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lighting a piece of cloth) so that its movement may be seen. Explain the
prineiple of a lamp; of a fireplace. How is your scheolhouse ventilated?
Does the fresh air come in above or below? Why? (11) Place a brick
and a pan of water (as deep as the thickness of the brick) on a hot stove
or over a Bunsen burner. Carefully weigh each before placing them there:
When the brick has become warm, take the temperature of each ab the
top. At the bottom. Why is one the sane temperature throughouty
the other hot at the bottom and only warm at the top? Which shows the
higher temperature? Why? When cool, weigh them again. as either

lost weichit? Why? (12) Do the same with water and soil, leaving &
g ) g

thermometer in each and recording the changes. In which does the tems
perature rise faster? Which cools faster? (13) Take the temperature
at 6, 8,10, 12, 2, 4, 6, 8, and 10 o’clock for one day. Construct a curyé

similar to Fig. 395, Keep records for a week, and construct curves to sée
if they areall alike. (14) A seasonal curve can also be made, getting the
data from the Annual Report of the United States Weather Bureau, in:
which daily averages are given for many places. (15) Witha bieyele:

pump illustrate the warming of air by compression, and cooling by exs
pansion (p. 241). A little fog can be produced by placing a dish of hot
water where the escaping cool air passes over it. (16) Make observi

tions on condensation, — blowing on a cold window, for example. InS
warm, damp air, watch drops colleet on a glass of ice water. That«the

water does, ot come from within the glass may be proved by placinga
glass, without water, on ice until it is cold, then putting it in the rooms
The same thing may also be shown by putting salt and ice in a bright tin
dipper. The temperature of dew point can be determined by putting &
thermometer in the salt and ice, reading the temperature at the moment
water begins to cloud the surface of the dipper. (17) Study frost: the
time of its coming ; the places where it comes first; and any other facts
you can find out by obsenvation. (18) For afew days observe the clouds
carefully, classifying those you see.

Reference Books.— Davis, Elementary Meteorology, Ginn & Co., Bes-
fon, 1804, 82.70; Warn, Practical Ezercises in Elementary Meleorologlh
Ginn & Co., Boston, 1896, $1.12; Warpo, Madern Meteorology, Serib-
ner’s Sons, New York, 1893, $1.50; Elementary Meteorology, Ameriealt
Book Co., New York, 1896, $1.50 ; Russert, Meleorology, Macmillan &
Co., New York, 1804, $4.00; Tyxpary, The Forms of Water, Appletot &
Co., New York, 1872, $1.50 ; Ilustrative Cloud Forms, U. 8. llydrogmphic
Office; Washington, 1897, $1.00; Annual Reports and Monthly Weaiher
Reviews, U, 8. Weather Burean, Washington ; BARTHOLOMEW, Phys&cﬂf’e
Atlas, Vol. III, Meteorology, Archibald Constable, London, 1899, $1:3.00.
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173. Relation between Winds and Air Pressure. — Winds
are the result of differences in the air pressure, or weight.
It is easier to understand their cause if we consider the
atmosphere to be composed of a great number of air columns
which gravity holds to the earth. If the sun’s heat warms
the air in one place, the columns at that place become lighter
than in places not so warmed (p. 231). Light air is said to
have a low pressure, heavy air a high pressure, because the
heavier the air, the higher it pushes the mercury up in the
tube of the barometer (Appendix G). The air moves, or
flows, from places of high toward places of low pressure, thus
eausing winds. On a larger scale, it is much the same ag
the movement of the cooler and heavier air which erowds up
the warm, lighter air in a lamp (p. 236).

The difference in air pressure which causes winds is often
known as the barometric gradient. 1t is so named because the
air flows from a region of high pressure, or high barometer, to one
of low, as if it were going down a grade, or gradient, as flowing
Water does. It is not to be understood, of course, that there is a
real slope or grade, but merely lighter air in one place than in
another. If the difference in pressure is great, the barometric
gradient is so high that the air moves swiftly, as water flows
down a steep grade. ;

~ Summary. — Winds are due to a flowing of air from regions of
h.rfcwy air, or high pressure, to regions of low pressure ; and the
difference in pressure is known as the barometric gradient.
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174. Sea and Land Breezes. — A simple illustration of
winds is often found along ocean and lake shores on hot
days. On such days the land, and the air over it, become
much warmer than the water (p. 288). Soon the heavier air
from the water flows in as a cool, refreshing sea breeze, push-
ing upward the warm, lighter air that rests on the land.

When the sea breeze begins to blow, the temperature, which
may have risen to 80° or 90°, commences to fall, and the rest of
the day is pleasantly cool. - It is partly because of the cool sea
breezes that so many people go to the seashore to spend their
summer vacations. Along tropical coasts, sea breezes are very
pronounced and of almost daily oceurrence.

At night a land breeze often blows out over the water. The
reason for this is that the land cools by radiation faster than the
water (p. 238), and the cool land air shdes out over the sea, pushs
ing up the warmer air that rests there. Sailboats, becalmed off
shore when the sea breeze dies down, are able to reach port late 1
the evening when the land breeze begins to blow.

Summary. — Sea breezes are caused by cool air from the sea flow-
ing in on ot days and pushing up the warm, light air over the land.
At night, land breezes blow out over the sea from the cooler land.

175. Mountain Valley Breezes.— Winds similar to the land
breezes are noticed at night in hilly and mountainous regions.
As the land cools by radiation, the cool, heavy air slides down
the slopes, cansing winds that often gain great force late at nights
During the day, as the valley sides are warmed, the alr moves up
the valleys; but this movement does not cause winds so strong
as those at night, when the air is flowing down grade and gather-
ing from many tributary valleys into one main valley.

Summary. — At night, cool air slides down valleys, forming winds;
and air passing up the valleys during the day causes lighter breeaess

176. Monsoon Winds. — On some of the continents, there
are changes in wind direction from summer to winter.
These seasonal winds, known as monsoons, are best devel-

. oped in Asia (p. 259).
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In summer the land becomes warmer than the water, and
air, therefore, blows from the Pacific and Indian oceans toward
the warm .int.erim-, forming the summer monsoon. In winter,
when radiation cools the Asiatic highlands, the heavy air

Fia. 405. — The summer (left hand) and winter (right hand) monsoons of India.

moves outward toward the warmer oceans, forming the
winter monsoons. Thus twice each year the winds change.
In Inﬁdia the changes are so regular, and the winds so sten?ly,
that in early times sailing vessels went there in summer and
left in winter, in order to have fair winds both ways.

All continents show some tendency toward the development of
monsoon winds; but in most cases other winds are too well estab-
lished for the monsoons to develop perfectly. For example, the
o : 4 T 5 : e
{’egular winds of northeastern United States are from the west:

it r ar h steadier i inter than i : 0 19,
they are much steadier in winter than in summer (Figs. 409,

:410). _ The reason forthis is that in winter the outflow of cold air
from the land strengthens the west winds, while in summer the

}nﬂow .Of cool air from the ocean weakens them ; but the summer
imflow is not strong enough to completely destroy the west wind
movement and form regular monsoons.

Summary. — Monsoon winds, best developed in Asia, are due to

the inflow of air from the ocean fo the warmer land in swmmer, and

the outflow of air from the cold land in winter.
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177. Wind Systems of the Earth. — Even greater air move- &
ments than those just described are caused by differences in =8
temperature between the warm tropical belt and the cooler S

gzones north and south of it. The winds thus started affect

all zones, all eontinents, =8

and all oceans. -

(A) Comparison with @ %
Stove. —In certain TeS
spects this great circula==

tion may be compared t0

the movements of airina

"':_.,u,[room heated by a stoves

Fra. 406.— A diagram to illustrate the air Tlae air around the stove o
is ‘warmed,and the cooler; =S8

eirenlation of the earth. F is equator.

heavier air in other parts of the room crowds in and pushes
the warm air upward. There is, therefore, (1) a movement
toward the stove; (2) a rising above it; (3) an upper curs
rent away from it; and (4) a settling at a distance from it

Because of the heated belt of the tropical zone there are
similar movements on the earth (Fig. 406). These are (1)@

movement of air along the surface toward the equator; (2)a&=

rising in the torrid zone; (8) an upward movement away
from this zone; and (4) a settling north and south of it.

Summary. — Both in « room heated by a stove, and on the earthy
warmed in the torrid zone, there is @ movement of air toward the
warm place, a vising, an outflow above, and a settling.

(B) Effect of Rotation. — While air currents in a roont

move straight toward the stove, the winds-of the earth are

gradually turned from a straight course by the influence of
the earth’s rotation. Currents of air, like water (p. 19_1),1 3
are turned, or deflected, in the northern hemisphere towamé

the right, in the southern toward the left. This ei’fect--t}.f_,.
rotation is therefore called right-hand deflection in the noTtHES
ern hemisphere, and left-hand deflection in the southern.

Fig, 407.— Isobars (iines of equal pressure) for the world. The dark shading
represents high pressure. The figures (20.85 for example) are inches to
which the mercury in a barometer rises, being highest where the air pressure
is greatest. In the dark zones of high pressure, the horse latitude belt, air is
settling ; it moves thence toward the low pressure belt of the warm torrid
zone, forming the trade winds, and toward the low pressure areas near the
poles, forming the prevailing westerlies.
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Summary. — The effect of the earth’s rotation turis winds toward

the right (right-hand deflection) in the northern hemisphere, and

woward the left (lefi-hand deflection) in the southern.

(C) Belt of Calms. —1In the torrid zone, where the air is
rising, there is little wind, because the air movement is
vertical (Fig. 406) instead of horizontal. This is a region
of baffling calms, sometimes called the doldrums, sometimes
the belt of calms (Figs. 408-410). This belt does not remain
stationary, but, as the belt of greatest heat changes position
with the season (Figs. 439, 440), migrates northward and
southward.

Summary. — Where the air is vising, in the torrid zone, there is a
region of calms which changes position with the season.

(D) Trade Winds. — The air currents that move toward
the belt of calms, known as the trade winds (Figs. 406, 408—
410), blow with great steadiness, especially over the ocean.
Indeed, islands in the trade-wind belts commonly have steep,
wave-cut cliffs on the windward side, against which the surf
I8 ever beating. Instead of blowing directly from the north

in the northern hemisphere, and from the south in the south-

om, the trades are deflected by the influence of rotation,
becoming northeast winds in the northern hemisphere and
Southeast in the southern. These are, therefore, called the
northeast trades and southeast trades respectivel ¥

As the belt of calms migrates northward and southward
each season, the trade winds also change position, being
farther north in summer than in winter. For this reason,
places near the border of the trade-wind and calm belts have

alternate seasons of calms and trade winds (Figs. 439, 440).

The reason why the monsoons are best developed in Asia
(P- 256) is the nearness of the belt of calms. The winter out-
flow of cold air strengthens the northeast trades; but in summer,
When the belt of calms has migrated northward to the land, the
Southeast trades extend across the equator to the land. That is,
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in summer the land is so warm that, in this region, the southeast
trades are strengthened and the northeast trades destroyed.

Summary. — The steady movement of air toward the torrid zone
forms the trade winds, which, deflected by rotation, blow from the
northeast in the northern hemisphere and the southeast in the south-
ern.  These belts migrate northward in swmmer, southward in winter,

(E) Antitrades. — The air-that rises in the belt of calms
flows northward and southward, high above the earth (Fig.
406). Turned by the influence of rotation, these upper eur=
rents, or antitrades, move from the southwest in the northern
hemisphere and from the northwest in the southern hemi-
sphere ; that is, opposite in direction to the lower trade winds.
The movement of higher clouds, and of ash erupted from val-
eanoes, proves this. Onhigh peaks which rise above the trade
winds, as in the Hawaiian Islands, the antitrades may be felt.

Summary. — The outflow of air that rises in the belt of colimns 18
known as the antitrades, which blow above the trades.

(FY Prevailing Westerlies.
—On its way toward the
poles some of the upper air
settles to the surface, bub
much continues on to high
latitudes. There is, there-
fore, a movement of air from
a broad belt in the torrid zone
toward the small area around
each pole. It may be com=
0 6 ; ~ pared to the movement of
Fuo, 1ol craltion of 8% oer yard the small ot
hemisphere. Trade = trade-wind of a -wash basin. In 18
lr"w;'t’ if’. L h”."s‘" ; }.“,timdes‘ attempt to reach this outlet
(.- W. = circumpolar whirl. :
the water commences to whirl
about it ; and, in a similar way, the air forms a whirl about
each pole known as the eircumpolar whirl (Fig. 411).

| ——

b n o
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The direction that this whirl of air takes is determined by
the influence of rotation ; that is, the air currents are turned
toward the right in the northern hemisphere and toward the
left in the southern. This causes winds from a westerly diree-
tion in each hemisphere. Therefore these wind belts are called
the prevailing westerlies (Figs. 406,408-411). They cover the
greater part of the two temperate and the two frigid zones.

These winds, as well as the others, are interfered with by various
eauses. Forexample, they are often strongest during the day, be-
cause of differences in pressure, caused by the warmth of the sun.
When the sun sets the wind often dies down. Storms, sea breezes,
and the effects of topography, such as the influence of valleys, also

Anterfere with the foree and direction of the winds.

Winds are commonly less steady and strong on land than on
water. The reason for this is that the roughness of the land, and
its differences in temperature, interfere with their movement.
Since in the southern hemisphere there is so little land to inter-
fere with the regular winds, the prevailing westerlies are better
developed there than in the northern hemisphere (Figs. 408-411).
Indeed, in the great Southern Ocean, a vessel can sail eastward
around the earth with prevailing fair winds,

There is so much land in the northern hemisphere that the
westerlies are greatly interfered with; but high in the air, above
the influence of the surface, they blow with great strength and
Steadiness, Any one can prove this for himgelf by watching the
upper clouds and noticing how uniformly they move eastward,
even when the wind at the surface is from the opposite direction.

Summary. — Some of the air of the antitrades continues on, form-
ing the circumpolar whirls,  Turned by the influence of votation, these
Winds blow from westerly directions in both hemispheres, forming the
Prevailing westerlies.  They are better developed over the Southern
Ocean, and high in the air, than at the surface of the northern hemi-
S?Jf"@;e, where they are interfered with by irregular land and by local
winds.

) ) :
(&) Horse Latitudes. — Between the trades and westerlies,
n each hemisphere, there is a belt known as the horse latitudes,
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in which the air of the antitrades is steadily settling (Figs. 406,
407). PSince the air movement is vertical, this is a belt of
relative calm, with irregular, unsteady winds, quite in contrast
to the steady trades on one side and west winds on the other
(Figs. 408-410). As the belt of calms and the trade-wind
belts migrate northward and southward with the seasons
(p. 259), the horse latitude belts also shift.

Summary. — The horse latitudes are belts (one in each hemisphere)
of relative calm, where the air of the antitrades is settling.

STORMS.1
178. Cyclonic Storms. — (A ) Characteristics. — The United

States weather map (Fig. 413) shows an area where the air
g

pressure is light. It is, therefore, called a low pressure area,
or a Low (p. 255). Around this center of low pressure the
mercury in the barometer stands higher, and this fact is indi-
cated by lines of equal pressure, or 4sobars.  Air is moving
CIRRUS CLOUD.S b
CLEAR
-v -

2
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HEAVY BTRATUS CLOUDS DIRECTION

OF MOVEMENT

Fic. 412. —Diagram showing theoretical movement of air (hy arrows), and ofher

conditions, in a low pressure or cyelonie storm area. Deseribe this diagram.
from all directions toward the low pressure area. Next day
(Fig. 414) the Low has moved eastward ; but winds still blow
toward it, and around its center rain falls. This area of low
pressure is known as a eyelonic storm. The following day the
storm has moved still farther east (Fig. 415), and, if we
should continune to follow it, we could trace it out into the
Atlantie, and possibly even across northern Europe into Asia.

Summary. — A eyclonic storm is an area of low air pressure
toward which winds blow from all divections, and in which rain falls:
Suel storms move eastward.

1 8ee also Appendix H, and pp. 289-203.
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1. 415, — Chart to show weather conditions, January 7, 1893. Isobars, heavy
lines; isotherms dotted ; wind’s direction indicated by arrows; areas of rain
shaded. Compare with Figs. 414 and 415.

Fre. 414, — Weather map for next day, January 8, 1893. Path pursued by storm
center indicated by ¢hain of arrows.
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Fig. 415, — Same storm as Figs. 413 and 414, showing its position on January 9%
1893, Trace the changes for these three days.

TG, 416. — Paths followed by a number of low pressure areas during the month
of November, 1891. The three in the ocean are hurricanes.
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(B) Anticyclones. — West of the eyclonic storm (Fig. 414)

is an area of high pressure (marked High), from which winds
CIRRUS CLOUBB

ARTL 7
BARTLY CLOUDY.

]

ot REGTIgI

OF MOVEMENT

Fig. 417. —Diagram showing theoretical cireulation (by arrows), and other coti-
ditions, in a high pressure, or anticyclonie, area. Describe this diagram.

blow outward in all directions, while the sky is clear and
no rain falls. Such a high pressure area is often called an
antieyclone, because in it conditions are the reverse of those
in cyclones. Anticyclones move eastward as eyclonic storms
do, even crossin g the Atlantie.

Summary. — Anticyclones are areas of high pressure with outward
blowing winds and clear sky. They also move eastward.

(C) Succession of Cyclones and Anticyclones. — Almost
every weather map e !

shows similar areas S merne
of high and low
pressure (see Figs.
448-453). Atinter-
vals of from three
toseven days, places
I northern United
States are liable to Z, .
be visited, in fairly -
W . ¢ Fia. 418. —Diagram showing change of pressure for

Peglllar sluecession, seven successive days at Ithaca, N.Y. Figuves
by two low pressure iu vertical column indicate inches and :c?lzllis of

: s - inches of mercury in the barometer. The two
areas with a hlg‘h drops in the curve were caused by the passage of
between (Fig. 418). two low pressure areas. ;
r = F, = &
The passage of these areas is readily observed by watching
the rising and falling of the barometer, or by observing the
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weather. Cloudy weather, rain, and high temperatures
usually accompany the lows, and clear, cool or cold weather,
the highs; while the wind direction varies as these areas pass.

These high and low pressure areas follow several paths (Fig.
416). Most of them originate cither in the northwest or south-
west, but some reach the country from the Pacific. In either
case, they move toward the east, usually crossing the Great Lakes
region, going down the St. Lawrence, and then out to sea. The
centers move 500 to 1000 miles a day.

Not all low pressure -areas are true storms, for those in whieh
the pressure is not very low have light winds and little, if any,
rain. These poorly developed low pressure areas sometimes die
out entirely; in other cases they rapidly develop into vigorous
storms. It is such irregularities as these that make storm predie-

tion nneertain; but, because
they usually follow regular
courses, most storms can be
accurately predicted.

Summary. — Cyelonie
storms and anticyclones uwsu-
ally develop in the northwest
or southwest, but often come
from the Pacific, passing
eastward across the country
i fairly reqular sweccession.

(D) Cause of Cyelovie
Storms. — Cyclonie
storms are great eddies
in the prevailing westers

Fig. 419.— An eddy moving downstream, lieg. and t]lij occur both
but with water whirling toward its A =

Sy in the northern and south=

ern hemispheres. They
may be compared to the eddies in a river (Fig. 419), that
move downstream with the current at the same time that
water is whirling from all directions toward their centers.
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In the same way, while the storm whirls are moving east-
ward with the prevailing westerlies, the air in them is eddy-
ing from all sides toward their centers.

Why these eddies develop is not certainly known. One theory
18 that they are started by the warming of air in some place, caus-
Ing it to be light and therefore to rise, as air rises over a stove.
Opposed to this theory is the fact that these storms are most com-
mon and best developed in winter, when heat is least likely to
cause low pressure areas. &

Another theory is that the highs and lows are air waves started
in the westerlies. The regularity with which they come, their
strength in winter when the west winds are best developed, and
other facts, point to this as the more probable explanation. In
either case, whether the air is warmed, or whether it is eaused
B0 rise and fall in waves, one part will have a lower pressure
than another, and toward it air will flow, starting a whirl,

Summary. — Cyclonic storms are eddies in the prevailing wester-
lies, with air whirling toward their centers Jrom all sides. These
eddies are low pressure areas, caused either by the warming of air
or, more probably, by air waves started in the westerlies,

(E) Influence of Cyclones and Anticyclones on Weather. —
WINDS.  (See also p. 289.) During the passage of high and
low pressure areas the wind changes. On the east side of a
storm the wind is from an easterly quarter, on the south side
from the south, and between the cyclone and the anticyclone,

3, - i m Il 5 & = & = »
from the west. The winds do not move along straight lines

btoward the center, but are turned by the effect of rotation o

that they blow spirally ; and if the differences in pressure are
considerable, they blow with great force. Near the center
the air rises (Fig. 412); but in an anticyclone it is steadily
setthng (Fig. 41 0

hTEMPERATUR-E. With these variations in wind direction
E‘e temperature also changes. Air from the south is warm,
tom the north, cool or cold. The settling air of the anti-
eyelones brings to the earth some of the cool upper air.  For
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these reasons, when low pressure areas pass over a region
there is usually hot, humid air in summer, and damp air
and rising temperature in winter. ~ But when the high pres-
sure areas approach, the air becomes clear and cool in sum-
mer, and cold in winter. Radiation through the clear air
of an anticyclone cools the ground far more than through
the humid, cloudy air which mantles the earth during the
passage of a low pressure area.

RAIN. When air is settling it is growing warmer, andy
therefore, its vapor does not condense. Consequently anti-
eyelones cause periods of dryness. In cyelonic storms, on the
other hand, the rising air is becoming cooler, and its vapor
is condensing, forming clouds and rain.  The cloudy and

rainy portions of a well-developed cyclonic storm may COVEE bE

an area with a diameter of over 1000 miles.

There arve two other important reasons for rain in these stormss
(1) those winds which are blowing from the south are steadily
advancing toward a cooler region; (2) i some places the air 18

foreed o rise over highlands, like the Appalachians and News

England. If, in either case, the air cools until it reaches the dew
point, some of its vapor condenses.
In central and eastern United States the rain-bearing winds of

eyclonic storms are mainly from the south and east. Winds

from these quarters bear vapor from the ocean, and those from
the south are, in addition, blowing toward cooler regions. In New
England, well-developed eyelonic storms are commonly called
northeast storms, because of the damp ocean winds then blowing'
from that quarter toward the center of low pressure.

When vapor condenses to form clouds and rain, the so-called
“latent heat ” (p. 238) is liberated, and this helps warm the aits
It is partly for this reason that storms commonly inerease in vio=
lence in passing over the Great Lakes and the ocean; for in these =

places more vapor is provided, and the heat from ifs condensation
causes lower pressure and, therefore, a more rapid inflow and

rising of air. A cyelonic storm has been called a great engingy

furnishing some of its own energy as the vapor condenses.

F16G. 420, — Photograph of a tornado at Mt. Morris,

Fra. 421. — A waterspout off Marthas Vineyard, Mass.
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Summary. —
As high and low
pressure areas
pass, the awinds
wary in direction,

e lows bringing
warm air, clouds,
and rain, the
highs cool, clear
air settling from
aloft. The rain
of eyclonic storms
8 caused (1) by
ilhe rising of air,
(@) by its passage
Jrom wariner to cooler regions, and (3) by its rising over highlands.

R T —we  The heat liberated by condens-
ing vapor causes the air to rise
with increasing energy, dand,
therejore, over waler storms
increase in vigor,

179. Thunder Storms
and Tornadoes.— (A)
Thunder Storms. — These
are local storms which de-
velop in low pressure areas,
usually in the southern por-
tion where warm, humid
air is slowly moving from
the south. On such mug-
gy, oppressive days the air
is not rising fast enough
to form a blanket of clouds;
but, as the ground is

Fia. 423. — Photegraph of a distant thunder storm.

2 BORMAY & 805 N, Y.
Fig. 4.3.4-_—P3,r|: of a weather map, July
1 1‘7.. 1891, showing a low pressure area -
I e N with thundetr storms (indicated by Wwarmed during the day, the

AEEOWS) in its soutbern part. humid air rises, and patches

Fia. 492, — Destruction done by the tornade at Mt. Morris (Fig. 420).
roof of the upper figure, notice the laths driven through boards by the force
of the wind.
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of cumulus clouds appear (p. 248). As the day passes these
grow larger and darker, rising as masses of rolling, surging
cloud, perhaps a full mile above the level base.

Rain finally falls from these clouds, and thunder and light-
ning are produced. The lightning is an electric spark, pass-
ing from cloud to cloud, or from the clouds to the earth, the
electricity being produced when the air currents are swirling
violently about and the vapor rapidly condensing. Thunder
is the noise caused by the spark, and its rolling is the resul
of echoes among the clouds.

Thunder storms are often small, perhaps only a few hundred
yards in area; but sometimes they are 50 to 100 miles long, 15 t0
25 miles broad, and 3 to 5 miles high. They travel eastward in
the west winds at the rate of 20 to 50 miles an hour, and may last
from 2 to 10 hours before dying out. The rain is heavy, the winds
often strong, and the lightning destructive. On the borders of
thunder storms, hail frequently falls (p. 250).

Thunder storms oecur in other places where warm, humid airis
rising to a level at which its vapor rapidly condenses. Xor
example, they are of almost daily occurrence in the belt of calms
Avound mountains, too, as the air rises on a-hot day, clouds often
gather and develop into thunder storms. In arid lands these
storms are sometimes accompanied by so rapid condensation of
vapor and so heavy rain that they ave called  cloudbursts.” ;

Summary. — Thunder storms are caused by the rising of warnl
Twmid air in low pressure areas, usually in the southern portion; they
are over-developed cumulus clouds. They also occur in the belt of
calms, and where air is rising arownd mountains.

(B) Tornadoes. — Tornadoes (Fig. 420) develop in the
southern portion of low pressure areas under conditions simi=
lar to those causing thunder storms. The warm, humid, lower

layers of air, brought by south winds, have above them cooler

layers moving from the west. As the lower air warms and

rises, a whirl starts around the center of rising,‘and the winds:
blow with great force. Like thunder storms, tornadoes often =
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oceur in groups, perhaps a seore or more developing at one
time, and not very far apart. Heavy rain and hail fall at
the, margin of the whirl, and thunder and lightning oceur.

The winds of the tornado whirl are so strong that houses are
overturned, heavy bodies picked up and carried long distances,
trees uprooted, and paths cut through the forest.  In the center of
the whirl there is a partial vacunm, and, as it passes, the airinside
of houses expands with such force as to blow out the windows, and
even the walls. The path of great destruction is only a few score
yards wide, though it may reach a length.of several miles before
the ltnrnado dies out. Although the passage of a tornado lasts but
aminute or two, its work of destruction is so complete (Fig. 422)
that tornadoes are much dreaded ; and, in regions visited by them,
lioles, called “cyclone cellars,” are made in the ground for shelter:

Fortunately tornadoes do mnot occur everywhere. They are
especially abundant in the Mississippi valley. In that level, open
country it is easily possible for warm, humid air from the Gulf of
Mexico to slide in under the cooler, upper air and thus bring
about the unstable conditions which are so favorable to tornado
.ft')rn‘lation. They do not develop in arid ‘countries, because the
air 18 not humid enough; nor are they common in mountainous
or hilly lands, becanse the irregular surface causes a mixture of
Watm and cool air layers. They rarely occur east of the northern
Appalachians. ‘ ;

. Summary. — Warm, humid air, creeping under cooler layers in
the southern part of low pressure areas, especially on the level 'plm‘us,
(uses an unstable condition ; and at times, as the air rises, the
tmoving winds start a violent whirl, forming a tornado. .‘

(C) Waterspouts.— At sea conditions favoring tornadoes produce
Waterspouts (Fig. 421). In their center the water is raised in a low
one, and some salt water is actually earried up into the spout.

Summary. — Waterspouts are tornadoes at sea.

. 180. Hurricanes and Typhoons. — Very violent storms,
;nown in the Pacific as typhoons, and in the Atlantic as hur-
Tioanes, develop in the tropical zone and move into the temper-
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ate zones. On passing into the cooler temperate zones they -
become larger and less violent, ahd then closely resemble
cyclonic storms. The path followed by the Atlantic hur-
ricanes 1is usually

/ across the West In- 8
A;{ o e e dies, off the coast 8
it B By e of the southern At-
lantic States; then =
out to sea, curving =
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blow (Figs. 425-428), often with such force as to overturn
trees and houses. Towns have been devastated and many
vessels lost, as at Samoa in 1889, when several war ships
were destroyed during a typhoon. Along the Atlantic coast
of the United States the most violent storms are hurricanes,
which often leave the coast strewn with wreckage.

Heavy rains, vivid lightning, and loud thunder accompany these
storms. With them also travels a wave of high water, which; ad-
vancing on low coasts; causes much destruction, destroying houses,

" towns, and life. It was one of these waves, rising over Galves-

ton, that, together with the winds, caused such terrible destruction
i 1900, killing thousands of people and almost destroying the
city (Fig. 429). Such a wave is due to two causes: (1) drifting
of water toward the storm center by the spirally in-blowing
winds (Figs. 425-428); (2) rising of water in the center because
the weight of the air there is less than in the ring surrounding it.
Most hurricanes occur in late summer and early fall, becanse
then the belt of greatest heat is farthest north. At the equator,
winds are not turned by the influence of rotation; but, as the dis-
tance from the equator increases, they are turned more and more.
Whirls can develop only when the winds are turned to one side
80 a5 to start a spiral movement around the center of rising.
For this reason hurricanes cannot start at or near the equator; but
they can start in the hot belt when it has migrated some distance
from it. In the North Atlantic the period when the belt of calms

i farthest from the equator s in late summer, and then hurri-
cane whirls start in the rising air.

Summary. — Hurricanes and typhoons are violent whirls, starting

i the torrid zone, and resembling tornadoes, though lavger and less

violent, They start over the ocean becanse of the great amount of

ory whose condensation supplies heat which causes more rapid
rising.  Their Jierce winds, and the water wave which accompanies
them, cquse great destruction.  They occur late in sumaner, or early
. autimn, when the bell of calms is farthest from the equator, be-

Cose then the effect of rotation can deflect the winds and start the
Spiral movement which causes the whirl.
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Toricar. OUTLINE, QUESTIONS, AND SUGGESTIONS.

Relation between Winds and Air Pres-
high pressure;

Toprcar. Ourrise.— 173.
sure. — Air columns; effect of heat; low pressure;
canse of winds; barometric gradient; strong winds.

174. Sea and Land Breezes. — Cause of sea breezes; effects; land
breezes. g

175. Mountain Valley Breezes.— Movement down valleys; up valleys.

176. Monsoon Winds. — Place of best development; summer monsoon;
winter monsoon ; importance to sailing vessels; reason for lack of devel-
opment elsewhere; condition in northeastern l[imted. Sl'a.t("s. : 7

177. Wind Systems of the Earth.— (A) Comparison with a Stave : air
movements in room heated by stove ; on earth. (B) Effect of Rolation:

right-hand deflection; left-hand deflection. (C) Belt of Calms: causej 8

doldrims ; migration. (D) Zrade Winds: steadiness; deflection ; su'ut]_a-
east trades; northeast trades; change in position; relation of Amal.t.s'c
monsoons to trades. (E) Auntitrades: upper outflow ; direction; pmnt' of
existence. (F) Precailing Westerlies: source of air; eireumpolar whirl;
effect of rotation ; prevailing westerlies; interference with winds; we%t-
erlies over Southern Ocean; in northern hemisphere; high in th? air,
(G) Horse Latitudes : location; settling air; condition of winds; shifting
of belts. a

178. Cyclonic Storms. — (A) Characteristics: low pressure arvea; 1503
bars; winds; rain; cyelonie storm ; movement. (B) 4 niir‘:;,'.r:!mms: pres-
sure; winds; sky; name; movement. (C) Succession of (_'yr,'ffmn?s‘. amf
Anticyelones: regular succession; weather changes; })lflugs of originj
paths; weak lows; irregularities. (D) Cause of Cyclonic ‘Sir:rrm.' coms
parison with river eddies; theory of heat origin; theary of wave origing
relation of eddies to low pressure. (E) Influence of Cyelones and Antis

eyelones on Weather: (a) Winds,— variation in direction ; deflection

vaviation in force; rising airin lows; settling in highs. (#) Temperas

ture, —south winds; north winds; settling air; passage of lows ; of highs§

radiation. (c) Rain, —reason for dryness in highs; effect of rising i
lows; other causes for rain ; source of vapor; northeast storms effect of
liberation of heat; storms over water. .

179, Thunder Stormsand Tornadoes.— (A) Thunder Storms : plac-?‘e'f
oceurrence in low pressure areas;cause ; growth ; lightning ; thunder ; 8ize§
path; rate of movement; occurrence elsewhere; clondbursts. (B) Tqr:
nadoes : favoring conditions; the whirl; comparison with thunder storinsis
effect of winds; condition in center; path; time of passage; eyc}o e
cellars: occurrence in Mississippi valley; absence in other sectio
(C) Waterspouts.

i

_are the characteristics of these storms?
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180. Hurricanes and Typhoons. — Typhoons; hurricanes; places of
development; movement into temperate zones; paths followed ; cause;
reasou for development over the sea; accompanying phenomena; effects
of water wave; cause of wave; time of oceurrence; explanation of this.

Questions. — 173. What is the cause of wind? What is barometric
gradient? When are winds strong?

174, Explain sea breezes; land breezes.

175. Explain the day and night breezes of mountain valleys,

176. Where are ' monsoons best developed ? Explain them. What is
the condition in northeastern United States ? i

177. (A) Compare the circulation in a room heated by a stove with
that of the earth. (B) in what direction, and why, are winds turned
from a straight conrse? (0) What is the condition in the belt of calms?
Why does it change position? (D) What are the directions of the trade
winds? Why? What effect has the migration of the belt of calms?
Why are the onsoons so well developed in Asia? (E) What is the
direction of the antitrades? How is this known? (F) What is the ¢ir-
cumpolar whirl? What is the direction of the winds? Why? What are
the "prevailing westerlies? What interferes with the regular winds?
How do the westerlies of the northern and southern hemispheres differ?
(G) What are the conditions in the horse latitudes ? Why ?

178, (A) What isa low pressure area? What are isobars? A eyelonic
Storm? State its characteristics. (B) What are anticyelones? Contrast
With eyclonic storms. (C) What changes accompany the highs and
lows? What paths are pursued? What irregularities are noticed ? (D)
Compare cyclonic storms with eddies in a river. State the two theories
for these storms. What facts favor one rather than the other? (E)

- What is the nature of the winds in high and low pressure areas? What

ehanges in temperature occur as these areas pass over a region? What
ate the causes of rain in the eyclonic storms? Why do storms cormmonly

| Inerease in violence when passing over large water bodies?

179. (A) Under what conditions do thunder storms appear in low
pressure areas? Why? What is the lightning? The thunder? What
Where else do thunder storms
occur?  (B) Under what conditions do tornadoes develop ? What are
sS0me results of tornadoes? Where are they most common? Why? In
What situation are tornadoes rare ? (C) What are waterspouts? ,

180. What are hurricanes? Typhoons? What paths do they follow?
Why 4o they start over the sea? What destruction do they aceomplish ?
Give instances. What destruction is done by the water wave? Whatis
the cause of this wave? When are these storms most common? Why
at that season 9 ]

T
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Sucerstions. — (1) Recall the previous experiments on convection
(Chapter XII, 10). (2) Open a window on a cold day when no wind
is blowing. Why does the cold air enter the room? (3) Keep a record
of the wind direetion for twenty days. Hew many days did the wind
blow from each of the four quarters (north, east, south, and west)?
For the same period keep a record of the direction that the higher
clouds are moving. How many days do they move from each quarter?
(4) On an outline map make a sketch of the winds of the globe simi-
lar to Fig. 408. Make a sketch to show the ehange in position of the
belt of calms (Figs. 439, 440). (5) If the instruments are available,
keep a record of the wind direction and force, humidity, temperature,
clouds and rain, and barometric pressure (Appendix G). Tell when
eyelonie storms and antieyclones are passing, and carefully record the
relation between air pressure and the other phenomena. From your obser-
vations predict the weather for the following day. (6) Study weather

maps (Appendix H). (7) With apparatus obtained from the physies labo==

ratory make an electric spark. Thisis a lightning flash on a small scale,

and the noise is thunder. A similar flash and noise may often be noticed

as a trolley car passes. (8) If thunder storms occur, keep a record of
all the phenomena and report upon them. (9) Read, say in Harper's
Weekly for the autumnn of 1900, an account of the destruetion of Galves:

ton. Be on the ontlook next fall for newspaper reports of hurricanes ors

typhoons; also, next summer, for reports of tornadoes.

Reference Books. — HarrinaToN, Rainfall and Snow of United Statesy

Bulletin €, U. S. Weather Bureau, Washington, D.C., 1894; FErrEL;

Popular Treatise on the Wind, Wiley & Sons, New York, 1889, $4.003

Fixuey, Tornadoes, Hine, New York, 1887, $1.00. (See also referencess

at end of Chapter XIL)

CHAPTER XIV.
WEATHER AND CLIMATE.

181. Difference between Weather and Climate. — Weather
refers to daily changes in temperature, wind, clouds, and
rain. Climate is the average result of these weather changes.
- ; £
For example, certain parts of the tropical zone are said to
have a rainy climate. This does not mean that it rains every
da.y, but that, though the weather on some days is clear, on
still more it is rainy. Thus the average condition, or the
climate, is rainy.

p .

.l‘he following are some of the more important kinds of
climate: dry, hot desert climates; hot, rainy climates, as in
the.belt of {_lehns; damp, equable ocean climates; extreme and
variable climates, common in the interior of continents; and
frlgld climates. The greater part of the United States has a

S Co }
variable climate. These different climates, and the reasons
-for them, can best be understood by studying the conditions
I various parts of the world.

Summary. — Climate is the average of weather, which is the daily
Condition of temperature, wind, clouds, and rain. There are & num-
ber of very different climates on the earth.

182. Zones of Heat.— (A) The Five Zones.— The most
Widespread cause for variations in climate is the distribution
Of sun’s heat from equator to poles. This results from the
fllfferences in angle at which the sun’s rays reach the earth
n different latitudes (p. 239). From this has arisen the
00.111.111011 division of the earth into five climatic zones, — two
fl‘lgld, two temperate, and one torrid, or tropical (Fig. 430).
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