oN

1. Make a traomg of the Weather Chart (of January 9
C  1903) from Plate 12. Instead of the numbers 29, §
29-4, 296, put 302, 30, 20-8 and 29-6
Then put in arrows to show the probable direction of

Would you expect fine or wet weather ?

2. Trace the outline of the coasts as in one of tho Weather
Charts on Plate 12. Put in your own Isobars, aoutoshawl
cyclonic centre over Central France; and put in morw-
dicate the ppobable winds. ¢

Temperature Maps.
The three maps on the opposite page are formed
by plotting in the average results from as many
observations as possible collected fram observa-
tories throughout the world. el
The isotherms represent the average monthly or yearly
temperatures at sea-level. If an observation is taken at
an elevated station, one degree is subtracted for every
300 feet above sea-level. Otherwise it would be impossible
to construct such maps on this scale. Though the
isotherm of 72° runs near Mt. Blanc in summer, the aver-
age July temperature for its summit would not be 72°
but about 20°,
QUESTIONS AND EXERCISES. Vil
1. Where are the coldest regions of the earth in b
January ?
~ 2. Why is Cape Horn nearly 16° warmer in January
than in July ?
3. Write down in order from east to west the isotherms cut
by lat. 60° N. in January. Do the same for July, x
4. In January, north of the equator, the isotherms bend north-
wards over the sea and southwards over the land. In July
they do the opposite. Account for this,
5. What is the difference in degrees between the Jmuary and
July temperatures in the Bay of Biscay, the extreme north of
Siberia (in long. 140° K.), the south end of the Caspian Sea,

 the north island of New Zealand ?

6. What parts of the world have the highest annual average

temperature ? }
1. Most of the hottest area in tho Annual Map is north

B of the equator. Account for this,

2. Account for the fact that both in the January and
July maps igotherm 64° (south of equator) bends northwp.rdn off
the west eoasts of South America and Africa.
3. Write down the difference in degrees between the Jamlu'y
July temperatures of Cape Horn, La Plata estuary, 'l‘n-

‘the east coast of Ausbra.lm (lat. 234° 8.). é
the Annual Map write down from north to south h *4-
order the isotherms cut by the meridian of Greenwich, giving the
approximate latitude of each. Account for the fact that t.lu
values are not evenly balanced on each side of the equator. '.“

5. Is the annual range of temperature midway between Victoria
Nyanza and the Indian Ocean great or small ? How high
wonldaggnhwetogotogethulywengemmdh

6. If Australia was 20 degrees farther south, what would the
average July and January temperatures be of it‘ extreme mﬂh‘
and of its extreme south ?

1. Write down the difference botwem the Jan

- C July temperatures of Borneo, Ioelmd, md de l,

Account for the difference in range.

2. At what height during the hottest month of th wﬂd
the temperature average 32° at the north end of r,
Cc{eHorn,Mndnd Central Arabia, the North Y ;’

Write down the Isotherms cut byl . 20° ladlons ;
140° E. in January and July,mdaocmmtf grnf,
between them.

4. Exphmmemﬂmoeo!wmmdmldocunmm
the annual isotherms.

".2'».4_‘
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 Circulation of the Oceans :
g Effect on Climate.

It may be said generally that owing to the heat

of the sun near the equator the surface layers of

the ocean become lighter and rise. This pro-

cess draws in the colder water from morth and south

along the bottom to fill its place. The hotter ‘surface-

water flows polewards, and, gradually cooling, mingles

eventually with the water there, which is slowly circulating
along the bottom towards the equator. !

The experiment here illustrated shows the process at

work. Swimming-baths are usually heated by a similar

method. The rotation of the earth from west to east

Fro. 48 —4Waren 1y A Taxk 1o snow CIRCULATION.

A. Heated bar of { B. Lump of ice suspended in the water. Why
does the coloused Tiquid from the bottle foi the course indicated by

I At

deflects the air eurrents (as is shown on page 16), and these
help to accentuate the effect of rotation upon the courses
of surface ocean-currents, d

The lowest map on Plate 4 indicates the result.
A comparison of the Isobar and Wind Maps (on Plate 4)
with the ocean currents there shown, will make clear the
~causes of the circling motion of the oceans round com-
~ paratively motionless centres in latitudes 25° north and
south of the equator. The Trade Winds are always
 pushing the surface-waters towards the west; in turn
~ these currents strike against the continents, are deflected
~north and south, md‘&on are pushed eastwards again by
| the prevailing winds, combined with the influence of
 When the warmer surface-water is urged by a steady

~and is drawn by gravity downwards, so that on the
‘western coasts o{ mpe and North A;nengn. the layer

Y
{

uence towards the shore it naturally gets banked up

warmer water i& very much deeper than elsewhere in  are laid down as the result of compa
latitudes. Similarly on the east coast of North

that all the oceanic basins have currents circulating,
north of the equator, in the same direction as the hands
of a wateh, if in the southern hemisphere in the contrary
direction. The result is that in the northern basins
warmer water i taken to the north-west coast§ of North
America and Eurasia, while cold currents are drawn down
their eastern sides. Similarly in the southern area, the
south-east. coasts of South America, South Africa and
Anstralia have warm currents, while their south-west
sides are washed by cold bodies of up-welling water, which
flow northward. i ' e
Besides the general arrangement of great circulating
currents, it will be noticed that there are several other
less important ocean streams, whose direction is not so
readily accounted for. The counter-equatorial currents,
for instance, are explained by the fact that in the com-
paratively windless region near the equator there is no
strong influence to urge the surface-water to the west, and |
it is therefore drawn to the east to compensate the loss
of surface-water which forms the north and south equa-
torial currents, just as in a river a strong up-stream eddy
is often found on each side of a rapid, near the bank.

. In the Indian Ocean, while the north-east monsoons

(i.e. October to April) are blowing, the currents are normal,
during the south-west monsoons (i.e., April to October)
the cireulation is reversed.

Influence on Climate and Civilisation.

The enormous effects of the oceans upon climate and
the course of civilisation are obvious. Their uniform
surface enables the great wind systems to be normally
developed over most of the world, and so the temperature
of the air is preserved from great extremes. The circula-~
tion of their waters brings warmth to the coasts of British
Columbia and Western Europe, while cool currents from
the poles moderate the heat of the tropics. They are the
great reservoir from which practically all the rainfall of
the earth is derived, upon the distribution of which depend
all forms of life. The development of ocean-going
steamers has caused them to become the chief means of
uniting civilised communities, just as they kept separate
the nations of the past. It is cheaper to send a ton of
coal from Cardiff to New Zealand than to a town in
central France. The laying of cables has proved also
that the oceans are a help rather than a hindrance to tele-
graphic communication. \!

Isobars and Winds.

The two togl maps on fhte 4 are to show the
general conditions at the two opposite seasons
of the year thro tth‘e.wox‘g The Isobars
ble statistics. Of course their values are .31
gea-level values, © - i B







masses the top map the gradual lessemng of pressure
“between these belts and the equator can be well seen.

" The low-pressure areas are obvious on the oceans about

latitude 60% north and south. The higher pressure round
‘the North Pole appears best in the January map. The

R sumla.r conditions near the South Pole cannot he seen, as

- the maps do not show the isobars far enough south
- owing to the scantiness of our present knowledge.

The typical monsoons between Asia and the
Pacific are really reproduced on a smaller scale
in the Americas, Africa and Australia.

¢ QUESTIONS AND EXERCISES.

1. Where is the highest pressure area, and where the
A lowest on the two maps ¢ Mention the actual pressures
and the time of year in each case.

2. How do you account for the high pressures over the centres
of North America and Asiaih January, and the low pressures in
July over those same regions ?

3. Latitude 20°N. is well in the middle of the north-east
Trades in January. In July these winds are mostly to the south
of it. Why is this ? How does lat. 20° 8. stand with regard
to the south-east Trades in January and July ?

4. The winds blow from land to sea in India during January,
from sea to land in July. Why is this ?

5. At what season does the extreme south-west of Africa and
Australia feel the influence of the prevailing westerlies, and why ?
6. In what wind systems are the following parts of the world :
Madagascar, Ireland, New Zealand, Ceylon, Southern Chile,

Central America, Bast Coast of Australia, New Guinea ?

Ocean Currents.
The lowest of the three maps shows how, generally

i A speaking, the great ocean currents follow the .

wind systems. The reasons for the counter
equatorial currents have been stated on page 18.

QuesTioNs AND ExERCISES.
1. Make a tracing of the Current Map and place it over
A the Wind maps. Notice the general correspondence of
winds and currents. At what season would the mon-
goon drifts be circulating in the direction in which the hands of
a clock move ?
2. Name the chief currents of the Pacific, the North Atlantic,
. and South Atlantic,

1. North Amerioa and Eurasia receive warm currents
on their western shores, cold currents on their eastern.
E The opposite is the case with regard to South America
| and Africa south of moquztor Account for all this.
3. The current is to routh-west Africa, as the Labra-
cuncnthtonorththorthAmm Int.hh true ¢ and
'o, why ?
L the Japan current with the Gulf Strea.m the Brazil
wf“e the current off New South Wales.
% the British Tsles does
true ?

Most of the warm water which
_h'um the Gulf of Moxwo t Is

1. Account for the difference in climate between (a) the

C north and south of Iceland, (b) the Natal coast and the

W mﬁoi(gm Sa:;mé-wm Airica. ()a)LWouvar and
) Trelar

l"l

Trades réich farthest south.

" The distribution of minﬂdl as ‘
can in almost every case be accoun
by the reasons given on page 16. It m
remembered also that winds blowing from cooler to w
regions ‘(as the Trade winds) naturally do not drop Wt
much moisture as winds whick become gradually me?ﬁi
as they travel away from heated arcas. In the eq
regions the great updraught caused by the sun
causes the air currents which reach those lati
ascend and become ceoled : hence the rgunybeh
the equator.

given to the equa.tonal downpours, and Cyo!mwf
Rains ” to those caused by the low-pressure

temperate regions, especxa,lly in winter.

On page 16 the diagram of prevailing winds d!vxded ﬁm
globe into seven belts, the Equatorial Belt, the tw
Trade-wind Belts, the two Belts of Prevalhng Wesﬁm‘ly.
Winds, and the two Polar Areas.

Seven Rainfall Belts correspond. Pl

The Equatorial Rainy Belt caused by oonveotmn, '
two Trade-wind Belts often deficient in rainfall, es
on the eastern sides of continental areas, the two belts
north and south of these with plenteous mnfa.ll on their
western shores and no great lack even inland, and the
two polar areas, where the extreme cold prevents th
air from holding much water vapour. So it is onl mr{ i
their edges that much rain or snow reaches the we :

Seasonal Distribution.
It is generally true to say that the eqm :
regions get rainfall throughout the year.
maximum precipitation, however, ¢ onds

the time when the sun is directly overhead, and therefc

there is a tendency for two rainy seasons and m con

paratively dry seasons to be formed, a state of thing r

and more marked as the distance from the equwm' i

creases within that area. - The inland parts of continent:

areas generally get their most ab nt supply of maiwuxe

in summer, when the winds are drawn in _
In the tempera,te regions the coast districts general

receive most rain from winter storms, but at all times

are well supplied. 2

_As the wind belts migrate north or south aco
the seasons, 80 the influence of the prevai :
winds varies. For example, Cape Town and the souf
west corner of Australia are within thoxrinﬂw vhen

the sun is nearly over the northern t

have only a winter rainfall. Natal and the east

New South Wales, on the other hand, mapiw :

at the ‘opposite time of year, when the




Kﬁinfall and Vegetation.

That the growth of plants is impossible without

warmth and moisture is, of course, obvious,

but' the amount of heat and moisture required
for differsnt species varies. A slight knowledge of the
conditions necessary for the successful production of the
chief vegetable commodities accounts almost at once for
their distribution throughout the globe.

In comparing the Rainfall and Vegetation Maps (on
Plate 5), allowance must be made for the results of
evaporation and elevation. In countries far removed from
the equator less rainfall is of course required to keep the
ground fertile than in the tropics. No dry deserts are to
be found far outside the hot belt.

The barren wastes that surround the North Polar basin
are due to want of heat.rather than to want of rain.

" The different conditions caused by elevation above
sea-level are not likely to be forgotten. In Mexico, for
instance, it is possible to go by train in a single day from
the tropical jungle of the coast upwards through every
kind of vegetation to the snows of the central highland.

In the Vegetation Maps on Plate 5 it will be seen that
the chief products can be arranged roughly by their lati-
tudés. In the north of North America and Eurasia a
great belt of natural forest is to be found wherever enough
rainfall is ensured. The barren grounds of the extreme
north slowly give way to stunted fir woods. These, in
turn, gradually increase in vigour, and become more and
more mixed 'with the various deciduous trees common
in the Brivish Isles.

In the central region of North America the isotherms in
gsummer bend far to the north and make the open grass
plains often suitable for wheat culture. Hence the im-
portance ofithe Canadian north-west. Wherever the
natural northern forest gives w ay in these latitudes wheat
growing becomes important, as in most of Central Europe,
the upper Mississippi basin, Russia and Central Siberia.
- Level treeless plains, of course, make ploughing easy.
- Cold winters help to break up the soil. Wheat requires
- underground moisture and deep mould for its long tap-
‘root.. The hot summers of the continental areas, and the
“longer days of the higher latitudes bring the grain to
early maturity.
en the rainfall is insufficient for wheat growing, or
the chuwter of the surface is unsuitable, sheep and cattle
~ rearing often become the leading pursuits in these lati-
tudes. The countries along the western border of Europe
~are also cattle countries, owing to the fact that the too
. abundant rains of summer are more favourable for the
wth of rich grass than for the ripening of grain.

- Warm, sunny slopes, a dry summer, without extremes
4;3 cold or moisture, are the conditions necessary for

ferparts in Cape Colony and South Australia.
( hat similar conditions are the cause of the great
a oe of ma.im (or Indian-corn) in the Umted States

ﬁuwt will be noticed a va.nety of
\ uire plentiful moisture and heat.
-banton ow

ofvmetnmm

A PROGR!”IVE m OF

pmduo‘aon France, Spain and Italy find their

pical lands, where it is pos-

cal deltas generally the most favourable lbcaht;es, :
Cotton &nduane sugar require very fertile ground and -
a hot sun, but not so much water as rice. Tea
mountain slopes with abundant rainfall and good drainage,
and coffee and cocoa flourish in similar fconditions.
Greater warmth is necessary for their successful pro-
duction, and hence they are generally found on the lower ¢
slopes. (See views in Part 4.) J:
In the equatorial forest regions the great heat and
rainfall cause vegetation to grow so freely that the labour
of clearing often prevents plantations. Hence their chief
commercial products are rubber, oil-nuts and certain
valuable kinds of timber, such as mahogany, none of
which require cultivation.

QUESTIONS AND EXERCISES.
1. Write down the parts of the world where the annual
A rainfall is heaviest, and where least.
2. Why are the arrows near India doubly barbed ?

3. What number of inches does the isohyet between the darkest
blue and the middle blue indicate ¥ what the isohyet between
the light blue and light brown ?

4. Why is Central Asia dry, New Zealand wet, British Columbia
wet, the west coast of North America (south of lat. 40°N.) dry ?

5. Where are the two most extensive tropical forests ? where
the greatest deserts ?

6. Trace the Rainfall Map, shading in with pencil the area
coloured by the blue tints. Place this over the Natural Vegetation
Map. Are all the deserts clear of the pencil shading ? Avre there
any tropieal forests in the unshaded part ? Are there any forest
regions anywhere else, which are in the unshaded parts ?

7. What parts of the world produce the most wheat 7 What
conditions are favourable to its growth ?

8. What are the most important cultivated crops in the
tropics ?

9. Name the most important natural products (other than
minerals) of Africa, North America, South America, Australia,
New Zealand, India and Egypt.

10. What sort of timber would you expect to come from
Central America, what from Canada and the Baltic ?

1. Account for the great desert areas which extend over
B Northern Africa and through Central Asia.
2. Account for the great rainfall of the Amazon
Valley and Borneo.

3. Why is the rainfall within the arctic circle so small, except
in Norway ?

4. Why is the rainfall great at the east end of the Black Sea,
and small in Central Spain ?

5. Western Europe and Western North America (north of
lat. 40° N.) have rainy coasts. Why is this ? Why is the rain
in Europe distributed much farther inland ?

6. Account for the distribution of forests in Australia and
Southern Chile.

7. What are the chief wool-producing countries ?

8. What conditions are favourable to rice and cane-sugar
growing, and what parts of the world produce them best ¥

9. Is there any part of the world where natural products
flourish in spite of scanty rainfall ? Why do some of the rainiest
parts fail to produce crops of commercial value ¢

10. Compare the products of Argentina, South Africa, and
Australia (south of % tropic). Do similar oondinom mu
their resemblance ?

) 1S Aooountforthedryuybmanthowamndduof
continents near the tropics of Cancer and Capricorn.
2. Ccnyoungemymhﬂwdzywdm
extreme east of Africa? o :
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Position on the Globe.

A*model of the earth can be readily made, but it
is not so easy to draw in the outlines of the con-
tinents and to mark each locality in their correct
relative positions. Therefore some method of determining
the position of places on the globe is obviously essential.
On a flat surface such as a square sheet of paper the
position of any point is easily recorded by means of
diyiding the whole into equal squares and by counting
.+ the number of squares between the point and any two
straight lines cutting each other at right angles. Thus,
in the diagram, the point 4 is at a
distance of four squares covnting to
the right from the perpendicular line,
and two counting upwards from the
horizontal. On any sized square divided
in the same way the relative position of
A can be easily determined. On a
globe, however, squares cannot be thus
employed. Some other method must
| be used. If the globe did not revolve evenly upon an
imaginary axis, there would be no points upon it from
which to start ; as it is, the two poles can be marked as
‘definite starting points. Midway between them a circum-
ference can be drawn called the equator. A circum-
ference can be divided into any number of parts, and by
general custom a circle is divided into 360 parts, each
being called a degree.
By joining each of
these 360 points to
the centre, 360 angles
are formed, each one
being called a degree
in angular measure.
From either pole lines
can be drawn to each
of these 360 points
. on the equator, and
. these are called lines

Fia. 44.—PosmioN
or A Pomnr.

™ " of longitude; these o~
. will in reality be ®
1 found to be circles -
passing through the H
semi- Fio. 45— ANguLAR MEASUREMENT,”

circle thus formed
between the poles could be divided into 180 degrees,
and lines drawn through the points thus determined
parallel to the equator. These are called lines of lati-
b tude. (In actual practice a rather different. system has
. to be adopted owing Yo the slight flattening of the earth
~ near either pole.)

In the photograph (Fig 47), the globe is thus divided,
every fifteenth degree of latitude and longitude being

be at once seen that the entire surface is thus
into . Only a system of numbering
required to describe the position on the globe of any
Emm Generally the Observatory at Greenwich
! as ol

: which the starting line of
v T a0, ther e

i

In latitude the equa-
tor is taken as 0°, and
there are then 90° north
and south of it. The
two poles being 90° N.
and S.

Thus 'if we say a
point is 25° E. and 30°
N., we only have to find
the line of long. 25° E..
of the Greenwich longi-
tude and find the line
of lat. 30° N. of the
equator. The point of
intersection is the one ;
required. Any point not exactly on a degree line can be
indicated by sub-dividing each degree into sixty parts
(called minutes) and each minute into sixty parts (called
seconds).

Lines of latitude and longitude are then simply drawn

ol
\
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Ma. 47.-—-“‘?’Auu.:u (Lax.) AND Meripians (Lowa.).”

on mathematical principles for the sake of convenience
if it is required to indicate or record any spot upon the
earth’s surface. All maps are drawn by the aid of such
lines, and all calculations for position are thus made.
The former are often referred to as Parallels, the latter as
Meridians. Why ?
It will be seen at once that while the distance between
degrees of latitude is approximately the same all over the
globe, the distance between degrees of longitude decreases
as the poles are approached, until it becomes nil. Uy N
Thus at the equator a degree of longitude=about 69
miles, at latitude 10° N, or S, about 68 miles, at lat. 20°
about 65, at lat. 30° about 60, at lat. 40° about 53, at
lat. 50° about 44, at lat. 60° about 34, at lat. 70° about
24, at lat. 80° about 12 miles. A degree of latitude
varies between 69 and 70 miles ; it gradually increases in
length from the equator to the poles, as the earth is
a perfect sphere. F e

The slight flattening at either pole causes a
~culty in the drawing of lines of latitude.

the globe were cut in two by a plane
thespoles, the section would not be

B




22

360 angular degrees might be drawn from the centre of
the globe on any plane cutting both poles, and where the
straight lines forming these angles meet the surface of the
globe the lines of latitude could be drawn. The result of
this would be that the distance on the globe between
lines of latitude would become slightly greater as the poles
are approached. In practice the position of places on the
sarth is taken by observation of bodies outside the sphere.
Measurements of the angular height of the sun at noon,
or the angular position of the pole star, which is always
very nearly overhead at the north pole (i.e. the axis of
the earth always points to it), are among the methods
used to determine latitude.

Fia.

48S1TAR GROUPS.

‘The lower groups of stars is known as the ** Great Bear.”” The two * Pointers
Yalways point to the Pole Star. Why does the * Great Bear” seem to
revolve round the Pole Star onoce in 24 hours ¥

A telescope pointed at the pole star from any place
at which it is visible would be parallel to the axis.
The distance of the pole star is so great that the
slight inclination of the telescope towards the axis
may be disregarded. Any point at which the observer
may be seems to him to be the top of the globe ; a spirit-
level would lie on a tangent of the globe at any point.
If the angle made by the line of the telescope and the
line of the spirit-level were taken, it would be found
to be 90° at the north pole, and to be 0° at the equator,
where the two lines would coincide. At a point midway
between them the angle would be 45°: and this is how
latitude is actually determined. At London the angle
would be about 514°. Thus any one by merely looking
at the pole star can approximately tell in what latitude
he is. To determine how far east or west of Greenwich
any point is, the observer notices the exact moment, by a
chronometer set to Greenwich time, at which the sun is
highest in the heavens, that is, the apparent noon. The
difference in time indicates the difference in longitude, for
the 360° of longitude are revolved past the sun once in

A PROGRESSIVE COURSE OF COMPARATIVE GEOGRAPHY
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Fig. 49.—DererMINATION OF LATITUDE BY THE PoLE STAR.

twenty-four hours, and therefore each meridian, or line
of longitude, has apparent noon four minutes later than
the meridian immediately east of it.

The pole star is not exactly on the line of the axis
produced, therefore in very accurate measure-
ments allowance has to be made.

By observations of any fixed star, such as the pole
star, and taking accurate measurements, the actual shape
of the globe has been determined.

Two points of latitude may be determined on the same
meridian, and then an actual measurement by survey
can be made between them, and if the distance is longer
or shorter than it would be if the globe were an exact
sphere, then some deviation from the exact spherical
form can be proved. Thus the flattening of the earth
towards the poles has been determined. Such a process
is called measuring an arc of a meridian.

Map Projections.

A true representation of the earth:can be pro-

duced only upon a model globe. 1If a huge

hollow globe were constructed and the features
of the earth marked on the inside, a spectator in the
centre could get an accurate idea of the relations of
the continents and oceans to each other.

A model globe, however, is not cheap to produce or
convenient to carry about; therefore in practice por-
tions of the globe are represented upon flat maps.
But how are these to be constructed ? If a piece of
transparvent paper is placed over a globe, and an
attempt made to trace in the outline of a continent,
the difficulty of representing a spherical surface upon
a flat one becomes obvious by the crumpling of the
paper. A small area may be traced with some degree
of accuracy, but the larger the size of the paper is
compared to the globe, the greater becomes the
distortion. An atlas consisting of curved plates of
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aluminium, each representing a portion of a huge globe,
has been partially produced in France, but, though
absolutely true to nature, is obviously too cumbrous
and expepsive for general use.

If the ebject is to get a representation of part of the
earth’s surface upon a flat sheet, the first method that
would naturally occur to most would be to portray the
globe as seen from outside. By imagining the spectator at
an infinite distance, half the globe can thus theoretically
be comprehended. A photograph of a globe roughly
gives such ‘a result. Here it is obvious that the parts
near the edge are much distorted. Any measurements
must be wrong; for example, the lines 4 B C and
4 D O, though in reality equal, are far from being so
represented in the photograph.

[ 451
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The general purpose of other methods, which are
arrived at by accurate mathematical calculations or
measurements, can be easily pointed out by some simple
experiments.

Imagine a hollow glass globe with the features marked

upon it in black. Place a brilliant concentrated light '

in the centre, and encircle the sphere with a cylinder of
paper. The features would then be projected as shadows
upon the inside of the cylinder. If these were fixed there
by photography, the cylinder could then be opened out,
and a map of the world produced in one sheet. Here it
is obvious that an enormous exaggeration
of size is found as the poles are ap- 1T
proached. The actual polar areas cannot
be shown at all. Maps on Mercator's |
projection are made by a modification of
this method, and give a most misleading
idea of comparative areas. For instance, \
Africa, which appears on such a map as |||
about equal in size to Greenland, is in I
reality nearly fourteen times larger.

A similar experiment might be carried

-

Fio. 61.—Gross
IN A CyniNper,

~out by placing a hollow cone upon the
- sphere or placing the sphere inside a square box so that
- it touched each of its six sides. The shadows can be

projected as before. The cone could then be opened

as in the diagram (Fig. 53), and the box taken to pieces,

- the entire world would be represented on six
: thm,mmt be used with regard to maps.

~ PRINCIPLES OF
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They are at best a poor attempt to represent realities.
Different projections must be chosen for different pur-
poses. In some maps areas are correct, in others com-
pass bearings, in others the shapes of countries. No
one method of representation on a flat surface is accurate
for all purposes.

In all maps showing a large area, measurements cannot
be made from the scale given, except in certain directions.
The scale is only correct as a rule along the central
parallel or meridian, or if the measurement is made '
from the exact centre of the map,

An attempt to modify this first projection, which

is called Orthographic, is natural. The central

portions might be reduced and the parts round
the edge made larger. By cutting the globe in half and
placing a flat piece of paper (the plane of projection
X Y) across it, from the central point (P) of the surface
of one hemisphere, thus formed, a series of straight
lines can be drawn, through the paper, to any given
points (4, B, (') on the opposite hemisphere. The
points on the paper (a, b, ¢) are then taken to repre-
sent the positions of the actual places (4, B, C) on the
hemisphere. This is called the Stereographic Projection.
Its result, taking Greenwich as the central point of the
hemisphere required, is as follows :—

X i

o
g
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A still further modification of this plan is obtained by
making each area contained between any lines of latitude
and longitude equal to the same contained area on the
earth’s surface. Such a projection would be called an
Equivalent or Equal-area Projection. The shapes and
relative positions of various regions are of course not
accurately shown, (See Fig. 56.) i

Most projections used in atlases are conventional, i.e.
none of the above-mentioned mathematical projections
are adopted, but more or less arbitrary variations of
them to suit the area represented. bl
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Fi16, 56.—HEMISPHERE ON
EQuivALENT PROJECTION.

A very common artifice is to choose the centre point
of the desired area and to plot in all the points of
intersection of meridians and parallels in their proper
bearings, so that all points at the same distance from
the centre lie on the circumference of a circle drawn
from that centre. The polar maps at the end of this
section are so constructed. These are called Azimuthal
Projections (Azimuth=Bearing). By regulating the dis-
tances of the circles it is possible to make each strip
between any two circumferences equal in area to the
corresponding area on the globe. Thus, the map is
equivalent as well as having the bearings correct if
measured from the centre, Distances can, of course,
hardly ever be directly measured according to the scale.

The various modifications of methods of pro-

jéction are, of course, very numerous, and

especially so in the case of the developable
Conical and Cylindrical systems.

The cone may be made to cut the globe on two lines
of latitude instead of touching it at one, as in the left-
hand figure below. Thus at 4 and B latitudes the map
will be exactly accurate, and fairly so between them, or
immediatély to the north of 4 or south of B latitudes.
The shape of the cone and the points of intersection, of
course, can be adapted to the area in question. Again,
two or more cones can be made to touch the sphere at
various latitudes, and a more extended area can thus be
approximately mapped out. In the case of the cylinder,
the points on it can either be determined by direct lines
drawn from the centre (as in the centre figure) or by
joining the points on the sphere to the cylinder by lines

F1a. 87.—CONICAL AND CYLINDRICAL PROJECTIONS.

~ perpendicular to the cylindrical surface (as in the right- a straight line more nearly than the sl
~ hand figure), or by some intermediate method, as in arc of the smaller. On the projection in question all
- Mercator’s, where the degrees of latitude are made to great circles are represented by straight lines, and the

increase proportionately to the exaggeration of the
degrees of  longitude. '
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The figures on the Continents indicate their comparative areas in millions of
square miles. (The projection is equivalent.)

A useful projection, which is mid-way between the
spherical and ecylindrical, is the Homalographic or
Elliptical (as seen on Plate 8), where the lines of latitude
are straight, but the meridians are ellipses, being so
regulated as to ensure equivalent areas. The distortion
is great to the extreme east and west, but it has many
advantages.

In the experiments made with the box, the six maps
of the world, thus produced, have a very useful
characteristic. Any straight line drawn between any
two places represents the shortest possible course be-
tween them. In other projections such a result is
obtained in a very limited number of cases. The nearest
way to connect any two points on a sphere is obviously
to bore a straight line through from one to the other.
The nearest surface course is not so easily obtained. A
simple experiment makes the method clear. Make a
hoop of exactly the same internal circumference as the
largest circumference of a sphere, as in photograph.

Fra. 69,

This can be moved about so as to cover,any two spots,
A and B, chosen on the globe. Asmaller.hoop ooul:ip also
be so placed as to cut the larger at 4 and B, The
shortest distance on the surface of the sphere between
A and B is obtained by following the LI A
curve of the larger hoop, the arc of the , b
larger circle obviously approximating to A




8 are Great Circle maps, and are often useful
. y&ﬁgt ion. This is also called the Gnomonic Pro-
~ jection. On Mercator’s projection (as below) the great
- circle course as drawn between London and San Francisco
s about 5D0 miles shorter than the straight line on the
- map. Few would imagine that the nearest course for a
bird between the two places would be across the southern
point of Greenland, and over the centre of Hudson Bay.
The course that has to be taken by ships, round Cape
~ Horn, now appears even more devious than before.

PP T aE

7
b e b

called

-
° b

4

W W 0 £y “© [
Fra. 61.—-MperoATOR'S PROJECTION.

Surveying and Map-MakKing.
With an instrument to measure angles it is easy
- to represent the relative position of any given
number of points on a greater or smaller scale
as follows :—

F |
Fia. 62.

| Let A, B, C, D, E, F, be any six points,
i Take any two points, ¢ and H, to represent C and F.
If it is required to place four other points in the same
& relative positions to ¢ and H which 4, B, D and I hold
. to C and F, all that need be done is to find the angle
" made at F by C F and F D, and the angle at C made
_ by F € and C D, and to plot in similar angles from ¢
~and H. The point I will be in the same relative posi-
on as D. Similarly, the points J, K, L can be found
Tes) g to A, Band E. In a similar way it would
means of simple apparatus to make an exact
hool-room or ericket ground on any required
¢ surface. A map of a picce of country
ance Survey of the British Isles has been
, principles similar to this, but of course
ements have to be made to

g

find out the relative heights above sea-level of -
selected points. AT
Also, when the position of any point has been found
from two others at a known distance from each other
by angular measurement, its distance can be ascertained
by trigonometry. ;
For instance, 4 is 100 yards from B.
The angle B A C is 45° the angle
A B C is 83°. The line 4 C can be
calculated to equal 125 yards, B €' 90
yards. The trigonometrical survey of
the British Isles was started from
several very carefully measured bases
far apart, and, whenever the systems
of triangles met, the error was found A
to be almost negligible, so accurate had the observations
been. !
Many prominent points have small cairns of stones or
wooden marks placed upon them to enable the surveyors
to get accurate sights from distant points. All over
England are to be found “ Bench Marks,” left by the
surveyors on ascertained points. These consist of a
line and broad arrow, and are common on stone gate-
posts and corners of churches or well-known buildings.
“B.M. 312" on an Ordnance Survey map means that at
that point there is a record to show that it has been
fixed as 312 feet above sea-level.
When a series of points have been fixed, it is easy on
a map to join all points of equal altitude by lines, and so
to construct a contour map. Thus, on the map of an
island given below, 4, B, C and D are on sea-level ; £, F, G
and H are 100 feet above ; J, K and L are 200 ; M, N and 0
are 300. To get:an idea of how the outline of the island
would appear from a boat at the point X, all that is
required is to make a vertical scale on a base A’ ¢’ equal
to A C, and to mark on their appropriate lines the positions
of H, I, M, 0, K and F,and to draw a line through these,
and the desired outline in acquired. This is called
making a section,
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Exerorses. Nk

1. Make a section from B to D ommad'paper. B to

A D being 1} inches, and each hun; feet being repre-
sented by one tenth of an inch vertical. e

2. Draw an i island somewhat similar to the above.
Let the highest point, 610 feet, be somewhere near the centre.
Fill in i contour lines at every 100 feet, in a u
arrangement. ‘draw.s section to scale from east

W



It becomes easy by a little experi-
A ence to picture to oneself the shape
of any given piece of country from

a ‘contoured map.

Below is given a portion of such a map from the
Swiss survey on a scale of 1: 25,000, i.e. one inch
on the map represents 25,000 inches of actual
measurement, or a little less than 700 yards.
Each contour line represents a difference of 10
metres (1 metre = about 39 inches).

The photograph is taken from the point marked
A, looking towards the north-east. Notice that
the map does not run north and south, as is usual.
The thin lines on the map which cross at right
angles give the points of the compass, P being
mearly due north of F. The figures give the
height in metres above sea-level of the nearest
«contour or adjacent point marked by a dot. Each
letter refers to the point near it, marked by a dot,
or by a rectangle if a building. The buildings B,
C, D and § are visible in the photograph, and are
there indicated by the same letters. Woods, roads,
and streams are indicated in the usual way (see
signs for Ordnance maps below). A small tri-

A PROGRESSIVE COURSE OF COMPARATIVE GE
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angle means a trigonometrical station used by the
survey. The irregular black lines starting from
A enclose approximately the ‘amount of country
#hown in the photograph.

QUESTIONS AND EXERCISES.

1. By measuring, the distance from O to
P on the map is found to be 2:5344
¢ inches,  The scale is 1 : 25,000 ; find the
actual distance in miles,

2. The straight lines drawn at right angles to
each other across the map show the points of the
compunss; the point P being nearly due north of #.
What isithe bearing roughly of N from O, of P
from O, :’f A from Kt

3. How many metres is M above E, K, P, N,
I, and Dt Reduce each answer to nearest foot,

4, What is the meaning of the little triangle
south of K ¥

g 5. Plape a piece of transparent paper over the
‘ map, and mark in carefully the dotted contour
lines and the stream courses. Leave the land
below 1,000 metres white, mark with diagonal
lines in pencil the land between 1,000 and 1,100,
put crossed pencil lines between 1,100 and 1,200,
wolid pencil between 1,200 and 1,300, diagonal ink
lines botween 1,300 and 1,400, crossed ink lines
between 1,400 and 1,500, and solid ink over 1,500,
1. Would the point P be visible from A4,
fsom O, from Kt Would 4 be visible
from F, from H, from C ?
s 2. Describe what you would see facing north
et from point (. (Give direction of river, the nature
ki of the banks, any conspicuous objects.)
3. Tf you walked from I to J along the road,
‘would you have to ascend on the whole ! 1If so,
how much ¥ What is the distance, roughly, in

miles ¥ Would it be easy to ride all the way on o
© a bicyele, given good conditions? Would you have
togo down hill anywhere 1
4. Describe the nature of the slopes between ¥ and I. Say

whether a walker would have to descend anywhere if he went
~Mfairly straight. ‘ ;

- 5, How many feet does the stream which joins the river near G,
- have to descend from source to junction ! Is it a swift stream ?
o 1. Looking along the river from E, what features would
™ yousee ! Account for the nature of the stream bed ?
- 2. Make a section on inch paper from F to K, allowing ‘2 of an
inch for each 100 metres for vertical scale. (Measure off the

100 metre ,
the result be roughly true to nature br not ¥

Fio, 67.—~REPRODUCTION MADE WITH THE AUTHORISATION OF THE SWwiss

contours and sketch in the intervening slopes.) Will
In the photograph (taken at noon on Janyary 20) there s gr
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TOPOGRAPHICAL SERVICE.

a stick roughly at right mgleatoﬂnemﬂmo!the»mow}.' : ;
is here nearly level. The angle measured from the end of the

shadow, and subtended by the stick, was 30°48° ; find the latitude

At the vernal oquinox.t.ﬁs‘_ ’ I‘ o o

is between this angle and




PART 1.
Ordnance Maps.

On the parallel column there can be seen a re-
production of a portion of an Ordance map sheet
published by the British Government.

Above it is a photograph taken from the main-road
bridge over the railway near Defford, looking towards
the south-east.

Below the map are some of the most important signs
and methods of decoration used in British Ordnance maps.
These must be studied carefully and compared with the
map.

Survey maps are issued for most parts of the British
Isles on the scales of 1 inch to the mile, 6 inches to the
mile, 25 inches to the mile, and in the case of town plans,
10} feet to the mile.

On what scale is this map ? (The figures 6, 7, and 8
along the main road going through Eckington represent
milestones.)

QUESTIONS AND EXHERCISES.
1. At what intervals are the contour lines ¥ What is
A the difference in feet between the highest and lowest
point on the map ?

2. Name any parks, orchards, antiquities, commons,
kind of trees are there on the glopes of Bredon Hill ?

3. Make a tracing of the map, marking the river and all con-
tours. Leave the ground below 50 feet white, shade in pencil
the area between 50 and 200 feet, mark with diagonal lines in
ink the area between 200 and 600 feet, with crossed ink lines the
area between 600 and 800 feet, in solid ink the area above 800
feet.

4. From the *“ Cross” at Lower
roughly by road to the nearest church, station,
road-bridge over the river ?

5. Describe the railway line from north to south, saying where
there is an embankment, cutting, bridge under or over road or
river, station, up or down gradient. How many parishes does
it run through ?

6. Start north from Eckington Bridge, take first turn to the
right, and cross the river by Nafford Mill, and by the easiest
route make for a point on the eastern margin of map, one mile
south of the north-east corner. Describe what kind of roads
or paths you would go along. (First, second, or third class,
fenced or not.)

What

Strensham, how far is it
telegraph office,

1. Locate this river on the map of England (Plate 16).
B  Eckington is in about lat. 52° 4’ north and long. 2° 7
west. Give the direction of the stream, and say into

what big river it flows.

2. What is the meaning of the peculiarly shaded mark, parallel
with the inside of the river curve, south of the railway bridge over
the Avon ?

3. Go from south to north right along the main road across
the middle of the map through Eckington, and mention in order
any exact indications of level (either bench marks or contours).

4. Draw a section, on inch paper, diagonally across the map
from north-west to south-east corners. Make each 100 ft, = {;th
of an inch, vertical scale. (Use tracing paper over the map and
transfer to the squared paper.)

5. If you rowed up the river, what locks and bridges would
you pass in order ! Could you cover the entire stretch, at the
rate of three miles an hour, under two hours ?

1. On the outside of the river-bends the contours are
near the bank, on the inside much farther away. Can
you account for this ?

2. Draw a section along the southern edge of the map, making
100 feet= ) th of an inch vertically. How many times, roughly,
ig the vertical scale exaggerated 7

3. Describe the view looking from the top of Defford Church
towards Bredon Hill. (Mention whether the churches in the
view have lpu'es or towers, whether the railway is single or double,

‘any bridges which are visible, etc.)
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The Polar Regions.
Even in the present incomplete state of our
knowledge, it is possible to make some useful
comparisons between the north and south polar
areas.

Round the North Pole it is safe to assert that there is
a fairly deep sea, with an area nearly equal to that of
Australia, almost surrounded by the continents of North
America and Eurasia, or the islands which once formed
part of them, now resting on their submerged continental
shelves. It may be regarded as a great gulf of the North
Atlantic, with its entrance partially obstructed by
Greenland. Round the South Pole there is a large land
aren, probably a good deal larger than Australia, sur-
rounded by the great Southern Ocean. While the Arctic
Ocean is covered with floe ice, by no means continuous,
always moving and generally not more than 15 feet in
thickness, with icebergs off the coast of Greenland, the
Antarctic continent is probably covered by a huge mantle
of ice, several thousand feet thick at least in the interior.
This is gradually slipping down and being pushed out to
sea, where it breaks off into huge tabular icebergs, which
drift far northwards towards the equator. In the north
there are three centres of cold, where land areas stretch
far northwards, the pole itself being comparatively
warm, while over the centre of the Antarclic continent
there is probably an area of extraordinary cold.

The seas of both regions are rich in the lower forms of
animal l.%e, and also in various kinds of whales and
seals ; on the land also there are large ‘‘ rookeries ™ of
birds, chipfly guillemots in the north, penguins in the
south. hile bears, foxes, reindeer and the musk-ox
are fairly well distributed in the Arctic regions, the
Antarctic |continent seems destitute of land mammals.

|

Hlstorf of Polar Exploration.

King Alfred the Great records the voyage of

Othere, the Norseman, round the North Cape to

the White Sea  After the discoveries of Columbus

and Vasco da Gama about 1500, the theory of a northern

- sea passage to Eastern Asia ied to a long series of heroic

attempts, which lasted from the time of Cabot in 1497 to

those of Sir John Franklin in 1845 and Baron Norden-

skiold in 1878. The North-West Passage was given up

a8 impracticable after the Franklin disaster; the North-

East Passage was accomplished by Nordenskiold, and
proved to be useless commercially.

From about 1650 to 1850 great activity was shown by

‘whalers in the Arctic seas, but the great scarcity of the

right whale,” :ux:;l t.ht;lfall 13 value of.l‘h animal oils, has

nost put an end to the industry. ese Vo of

ch sp;. however, helped by Government ermom

“

8 both poles, some sent by Governments

en

A PROGRESSIVE COURSE OF COMPARATIVE GEOGRAPH

) relieve ships or to investigate fishery questions,
» a wide extension of our knowledge of the North

;Whawbeenanrieuolfmmupedi- A

but most by private enterprise ; the most noteworthy

oS L e

syt , A
Antarctic continent in 1842, of Nares and Markham north
of Green in 1875, the various expeditions sent out
by the international agreement of 1880, the voyage

~which led to the discovery of Franz Josef Land by

the Austro-Hungarian party under Payer, the remarkable
journey through the Bering Strait by the American de
Long, the relics of whose ship Jeannette were found off
the south-west coast of Greenland. On this fact Nansen’s
theory of the general drift from Asia to Greenland was
based. His specially constructed ship, the Fram, after
being run into the ice near where the Jeannette sank,
three years later broke out to the north of Spitzbergen,
and Nansen, by leaving the ship during its drift, was
enabled to get to within 250 miles of-the pole. His
observations practically proved the existence of a deep
polar sea. Numerous attempts are still being made to
reach the pole via North Greenland or Franz Josef Land.

Dates of Polar Discoveries.

B | C
A.D. A.D,
840, Othere.
1497. Cabot’s voyage. , .(Willoughby and Chan-
: cellor,
! Frobisher.
3 1500 | pgyis,
to <
1650 | Barents,
Hudson,
f Baffin.
j ‘Bering Strait discovered:
1650-1850. Whaling Cruises. ]
| 1806. Scoresby.
| 1827, - Parry.

1842. Ross. i

1845. Franklin.

1859. McClintock.

1872. Payer. ‘

1875. Nares and Markham. I‘

1878. Nordenskiold. |

1881, Jewnnelle sank.

1882. Greely.

1896. Fram returned. :

1894, Jackson,
. Andree,
Peary.

1902. International expedi- At
tions: to the Ant- \ :
aretic. :

oy

QUESTIONS AND EXERCISES.
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diroctim of the ted line lhowmg
g ﬂmiw in the North ﬁ:ntiq
influence does Ve upon mvxg-ﬁou ween
: M?iy he:.hc th
) w e following regions are mountainous
: Alaska, the shores of Huugiuoxgl Bay, the north coast
Asia, Greénland, Tierra del Fuego, Victoria Land, South Africa.
- 3. Write a list of all geographical names in brown and blue, and
give their corresponding symbols in the Test Map.
. 4. Write a list of the various explorers whose names are printed
i in blue in chronological order, adding after each the degree of
¢ hﬁmde reached.

_ 1. Write a list of all geographical names in brown, blue and
c red, with their symbols in the Test Map.

- Si)*\'?anbe da rgst of the e;tplorers whose names are
prmted‘ ' in e an in chronological order, ad after
each the degree of latitude reached. e i

3.14n the Antarctic regions the interior edge of floe ice repre-
sents its summer limits. What is the lowest latitude reached by
winter floe ice in either avea ?

4. Why would you expect, the south pole to be colder than the
north ? Why does the limit of floating ice extend farther from
the south pole than the north ¥ How is its outline determined
by ocean currents !

General Facts on the World
Maps. 2

On the projection used for the Maps of the

World on Plate 8 the comparative areas of the

various continents and countries are truly repre-
sented, though a good deal of distortion of outline occurs
round the edges. It is easy to compare places in similar
latitudes, as the parallels are straight lines.

British possessions are indicated by a pmk tint or are
underlined in red.

The most important political divisions are named,
with their capitals, in most cases. The great rivers and
chief mountain ranges or peaks in each continent; and
the largest areas of inland water, are named. The brown
lines, which indicate the general direction of mountain
ranges, do not at all adequately represent the surface

- characteristics. In Central Asia, for example, the great

~ tableland is not indicated, while some comparatively
unimportant islands are mentioned, as they do not oceur
in subsequent maps in their correct relative positions.

In the Test Map (Plate 9) the numbers for countries
and towns are arranged according to population; for

_ rivers, by length ; for mountains, by height ; for oceans,
by area.

QUESTIONS AND EXERCISES,

iv'Wo&mmmmedmap and repeated or re-written
from the Test Map.)

1. Measure the equator in inches, multi ﬁ.ythemxlt
by the scale below, and reduce to mi Will the
~ result give the circumference of the globe ?

'.Miuehuﬂwmeﬂdxmoﬂ}menmch Is this equal
hal ﬁum:’enoooftheglobe ﬂworkedoutbythelule

 Australia).

'3.Writedawnmorderofﬂmﬂm emﬁam h
oceans cut by the equator, the four lugeotishﬂﬂ! (nqt )

4. Go right round theowtofNorthundBomhAmaimﬁ'm |
San Franeisco (in the dxrecuonmwhxchthebandsaltdook
move), and write a list in order of all named river mouths, parts
of the sea, and capes,

5. Do the same for Eurasia from the Black Sea, for Ah'mt
from Cape Town ? Sl
6. To what nation o nations do the following islands bem
Iceland, Galapagos Islands, Hawaii, Samoan Islands, 'l'onga.
Society Islands, Madagascar, New Guinea, Borneo,

Philippines, Fiji, Gilbert Isles, Falkland Isles.

Write a imt of 1—

7. The chief British possessions in Africa, md of the Brithh
islands off the coast, adding name of chief town in each case, w
named in the map. ‘

8. The seven political divisions of Australasia, with chief tm
in each.

9. The political divisions of Europe, with their capitals. ‘.:"‘/ «
10. The political divisians of North America, with chief towns |
named in each, w,,‘ ﬁ

11. The chief islands in or near the Caribbean Sea.

12. The political divisions of South America, with their ca mlm

13. The political divisions of Africa (other than Brmsh) with
their chief towns, if mentioned. |

14, The political divisions on the mainland of Asia, with
capitals, if mentioned.

15. The islands off the coast of Asia, with towns. Add in each
case to what nation they belong.

16. The chief mountain ranges and peaks mentioned in each
continent, with their height to nearest thousand feot, if given in"
dmg'ram below the map.

1. Write down in order of population the five most
B populous political divisions in the world. How many
times more populous is the United Kingdom than
Belgium, Australia, Natal ?
2. How much more populous is London than Constantmople,
Melbourne, Brisbane t
3. Write down'n list of towns which have a population between
700,000 and 500,000 (i.e., notice the numbers between the
symbola for Liverpool and Melbourne).
4, Taking the population of Berlin to be 2,000,000, Chicago
; 700,000, Moscow 1,200,000, Calcutta 1,100,000, Madﬂd 550,000,
make a diagram, smula.r to the one in the Test Map, to show them i
comparative populations of the cities given. {
5. Represent by straight lines drawn on inch paper the com-
parative lengths of these rivers, allowing {sth of an inch for each
100 miles : Mississippi (4,200), Amazon (4,100), Nile (3,500),
Obi (2,600), Thames (215), Congo (2,900), Rhine (760), Yukon
(2,400), (Do not learn their exact lengths.)

1. Write down in order of length the five longest rivers
C in the world. Why has the Amazon so much greater
a volume than the Nile ? il
2. Using the Test Map, write in order the states given in the
am of Comparative Populations, adding the number of j"
millions in each.
3. From the Test Map, do the same for thd cities given.: . B
4. Do the same for the comparative heights of mounhum
after each the height to the nearest 500 feet.
5. Do the same for the rivers compared by extent of basins.
6. Gnv;T four towns within two degrees of lat. 40° N. Aho iy
for 23}°
7. About what latitude are London, Montreal, Cape ‘I’m
Quito, Mouth of the Amazon, Victoria Nyanza, most northerly
goint of the Antarctic Continent, the North al ,‘\lm-g S;duy
bmgupore Colombo, Hobart, Cape Horn, 'Erhﬂld, t. ‘eters-
urg ? A +h
8. Whututhodiﬂmeemthnobdhween nwich a }
'Ihm. C'olombo. Adahide San Funohoo, mﬂm-‘

-
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the earth ?

2. How could you distinguish the ougm of oarbnm
rocks by loo at them ?

3. Gx{m a.nkzt%ount. of the formation of Sedimentary Rocka
quoting actual examples.

4, How do you account for the different arrangements of
strata in the photo hs on page 4 ?

5. Write a %mgﬁgn of glaciers, of valley forma.tlonz, nnd
of the formation of soil.

6. Explain the origin of various kinds of islands.

7. Explain how the zones are determined.

8. Give the causes of the seasons.

9. Explain, thh a diagram, the main * Pressure Belts and
Wind Systems.”

10. How are weather maps made ?

11. What are the causes of rainfall ?

12. On what principles are lines of latitude and longitude
drawn ?

13. Explain the difficulties of representing large areas of the
earth’s surface on flat maps. How are these difficulties met ?

14. Expla.mhowmpsurveys are made. What are contours ?

15, What differences do you motice in the method of con-
touring on the maps on pages 26 and 277 - 4

1. Deseribe the results of volcamo energy upon the
B earth’s crust.
2. Account for the formatxon of chalk and flints.
3. Write nccounta of “ Erratic Blocks ” and of * Ice-scratched
gtones in moraines.”
4, Draw an imngmary delta, and explain how it may heve
" been formed.
4

B s s

l ‘How can you account fo; the ongina.l formntm bf

Tsles issued. Whatscalewouldbemmmmteﬂ for
: (2) for an estate agent, (3)foratognme’yor /

!Mnkeanenhrgedoopyofmg N
C lowest layer (No. 5) of rock Sﬂurmn ‘the nes

-01d Red Sandstone, and so on in natural order.
it be of any use to bore for coal at the fault ? A

2. Go fully into the probable causes of the igneous dyim in -
Fig. 7. :

3. Give a list in order of the chief geological systems, Qnom
instances of each in the British Isles.

4. In Fig. 16, if the hxghestmoklayerwn(}retwwua. B
next Jurassic, and so on downwards, write a list in order (tmm 3
left to right) of the formations cut by the line which indicates
the land surface.

5. Write an account of the causes of the circulation of wata‘
in the Oceans, of their temperature, saltness and deposits.

6. What do you know of co-tidal maps ?

7. Give anaccount of the rainfall near Cape Town and N sploa,
with reasons for its seasonal distribution.

8. Whatmmeambymeasuringanmofammdwn,md
why ig this done ?

9. Explain Mercator’s Projectign, Gnomonic Pro;ectxom, and
‘Great Circles. i

~ 10. Write an account, with dates, of North Polar explormon,
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. (NotE.—It is recommended to revise Plates 8 and o with

~ Size, Position in the World.
The world-map gives a fair idea of the area of
the British Isles when compared with those of
other countries, though its proper relative posi-

The diagram

tion can be realised only from a globe.
‘below shows how much of Great Britain and Ireland
goes to make up 100,000 square miles, out of a total

area of something over 120,000 square miles. If 100,000
uare miles is taken as a unit, it can easily be com-

UNIT or COUNTRY POPULATION
= 1.000.000 inhabitants.

UNIT or TOWN POPULATION
* 100,000 inhabitants

miles

UNIT or LENGTH

Fra. 71,

I ;mﬂmpumﬁnmmmhmuhwe.
: nmbetof xmlelin&

Term). :
_ | PAGE
Industries and Trade . 42,43
England and Wales, with Map and Test—Facts, Counties :
and Exercises . i ; v g
Channel Isles and Isle of Man . = . 3 y &
Scotland and Ireland, with Maps and Test. Notes on :
Towns i v A 3 46, 47
Import Ch;rt—lmports md Exports : : ) . 48-5
Revision Questions . : : 3 21 g S, o

. . . . .

44-46.
46

the questions on page 20, at the beginning of each term.)

latitude of Great Britain with regard to other parts |
of the world; though the seasonal variations in tem-
perature are very different among places in the same
latitudes. s

In Plate 25 it will be noticed that Glasgow, whose July
temperature varies less than 20° from that of January, is
in the same latitude as Moscow, which has a variation of
over 50° between the cold and hot seasons. The Musco-
vites enjoy several months of skating during the winter,
with the heat of Southern Italy in July. : %

Let us follow the same latitude to the eastern coasts of
Asia and N. America, where there is no warm influence
from the 8.W. advancing over a comparatively warm
ocean, and we find ourselves in the frozen sea of Okhotuk
or off the icebound coast of Labrador,

QUuESTIONS AND EXERCISES,

1. What European cities correspond in latitude to Birm
ham and to Land’s End (two each) ¢ (See Plate 23.)
2. Compare the latitude of the Orkneys with 8. of
of Lorx}c;l;::x8 ;il:,h Sé of hl‘:ndsox;l dﬁ (Soeml;l;lt;le 8.) dacae
3. te 8, what is the distance i nlong 0 )
latitude, from London to the Volga, to Newfoundland 4
line of longitude, to the Equator, to the N. Pole, to the
4. On Plate 8 the comparative areas are fairly correc
Ireland look larger than, about equal to, or smaller than
Ceylon, Borneo ? Compuotheunitofmdmﬂlrlywiﬁf
Guinea, Newf ascar, )
5. Look at the map of thaUnitod States (I’No 43).
notice that of the States are uuit
Would the ofuexhomwnthommhhi}
6. On the map of British North America (Plate
the provinces of the Dominion of Canada appear
the unit of area ? R N
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Following the latitude of Glasgow (56° N.)

through Eurasia, we come to the shores of Lake

Baikal, whose surface is frozen for many winter
months, whilst its summer is hotter than that of Southern
France. If we go west across N. America, the western
coast of British Columbia will be found to correspond
most nearly in climatic conditions, owing to the S.W.
warm drift across the Pacific, which gives that coast an
annual range of 30° only.

QuusTIONS AND EXBERCOISES,

1. Using Plate 3, write down the average July and January
temperatures, roughly, of Glasgow and Lake Baikal, of the N. of
Qaspian Sea and London, of Vancouver Island and the 8. of
Ireland.

2. Explain why the scene below is so different from what can
ugually be seen in the British Isles at the same season.

{Mrs, A. Le Blond.

2.~ WiINTER SOENE IN SWITZERLAND,

Copyright)
Fia,

This view was taken in January near 8t. Moritz (see map on page 67). What
is the latitude ? Notice how the mist rising from the stream has formed
a thick hoarsfrost on the surrounding bushes and trees.  Higher up the
dryness of the stmosphere prevents this effect. The wires are not telegra
wires, but they carry electricity, made by the natural water power of t
country, Nearly every hamlet in Switzerland is thus lighted.

If the same latitude is followed in the southern
hemisphere, Tierra del Fuego is the only land
met with, The oceanic conditions around Cape
Horn bring an annual range of temperature of less than

* 90°.
Glasgow, owing to the proximity of the great Antarctic
- continent, and to the cold current flowing northwards
‘along the west coast of 8. America, its summer heat is
‘about equal to it, because at that time (January) the

amh ilmpenhelion. (See p. 14.)

QUESTIONS AND EXEROISES.

' latitude nnd area. led you expect similar olmutel md
- MR ‘

While its winter temperature is lower than that of

I.Oom the British Isles with the Islands of Japan as to

» World as you can, which
Buﬁlhd:: '@ 2

A moanmvz COURSE OF mmwmq GE(

i Surface Fent res 5
Plates 10 and 11 must here be learnt, tluG’eolomcallmetMath-
) latcr
The surface features of a _country exert so
great 'an influence upon its rainfall, climate
and vegetation that it is of importance to
realise them first.

A careful study of the shading of Plate 10 will reveal
the arrangement of mountain and plain. The symbols
on Plate 11 (P 1, M. 1, etc. will supply a general idea of
the relative heights above sea-level of the various peaks
and groups of mountains and hills, which are arranged in
order of height from Ben Nevis (P 1), with its 4,400 feet,
to the East Anglian Heights (M 37), a gentle rise of a few
hundred feet only in the surface.

AP 8

®

J
9 BSLan

'0,
\ 2 < Hij¥o, ny

73.—~Compararive HE1GaTS oF BrimisH MOUNTAINS,

SEA LEVEL

Fia.

The length and direction of rivers are, of course, largely
determined by the surface features. The first three, by
number, in Plate 10 are arranged in order of length, the
‘;hannon about 250 miles from source to mouth, bemg
the longest in the kingdom.

QUESTIONS AND EXERCISES.

1. Write a list, with symbols from the Test Map, of the parts of
sea, capes, islands, mountains, peaks, rivers, and lakes marked
in brown on the Physical Map. Be ready to repeat from Test
Map.

2. In a coasting voyage from the Forth southward and west-
ward to Land's End, what river mouths would you pass, in
order ?

3. What are the ten highest mountain groups marked on
Plate 10?2 Make a list of them in order of height.

4. Why are the rivers running into the North Sea longer, as a
rule, than those which run westwards ?

5. Mention two rivers which you would expect to have a rapid
course, and two which would probably be navigable for some
distance.

A glance at the comparative depths of the sea
round Great Britain shows at once that these
islands stand upon a great continental shelf.
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The line where the water rapidly gets deeper towards the
Atlantic abyss may well mark the ancient limits of Europe
itself. The result of an imaginary sinking of the sea
600 feet, as indicated in the sketch map, illustrates the
fact clearly.

On the other hand, an imaginary rise of the sea of
600 feet serves well to pick out the hills and mountain
groups of the British Isles, especially so in Ireland.

n Presem coostline
ED Land over BOO feat

Fi1a. 75,~COASTLINE, I¥ THE SpA rose 600 reer,

1. Write a list, with symbols, of the parts of sea, capes, islands,
mountains, peaks, rivers, and lakes marked in brown or blue on
Plate 10. Be ready to repeat from Test Map.

To prove the connexion geologically between
the continent of Furope and the British Isles
is not difficult. There is a distinet similarity
between the rocks of Scotland and Scandinavia, both of
which countries have a deeply fiorded west coast ; due
probably to the same causes. Farther south the trias
of the Central Plain is repeated in Germany, while the

[Photochrom Co., 1td.
Fia. 78.—Bracny Hgap,
Between what two coast towns does it lie 1 Notice

in wearing away the cliffis. What kind of pebbles
be most numerous on the shore ?

“THE BRITISH ISLES

R
- g A

33

chalk of Beachy Head reappears at Dieppe, and the coal-
fields of the Pas-de-Calais have been proved to extend
beneath the downs of Kent.

Fro.

77.—Tue Coauk-Crirrs or Digere.

QUESTIONS AND EXERCISES,

1. Write a list, with symbols, of all the parts of sea, capes,
islands, mountains, peaks, rivers, and lakes named on Plate 10.
Be ready to repeat from Test Map.

2. If you made a deep boring in London, to what new rock
system would you come first ?

3. What similar causes could you give for the formation of the
fiords of Scotland and Norway ?

Geological Structure.

The inset maps on Plates 10 and 11 must here be learnt.

No country in the world has such a variety of

rocks and formations for its size as the British

Isles, and nowhere can the direct influence of
geological causes be more clearly seen. The height of
mountaing, shape of coast-line, bay and headland, the
course of rivers, their rapids and waterfalls—everything,
in fact, that makes up the scenery of a country-—the
direction of road, canal and railway, the fertility of the
soil, the water-supply of country-side, town and city,
and above all, the growth of great manufacturing centres,
all depend largely upon the ways in which the underlying
rocks have been moulded and built up, whose history
through millions of years can often be clearly read upon
a geological map.

In the Inset Structure Map, the letters (in the blank
map) indicate roughly the relative age of the rocks.
Thus A refers to the recently laid down Fen District, where
much of the land is below the level of the rivers, from
whose flood deposits the surface is largely composed.

The London and Hampshire Basins (B 1 and B 2) follow
in order of age, and are composed of alternating clays
and sands and gravels, the first making easy the boring
of London tube railways, the latter two being evident in
the dry and healthy districts near Hampstead, Aldershot
and Bournemouth,
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