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Prefuee to the Sehenth Ehition.

No science is more generally interesting, than that which
explains the common phenomena of life. We see that salt
and snow are both white, a rose red, leaves green, and the
violet a deep purple; but how few persons ever ask the
reason why! We know that a flute produces a musical
sound, and a cracked bell a discordant one— that fire is hot,
ice cold, and a candle luminous—that water boils when
subjected to heat, and freezes from cold; but when a child
lovks up into our face and asks us ‘““why,”—how many
times is it silenced with a frown, or called * very foolish for
asking such silly questions!” The object of the present
book is to explain above 2000 of these questions (which are
often more easily asked than answered) in language so
simple that a child may understand it, yet not so childish
as to offend the scientific. In order to secure the strictest
acduracy in the answers, the most approved modern authors
have been consulted, and each edition has been submitted
to the revision of gentlemen of acknowledged reputation for
scientific attainments. Sincere thanks are due to the REv.
A. Batr Pow‘m, M.A, F.C.S.,, and to ROBERT JAMES
Manw, EsqQ., M.R.C.8,, of Aylsham, for their careful revision
of the sixth, as w31 s for much useful information in some
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of the former Mitions ;* the almost unparalleled success of
this little volume, of which 44,000 copies have been printed
since the year 1848, is an incontrovertible proof of its
acceptability. The Author has spared neither labour nor
expense to render his “Guide to the Scientific Knowledge
of Things Familiar” instructive and amusing to the young,
a8 well as to those of maturer life.

To teachers of schools it may be advisable to state, that,
as every question has been again and again submitted to a
most rigid investigation, no alteration of the text will be
made in future editions; although such as may be needful,
to render the book most generally useful, shall be given by
annotations from time to time, as subsequent reprints may
be demanded.

* Mr. Simeon Simons, of Cromer, furnished some useful hints for
the second editlon ; and C. Lloyd, Esq., of Oswestry, Salop, a judictous
revision of the fifth edition.

A remarkable instance came before the Author a few months since
of the statement made in the early part of this preface. The conver-
sation was about smoke-—why it was black, and not white, like the
fine dust of lime, A little child who was present, asked, “ Why is the
kettle so black with smoke ?” Her papa answered, ‘ Because it has
been on the fire;” ‘“But” (urged the child) whal is the good of its
being black?” The gentleman replied, ¢ Silly child—you ask very
foolish questions—sit down and hold your tongpe.” He might have
read pp. 806, 207, 208, and answered the child thore discreetly.
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PART L

HEAT. -

INTRODUCTION.

Q. What is

A. That which produces the sensa-
tion of warmth.

Q. How is this sensation produced ?

A. By a subtile invisible stream, which
flows from some hotter substance, and
produces on our nerves the sensation of
warmth,

Q. What is that “subtile invisible stream”
called, which flows from the hotter substance ?

A. Ouro’ric. Caloric, therefore, is
the agent, which produces the sensation
of warmth. v

B



] HEAT.

Q. What is the principal SOURCE of heat 2
A. The Sun.
Q

. What other SOURCES of heat are there ?
A, Electricity— Chemical Action—
and Mechanical Action.

Q. What are the principal EFFECTS of heat P
A. Expansion, Liquefaction, Vapo-
rization, and Ignition.

CHAPTER 1.

.Q. What is the great natural SOURCE of
eat ?

A. The Sun.

Q. Why do BURNING GLASSES sel fire to
thstances submitted to their power P

A. Because, when the rays of the
1n pass through the burning glass, they
e bent towards ome point, called the
focus;” in consequence of which, the
Zht and heat at this point are very
eatly increased. v



ELECTRICITY, 3

Q. Do the rays of the sun ever set fire to
natural substances, WITHOUT the assistance of a
burning glass ?

A. No. The rays of the sun, even
in the torrid zone, are never hot enough
to kindle natural substances, unless con-
centrated by a burning glass.

CHAPTER IL

Q. Name a sECOND source of heat.
A. Eirrcrtricity.

Q. How is ELECTRICITY most commonly seen
7 NATURE ?

. A, As lightning.

Q. What is L1GHTNING ? .
A. Lightning is accumulated elec-
tricity digcharged from the clouds.

Q. How many diffsrent kinds of lightning
are there P  ®



4 ELECTRICITY.

A. As there are two kinds of electri-
city, so there are two kinds of lightning
also.

Q. What are the two kinds of ELECTRICITY
called ?

A. The Vitreous and Resinous;—
sometimes the Positive and Negative.

Q. What causes the discharge of an ELECTRIC
CLOUD ?

A. One kind of electricity rushing
from a cloud, to umte itself with the
other kind, elther in" another cloud, or
n the\earth

Q. What takes place when the two kinds of
electricity MEET?

A. They neutralize each other.

Q. What is @ THUNDER-STORM ?

A. The disturbance caused in the
air, when successive discharges of accu-
mulated electricity take place.

Q. What are the souRCES of the clectricity
which accumulates in the clouds ? s

A. Ist—Evaporation from the earth’s
surface ; ¢
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2ndly—The chemical changes which
take place in the earth’s surface, and in
the air; and

8rdly—Probably friction between cur-
rents of air of unequal temperature,
passing by each other.

Q. How HIGH are the LIGHTNING CLOUDS
Jrom the earth?

A. Sometimes they are elevated 4 or
b miles; and sometimes actually touch
the earth with one of their edges: But
they are rarely discharged in a thunder
storm, when more than 700 yards above
the surface of the earth.

Q. How do such objects as trees, steeples,
antmals, dc. help the discharge of electric clouds P

A. They reduce the distance between
the electric cloud and the earth.

e Q. Why is lightning sometimes FORKED ?

A. Because the flash is divided by
certain terrestrial objects which it ap-
proaches,

Q.  Why is the flash sometimes z1G-zAG ?
A. Becguse lightning condenses the
B3
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air in the immediate advance of its path,
and flies from side to side, in order to
pass where there is the least resistance.

Q.  When is the flash sTRATGHT?

- A. When the distance through which
the flash has to pass is small, so that the
air in advance of its path is not sufficiently
condensed, to cause it to fly from side to
side.

Q. What i3 SHEET LIGHTNING ?
A. The light of a flash reflected in the

clouds, when the flash itself is concealed
from view.

Q. What otHER form does lightning occa-
sionally assume ?

A. It sometimes assumes the globular
form, and sometimes what 1s called the
brush form.

This drusk discharge is what is called “ Castor and Pollux,” or

“Elmos-fire.” Dr. Faraday says, it is a discharge between the
air and some conductor.

The cause of globular lightning is not kr*pwn.

Q. Why does lightning produce a flash when
it passes through the AIR ? ‘
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A. Because the air, being a non-
conductor, cannot convey it in an invisible
form.

Q.  Does lightning never produce a flash when
it passes through a CONDUCTOR ?

A. No. Electricity passes through
all conductors in a quiet and invisible form.

Q. Why does LIGHTNING sometimes KILL men
and beasts ?

A. DBecause (when the electric current
passes through a man or beast) it pro-
duces so violent an action upon the nerves,
as to destroy life.

Q. WHEN 8 a person struck DEAD by light-
ning ?

A. Only when his body forms a part
of the lighining’s path; 1.e. when the
eectric fluid, (in its way to the earth)
actually passes through his body.

Q. Why are animals sometimes HURT by
lightning, gnd not KILLED ?

A. Because the amount of electric
fluid which, passes through their bodies,
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A. Because the storm is far distant,
and the sound of the thunder indistinct.

Q. How is the sound of thunder affected by
LOCAL circumstances P

A. The flatter the country, the more
unbroken the peal. Mountains serve to
break the peal, and make it harsh and
irregular.

Q. What is the cause of ROLLING THUNDER ?

A. The echoes of the peal rever-

berating amongst masses of cloud and
terrestrial objects.

Q. Why is a flash of lightning generally
Jollowed by POURING RAIN?

A. Because 1t produces a change in
the physical condition of the air, rendering
it unable to hold so much water in
solution as it could before; in conke-
| quence of which, a part is given off in
[ heavy rain.

Q. Why is a flash of lightning generally
Jollowed by a GusT OF WIND ?

A. Because the physicaf condition of
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the air is disturbed by the passage of the
lightning, and wind is the result of this
disturbance.

Q. Why is there No thunder to what is called
SUMMER LIGHTNING ?

A. Because the lightning-clouds are
so far distant, that the sound of the thun-
der is lost, before it reaches the ear.

Q. Do THUNDER-BOLTS ever drop jfrom the
clouds ?

A. No; the notion of thunder-bolts
arises from the globular form which
lightning sometimes assumes.

Q. Why is THUNDER often several moments
AFTER the FLASH?

A. Because it hasa long way to come.
Lightning travels nearly a million times
faster than thunder; if, therefore, the
thunder has a long way to come, it will
"not reach the earth till a considerable
time after the Sflash.

Q. Why can we tell the DISTANCE of a thunder-

cloud, by observing the interval which elapses between
the ﬂash and the peal ?
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A. Because the flash is instantaneous;
but thunder will take a whole second of
time to travel 880 yards: hence, if the
flash be 5 seconds before the thunder,
the cloud is 1900 yards off.

The speed of lightning is so great, that it would go 480 times
round the earth in one minute: whereas thunder would go scarcely
13 miles in the same space of time.

Q. What PLACES are most DANGEROUS during
@ STORM ?

A. It is very dangerous to be near a
tree, or lofty building; a river, or any
running water.

Q. Why is it DANGEROUS to be NEAR @ TREE,
or lofty building, during a thunder storm ?

- A, Because a tall object (like a tree
or spire) will frequently discharge a
lightning-cloud; and if any one were
standing mnear, the lightning mjght
diverge from the tree, and pass through
the fluids of his body.

Q. How can @ TREE or SPIRE DISCHARGE a
lightning-cloud ? )

A. A lightning-cloud (floating over
a plain) may be too far 8ff to be dis-
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charged by it; but, as a tree or spire
would shorten this distance, it might no
longer be too far off to be discharged.

For example—If a lightning-cloud were 700 yards above a con-
ductor, it would be foo far off to be discharged:—but a tree or
spire 50 yards high, would make the cloud only.850 yards off
& conductor; in consequence of which, the cloud might be
instantly discharged.

Q. Why would lightning fiy from a tree or
gpire, into a MAN standing near ?

A. Because the electric fluid always
chooses for its path the best conductors ;
and, if the human fluids proved the
better conductor, would pass through a
man standing near the tree, rather than
down the tree itself.

There would be no danger if the tree or spire were made of
metal ; because metal is a better conductor than the human fluids.

Q.  Does lightning go through the inside, or
down the outside of a tree ?

A. It runs down a tree between the
*bark and the wood, where the sap is most
abundant.

Q.  Why does lightning take its course between
the bark and wood of a tree?

A. Becautse it makes choice of the
c
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best conductors : and this part of a tree
is best suited for a conductor.

Q. Why does lightning pass through the
INSIDE of a man ?

A. Because the fluids of the human
body make a better conductor than the.
skin ; therefore, lightning passes through
a man, and not down his skin.

Q. Why is it DANGEROUS to be near water
during a thunder-storm ?

A. Because water is a good con-
ductor; and lightning always takes in
its course the best conductors.

Q. Why is it dangerous for a man to be NEAR
WATER, tn a thunder-storm 9

A. Because the height of a man may
be sufficient to discharge a cloud: and
(if there were no taller object nigh) the
lightning might make the man its con-
ductor to the water.

See the first note on p. 13,

Q. Why is it dangerous to remain in a
CHURCH STEEPLE during a thundér-storm ?
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A. Because the church steeple is a
tall object, and composed of imperfect
conductors.

Q.  Are 1rON houses dangerous during a storm ?

A. No. Because the metal walls
will convey the electric fluid harmlessly
to the ground.

Q. What pARTs of a building should be
“avoided during a thunder-storm ?

A. Those connected with the roof by
a continuous line of conducting sub-
stances, but which have no outlet of
conductors downwards.

Such as the sfove, with its column of ascending amoke.

Q.  Why has the stove no outlet of conductors
downwards ?

A. Because it stands upon stone,
and is embedded in bricks; both of
which are non-conducting substances.

Q. Would lightning leave the stove and sirike
a person standing near it ?

A. It might, if by this means a more
direct passage were offered to some
conducting Substances.
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Q. When does lightning pass FROM THE
EARTH lo the cLouDs ?

A. One kind of electricity always
passes upwards to the clouds, whenever
the other kind passes downwards to the
earth.

Q. Which kind of electricity passes DOWN-
WARDS, from the clouds to the earth ?

A. Generally the vitreous, but occa-
sionally the resinous.

Q.  Which kind of electricity passes UPWARDS
from the earth to the clouds ?

A. Generally the resinous, but occa-
sionally the vitreous.

Q. Why is vitrEOUS electricity so called ?

A. Because it was first procured by
rubbing glass.

Vi treou.v is a Latin word, meaning “of the nature or property
of glass.”

Q. Why s RESINOUS electricity so called 2,

A. Because it was first procured by
rubbing resinous substances. :

Q. Are there any other names by which the
vitreous and resinous electricities are also known ?

A. They are sometimes called posi-
tive and negative electricities.

So called by Dr. Franklin and his disciples.
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Q.  Why wers the terms positive and negative
employed to express conditions of electricity ?

A. Because the early electricians
conceived that there were not two kinds,
but only two states of electricity; the one
marked by a superabundance, and the
other by a deficiency, of one and the
same fluid.

Q. Why i3 it DANGEROUS to lean AGAINST A
WALL during a thunder-storm ?

A. Because the electric fluid will
sometimes run down a wall; and would
leave the wall to run down the man,
because he 1s a better conductor.

Q. Why is it dangerous to RING & BELL
during a thunder-storm ?

A. Because bell-wire is an excellent
conductor ; and the electric fluid, passing
doyn the wire, might run through our
hand, and injure us.

Q.  Why would the lightning run through a
man touching a bell-handle ?

A. Because the human body is a
better conductor than the wall (between
the bell-hantlle and the floor); and as

c3
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lightning always chooses the best con-
ductor for its path, it would (in this case)
pass through the man, and injure him.

Q. Why is it dangerous to BAR a SHUTTER
during a thunder-storm ?

A. Because the iron shutter-bar is an
excellent conductor ; and the electric fluid
might run from the bar through the person
touching it, and injure him.

Q. Whky is it dangerous to be in a CROWD
during a thunder-storm ?

A. For two reasons: Ist—DBecause
a mass of people forms a larger, and a
better conductor, than an individual:
and

2ndly—Because the vapour arising
from a crowd increases the conducting
power of the air above.

Q.  Whyis a Mass of bodies a better conductor
than a single body ?

A.  As each living body is a conductor
of electricity, a connected mass of people
would afford a readier passage for ¥
large quantity of electricity, than a single
individual. ¢
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Q. Why is danger increased by the VAPOUR
which rises from a crowd ?

A. Because vapour is a conductor,
and would lead the electricity down
towards the crowd.

Q. Why i a THEATRE dangerous during a
thunder-storm ?

A. Because the crowd, and great
vapour arising from so many living
bodies, render it an excellent conductor
of lightning.

Q. Why is a FLOCK of sheep in greater dan-
ger than a smaller number ?

A. 1st—DBecause each sheep i1s a
conductor of lightning, and the conduct-
ing power of the flock is increased by its
numbers : and

Rndly—The vapour arising from a
flock of sheep increases the conducting
power of the air above.

Q. Why is a HERD of cattle in danger during
a storm ?

A. 1st—Because the number of living
bodies increases the conducting power of
their anima$ fluids : and
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Rndly—The vapour arising from a
herd increases its conducting power.

" Q. If a person be ABROAD in a thunder-storm,
what place is the safest ?

A. Any place about 20 or 80 feet
from some tall tree or building; if it be
not near to running water.

Q.  Why would it be safe to stand 20 or 30
feet from some tall tree, in a thunder-storm ?

A. Because the lightning would
always choose the tall tree as a con-
ductor ; and we should not be sufficiently
near the tree, for the lightning to diverge
from it to us.

Q. If a person be in A CARRIAGE tn a

thunder storm, in what way can he travel most
SBAFELY ?

A. He should not lean against the
carriage ; but sit upright without touch-
ing any of the four sides. ‘

Q.  Why should not a person lean AGAINST the
carriage in a storm £

A. .Because the electric fluid might
run down the sides of the carriage ; and
(if a person were leaning against them)
would make choice of him for'a conductor,
and perhaps destroy life.
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Q. Whyis the MIDDLE of a room more safe
than any other part of it, in a thunder-storm ?

A. Because the lightning (if it struck
the room at all) would come down the
chimney or walls of the room; and
therefore, the further distant from these
the better.

Q. Why is a MATTRESS, BED, 0r HEARTH-RUG
a security, to a certain extent, against injury from
lightning ? '

A. Because they are all non-conduc-
tors; and, as lightning always makes
choice of the best conductors, it would not
choose for its path such things as these.

Q. Is an IRON BEDSTEAD dangerousin a storm?

A. No; for it 1s so good a conduc-
tor that the electricity would pass down
it in preference to the animal fluids.

Q. Is 4 man in METAL ARMOUR in danger
JSrom lightning ?

« A. Noj; for the armour is so good a
conductor, that the electricity would pass
along it in preference to the fluids of
the human body.

Q. Why do PIECES OF METAL such as keys
watches, rings, and brooches carried about the person
increase the danger from lightning?
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A. Because they offer strong induce-
ment to the electricity to take them in its
path, but do not extend far enough to
conduct 1t to the earth.

Q. Is it better to be wet or dry during a
storm ?

A. To be wet: if a person be in the
open field, the best thing he can do, is
to stand about 20 feet from some tree,
and get completely drenched to the skin.

Q. Why i3 st better to be WET than dry in a

storm P
A. Because wet clothes will conduct

the discharge harmlessly over the surface
of the body.

Dr. Franklin found that he could not destroy a we? rat by
electricity artificially accumulated, although he could a dry one.

Q. What is the saFEST thing a person can do
to avoid injury from lightning 2

A. To draw his bedstead into - the
middle of his room, commit himself to
the care of God, and go to bed; remem-
bering that our Lord has said, “ The
very hairs of your head gre all num-
bered.”
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N. B. No great danger needs really to be apprehended fom
lightning, if you avoid taking your position near tall trees, spires,
or other elevated objects.

Q. What is a LIGHTNING-CONDUCTOR ?

A. A metal rod fixed in the earth,
running up the whole height of a build-
ing, and rising in a point above it. -

The point of a conductor should rise well into the air, and be
made triangular, like a bayonet.

Q. What metal is the best for this purposes ?

A. Copper.

Q. Why 18 cOPPER better than iron ?

A. 1st—DBecause it is a better con-
ductor than iron, and therefore not so
easily fused by lightning: and

2ndly—1It is not so much injured by
weather.

N. B. Electricity does not produce heat when it passes through
a good conductor; heat only appears when the free passage of the
electric matter is obstrocted.

The lollowing numbers express the relative value of several
kinds of metal, 1n conducting electricity :

Lead 1.—Iron R%.—Zinc 4.—Copper 12. Copper is, there-
fore, b times better as a conductor of lightning than iron.

Q.  What is the USE of a lightning conductor ?

A. It furnishes a path for the passage
of lightning; which will run down a metal
rod rather than the walls of a building,
because metal is a better conductor.
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Q. How rar does the beneficial influence of
a lightning-conductor extend ?

A. This has not been accurately
determined; but one conductor will
sufficiently protect & building of ordinary

extent.
Q. Why are not lightning-conductors more
generally used ?

A. Because many accidents have
arisen from conductors of defective

construction.
Q. How can lightning-conductors be pro-
ductive of HARM ?

A. If the rod be broken by weather
or accident, the electric fluid (being
obstructed in its path) may damage the
building. _

Q. If the rod be unbroken, is any evil to be
apprehended from it P

-A. Not if the rod be thick enough to
conduet the whole current to the earth:
But if too small for this purpose, the
lightning will fuse the metal, and injure

the building.

If copper be employed, the diameter of the rod should be half
an inch. An iron rod should be somewha* thicker.

Q. How does LIGHTNING sometimeés ENOCK
HOUSES and churches ?
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A. The steeple, or chimney is first
struck ; the lightning then darts to the
iron bars and cramps, employed in the
building; and (as it darts from bar to
bar) shatters the bricks and stones,
which oppose its progress. '

Q.  Tell me how St. Bride’s Church (London)
was nearly destroyed by lightning, about 100
years ago. .

A. The lightning first struck the
metal vane of the steeple, and ran down
the rod; it then darted to the iron
cramps, employed to support the build-
ing; and (as it flew from bar to bar)
smashed the stones which lay between.

Q.  Why did the Lightning fly about from place
to place, and not pass down in a straight course ?

A. Because 1t always takes in its
couyse the best conductors; and will fly
 both right and left, in order to reach them.

Q. Why does LIGHTNING turn milk sOuR?

A. Because it produces a disturbance
in the electrical condition of milk which
causes the complex organic body to de-
compose, and consequently to turn sour.

D
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Q. Is NITRIC ACID ever formed in the air by
lightning ?

A. Yes. The chemist, Liebig, found
nitric acid in 17 specimens of rain water,
collected immediately after thunder-storms :
Although in 58 specimens, collected at
other times, no traces could be found.

Q. What s nitric acid ?

A. The gases, oxygen and nitrogen,
chemically united together, in the pro-
portions of one part of the former to
five parts of the latter.

Q. Where do the oxygen and nitrogen come
JSrom, that are formed into nitric acid by lightning P

The air itself is composed of
oxygen and nitrogen mechanically min-
gled together. The passing lightning
has the power of making a portion of
these combine chemically.

Q. What is the difference between chemical
unton and mechanical admizture P .

A. Inachemical union, the properties
of the mingled bodies are altered. Ina
mechanical admixture, they are not.

Different coloured sands shaken together ig a bottle mix mechan-
ically. Water poured on quick-lime unites with it chemically,
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Q. Why does lightning sometimes produce a
SULPHUROUS SMELL in the air ?

A. DBecause some vapour, possessing
a sulphurous odour, is formed or brought
from the higher regions of the air, by
the operation of lightning.

Some chemists have conceived it to be merely nitrous acxd a8,
a combination of oxygen and nitrogen, possessing a smaller
proportion of the Jatter element than nitric acid.

Q. Why does LIGHTNING {urn BEER SOUR,
although contained in a close cask ?

A. Because, if beer be new and
the process of fermentation incomplete,
lightning so accelerates the process, as
to turn the sugar into acetic acid before
it has passed through the intermediate

state of al'cohol.
Q. Why is NoT oLD BEER and strong PORTER
made sour by lightning ?

A. Because the fermentation is more
complete ; and, therefore, is less affected
» by electrical influence.

Q. Why 1is METAL sometimes FUSED by
lightning ?

A. Because the surface of the metal
is too small to afford a path for the
electric currént.

D R
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Q. Why does LIGHTNING PURIFY the AIR?’

A. For two reasons: lst—DBecause
the electric fluid produces nitric acid
in its passage through the air: and

2ndly—Because the agitation of the
storm stirs up the air.

The ““nitric acid” is produced by the combination of some
portions of the oxygen and nitrogen of the air.*

Q. How does the production of nitric acid
PURIFY the air ?

A. Nitric acid acts very powerfully in
destroying the exhalations, which arise from

putrid vegetable and animal matters.
Q. Why is LIGHTNING more common in
BUMMER and AUTUMN, than in spring and winter 2

A. Because the heat of summer and
autumn produces great evaporation ; and
the conversion of water into vapour always

developes electricity.
Q. Why does a THUNDER-STORM yenerally
Jollow very dry weather ? .

A. Because dry air (being a non-
conductor) will not relieve the clouds of
their electricity ; so the fluid accumulates,
till the clouds are discharged in a storm.

* The oxygen and nitrogen are not combinedgbut simply mized, in
the ordinary air; but lightning causes some portions of the mixed
elements to combine.
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Q. Why does a THUNDER-STORM rarely
succeed wet weather ?

A. Because moist air or falling rain
(being & conductor) carries down the
electric fluid gradually and silently to
the earth.

Q. Why is ELECTRICITY excited by ch'non?

A. DBecause friction disturbs the
equilibrium of the two fluids; which
remain no longer quiescent, but separate

from each other.

When this d:sturbxmce takes place, the two fluids are said to be
in “a free state.”

Q. Why i3 a TREE sometimes scorched by
lightning, as if it had been set on fire ?

A. Because it obstructed the course
of the electric fluid, in its way to the
earth ; and when electricity is obstructed

m its path 1t gives out great heat.

This would be especrally the case in old knarled oaks, and dry
sapless trunks, which would be but very imperfect conductors.

Q. Why is the BARK of a TREE often ripped
Juite off by a flash of lightning ?

A. Because some obstruction is offer-
ed to the electric fluid in its passage down
the tree, and the bark is ripped off by the
mechanical violence of the resisted flash.

D3
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Q. Why are BouGHS of TREES broken off by
Ughining ?

A. Because the mechanical force of
lightning isvery great ; and, as the boughs
of a tree are imperfect conductors, they
will often be broken off by this force.

Q. Whyis an electric shock felt Most at the
ELBOW JOINT !

A. Because the path of the fluid is
obstructed by the joint : The shock (felt
at the elbow) is caused by the fluid
leaping from one bone to another.

Q.  Iselectricity accompanied-with any opoUur ?

A. Yes; near a large electrical ma-
chine in good action, there is always a
peculiar odour, resembling sulphur and
phosphorus; this odour is called ¢ Ozonz.”

Pronounce 0-zZONE, in two syllables.

Q. Has this peculiar odour, called *“ Ozong,”
been observed tn thunder-storms ?

A. Yes; at times thesulphurous ddour
prevails, and sometimes the phosphoric..

If the gaseous body disengaged by lightning, reaches us in
a concentraled form, the odour is SULPHUROUS; if in a diluled
form, it is PHOSPHOKIC.

Q. What are FUL'GURITES ?
A. Hollow tubes prodaiced in sandy
soils by the action of lightning.
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Q.  How does lightning produce fulgurites ?

A. When it enters the earth, it fuses
the flinty matter of the soil into a vitreous
(or glassy) substance, called a fulgurite.

Q. How does lightning sometimes affect the
character of 1RON and STEEL ?

A. Bars of iron and steel are some-
times rendered magnetic by lightning.

Q. Give an instance of the magnetic effects
of lightning.

A. Sometimes it will reverse the mag-
netic needles of the electric telegraph,
and sometimes destroy their magnetism
altogether.

Q. What is meant by the magnetic needles
being REVERSED ?

A. That part of the needle which
ought to point towards the north, is made
to point towards the south ; and that part
which ought to point south, is made to

.point towards the north.

Q.  How does lightning act upon the magnetic
needles of the electric telegraph ?

A. The electric fluid is conveyed
along the conducting wires round the
telegraphlc needles.
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CHAPTER IIL

Q. What is the THIRD source of heat ?
A. CHEMICAL ACTION.

Q. What is meant by chemical action being
the source of heat ?

A. Many things, when their chemical
constitution is changed, (either by the ab-
straction of some of their gases, or by the
combination of others not before united)
evolve heat, while the change is going on.

Q. Eazplain by illustration what you mean.

A. Water is cold and sulphuric acid 1s
cold; but if these two cold liquids be mixed
‘together, they will produce great heat.

Q. Why does cOLD WATER, pouréd on LIME,
produce great heat?

A. Because the water unites with
the lime; and becoming solid, gives off
that heat which was necessary to retain
it in & fluid state.

N. B. Heat is alwa, J' evolved, when a fluid is converted into a
solid form, Heat is always ab:orbed when & solid is changed into
& liguid state.

Q.  Where does the heat come from ?

A. It was in the wates before; but
was 1n a latent state.
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Q. Was there heat in the cold water and
lime, before they were miwed together P

A. Yes. All bodies contain heat;
the coldest ice, as well as the hottest fire.
Q. Is there HEAT even in ICE?
A. Yes; but it is latent (1. e. not
perceptible to our senses).
Latent, from the Latin word, Lafeo, (to lie hid.)

Q. How do you ENow thers is heat, if you
cannot PERCEIVE 1t ?

A. Thus:—Ice is 32 of tempera-

“ture, by the thermometer ; but if a pound

of ice be melted over a fire, (although

140° of heat are absorbed by the process),
it will feel no hotter than it did before.
i. e. it will be only 32°, and not 172° by the thermometer.

Q. What becomes of the 140° of heat which
wemt into the ice to melt it ?

A. They are hidden in the water; or
stored up in a latent state.

. Q. How much heat may be thus secreted or
made latent ?

A. The quantity varies in different
substances ; but in water, as much as
1140° of heat may remain latent.

%, i, e. 82 degrees; 1407, i. e. 140 degrees, &c.
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Q. How can 1140° of heat be added to water,
without being perceptible to our feelings P

A. 1s8t—140° of heat are hidden in
water, when ice vs melted by the sun or
fire: and

2ndly--1000° more are secreted, when
water 1s converted into steam. Thus,
before ice is converted into steam, 1140°
of heat become latent.

One pint of boiling water, (212° according™to the thermometer)
will make 1800 pints of steam ; but the steam is no hotter to the
touch than boiling water, both are 2120 ; therefore, when water
is couverted into steam, 1000° of heat become latent. Hence,
gefc;re ice is converted into steam, it must absorb 1140° of latent

eat.

Q. How can we be made to FEEL the heat of
ICE or snow

A. Into a pint of snow put half as
much salt ; then plunge your hands into
the liquid; and it will feel so intensely
cold,-that the snow itself will seem gwarm
in comparison to it. )

Q. Is savLT and sNow really COLDER_than
snow ?

A. Yes, many degrees; and by dip-
ping your hand into the mixture first,
and into snow afterwards, the snow will
seem to be comparatively warm. o
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Q. Whatis FIRE?
A. Heat and light, produced by the

combustion of inflammable substances.
Q. How is HEAT evolved by combustion ?

A. By chemical action. As latent heat
is liberated, when water is poured upon
lime, by chemical action; so latent heat
is liberated in combustion, by chemical
action also.

Q. What CHEMICAL ACTION takes place in
combustion ?

A. The elements of the fuel separate
from each other, and combine with the
oxygen of the arr. /

Q. Whatzsmeantb ths “ELEMEN’I‘S quUEL”?

A. The chemical elements of which
the fuel is composed, named carbon,
hydrogen, and oxygen.

Q. Whatarethe ELEMENTS of atmospheric ATR ?

A. . Oxygen and nitrogen, mixed toge-
ther in the following proportions :—Four
gallons of nitrogen and one of oxygen
will make 5 gallons of common air.

Air contains small quantities of carbonic acid gas and ammonia,
as also vapour of water.

Q. What is cArBON? -
A. The solid part of fuel. Carbon
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abounds in all animal bodies, earths,
and in some minerals.

Q. Mention some different species of CARBON.

A. Common charcoal, lamp-black,
coke, and the diamond.

Q. What is HYDROGEN ?

A. An inflammable gas. The gas
used in our streets is hydrogen driven
out of coals by heat.

Coal gas (more cogrectly speaking) is carburetted hydrogen,
i. e. carbon and hydrug:x. See p. 298. 8

Q. Whatarethecharacteristics of hydrogen gas ?

A. 1st—1It is the lightest of all known
substances :

2ndly—It will burn immediately it is
ignited : and

3rdly—A lighted cand® (immersed in
it) will be instantly extinguished.*

* Hydrogen gas may be made thus :—Put some pieces of zino
or iron filings into a glass: pour over them a little sulphuric gcid
(vitriol), diluted with twice the quantity of water ; then cover the
glass over for a few minutes, and hydrogen gas will be given off,

EXPERIMENTS.

If a flame be put into the glass, an ExPLOSION will be made.

If the experiment be tried in a phial, which has a piece of
tobacco pipe Tun through the cork, and a light be held for a few
moments to the top of the pipe, FLaME Will be made.

If a balloon be held over the phial, (so that the gas can inflate
it), the balloon will ascend in a very few minutes,
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Q. What is OXYGEN?

A. A gas, much heavier than hydro-
gen: it gives brilliancy to flame, and is
essential to animal life.*

* Oxygen gas is much more troublesome to make than hydro-
en. The ckeapest plan is to put a few ounces of manganase
(called the black oxide of manganese) into an iron bottle, furnished
with a bent tube: set the bottle in a fire till it becomes red hot,
and put the end of the tube into a pan of water. In a few
minutes, bubbles will rise through the water: these bubbles are
oxygen gas.

These bubbles may be collected thus:—Fill a common bottle
with water; hold it inverted over the bubbles which rise through
the pan, but be sure the mouth of the bottle be held ¢x tke water.
As the bubbles rise into the bottle, the water will run out; and
-when all the water has run out, the bottle is full ‘of gas. Cork
the bottle while the mouth remains under water : set the bottle on
its base ; cover the cork with lard or wax, and the gas will keep
till wanted.

N.B. The guickest way of making oxygen gas, is to rub
together in a mortar half an ounce of oxide of copper, and half
an ounce of chlorate of potassa. Put the mixture into a common
oil flask, furnished with a cork which has a bent tube thrust
through it. Heat the bottom of the flask over a candle or lamp;
and when the mixture is red hot, oxygen gas will be given off.
Note—the tube must be immersed in a pan of water, and the gas
collected as before.

(Chlorate of potassa may be bought at any chemist’s; and
oxide ofcopper may be procured by heating a sheet of copper red
hot, and when cool, striking it with a hammer; the scales that
ptel off, are oxide of copper.)

Exp. Put a piece of red-hot charcoal (fixed to a small piece of
wire) into your bottle of oxygen gas; and it will throw out most
dazzling sparks of light.

Blow a candle out; and while the wick is still red, hold the
candle (by a piece of wire) in the bottle of oxygen gas; the wick
will instantly ignite, and burn brilliantly.

(l;urning sulphur em}s a blve flame, when immers=d in oxygen
gas.

E
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Q. What i3 NITROGEN ?

A. An invisible gas, which is the
principal ingredient of common air; it
abounds in animal substances: The fol-
‘Jowing are its characteristics ;

1. It will not burn;

2. Itwill not support combustion ; and

8. An animal cannot live in it.

Nearly 4 gallons out of every b of common air, are nitrogen gas.*
Q. Whyis there so MUCH nitrogen in the air ?
A. In order to dilute the oxygen.

If the oxygen were not thus diluted,

fires would burn out too quickly, and

life would be too rapidly exhausted.

Q.  What three elements are employed in making
a common FIRE ! ’

A. Hydrogen gas, carbon, and oxygen
gas: The two former in the fuel ; and the
last in the asr, which surrounds the fuel.

Q. What causes the combustion of the }'uel ?

A. The hydrogen gas of the fuél

* Nitrogen gas may easily be obtained thus :—Put a piece of burning
phosphorus on a little stand, in a plate of water; and cover a bell glass
over it. (Be sure the edge of the glass stands ¢ the water.) In a few
minutes the ozygen of the air will be taken up by the burning phos-
phorus; and the nitrogen alone will be left in the bell glass.

(N.B. The white fume which will arisesand be absorbed by the
vater in this experiment, is phosphoric acid; i.e. phosphorus com-
bined with oxygen ot the air.)
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(being set free and excited by a match)
unites with the oxygen of the air, and
makes a yellow flame; this flame heats the
carbon of the fuel, which unites with more

oxygen, and produces carbonic acid gas.

. The gas of the fuel is carburetted hydrogen. The flame of
pure hydrogen is pale b/ue—of carburetted hydrogen yeilow.

Q. What is CARBONIC ACID GAS?

A. Carbon (or charcoal) combined
with oxygen gas.

Q. Why does FIRE produce HEAT ?
~A. Because it liberates lafent heat
from the air and fuel, by chemical action.

Q. What cHEMICAL CHANGES tn air and fuel
are produced by comBusTION ? :

A. 1st—Some of .the oxygen of the
air, combining with the hydrogen of the
fuel, condenses into water : and

2ndly—Some of the oxygen of the air,
combining with the carbon of the fuel,
forms carbonic acid gas.

Q. Why is a FIRE (after it has been long
burning) RED HoOT?

A. Because the whole surface of the
coals 1s so thoroughly heated, that every
part of it is undergoing a rapid union
with the oxygen of the air. --
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Q. In a BLAZING fire, why is the UPPER surface
of the COALS BLACK, and the LOWER surface RED ?

A. Because carbon (being solid) re-
quires a great degree of heat to make it
unite with the oxygen of the air. In
consequence of which, the hot wunder.
surface of coals is frequently red from its
union with oxygen, while the cold upper
surface remains black.

Q.  Which burns the more quickly, a BLAZING
Jire, or a RED HoOT one ?

A. Fuel burns quickest in a blazing
fire.

Q. Why do BLAZING COALS BURN QUICKER
than red hot ones ?

A. Because the inflammable gases of
the fuel (which are then escaping) greatly
assist the process of combustion.

Q.  Why do the coals of a CLEAR BRIGHT fire
burn out more slowly, than blazing coals ? *

A. Because most of the inflammable
gases, and much of the solid fuel, have
been consumed already; so that there is
less food for combustion.

Q.  What is soot? .

A. Unconsumed carbon of the fuel
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separated from the solid mass, and
carried up the chimney by currents of
hot air,

Q. What is sMOKE ?

A. TUnconsumed volatile matters,
separated from the fuel, and carried up

the chimney by currents of hot air.

This volatile matter consists of visible vapour, various gaseous
exhalatious, and minute pieces of carbon.

Q.  Why 13 there MORE SMOKE when coALs are
FRESH added, than when they are red hot ?

A. Because more carbon and volatile
matters are separated from the fuel than
can be reduced by combustion; and the
surplus flies off in smoke.

Q. Why is there so LITTLE SMOKE with @ RED
HOT FIRE?

A. Because the entire surface of the
coals is in a state of combustion ; and, as
very little of the escaping carbon remains
unconsumed, there 1s but little smoke.

L]
Q. Why are there DARK and BRIGHT SPOTS

tn a CLEAR cinder fire ?

A. Because the tntensity of the com-
bustion is greater in some parts of the fire,
than it is in odhers.

E3
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Q. Why i3 the intensity of combustion in @
common fire 30 UNEQUAL ?

A. Because air flies to the fire in
various and unequal currents.

Q. Why do we see all sorts of GROTESQUE
FIGURES in hot COALS ?

A. Because the wntensity of combus-
tion 1s wunequal, owing to the gusty
manner in which the air flies to the
fuel: And the various shades of red,
yellow, and white heat (mingling with
the black of the unburnt coal), produce
strange and fanciful resemblances.

Q.  Why does PAPER BURN more readily, than
wood ?

A. Because it is of a more fragile
texture ; and, therefore, its component
parts are more easily heated.

Q. Why does wooD BURN more readily, than
coal ? .

A. Because 1t i1s not so solid; and,
therefore, its elemental parts are more
easily separated, and made hot.

Q. When a FIRE is LIGHTED, why is PAPER
laid at the BorTOM, against the grate ?

A. Because paper (in consequence



KINDLING FIRES. 43

of its fragile texture) very readily catches
fire.

Q. Why is woop laid on the top of the paper ?

A. Because wood (being more sub-
stantial) burns longer than paper; and,
therefore, affords a longer contact of
flame to heat the coals.

Q. Why would not paper do witHOUT wood ?

A. Because paper burns out so
rapidly, that 1t would not afford sufficient
contact of flame to heat the -coals to
combustion.

Q. Why will not wood do wiTHOUT shavings,
straw, or paper ?

A. Because wood 1s too substantial
to be heated into combustion by the
feeble flame issuing from a match.

Q. Why would not the paper do as well, if
placed,on the TOF of the coals ?

A. Because every blaze tends up-
wards ; if, therefore, the paper were
placed on the top of the coals, its blaze
would afford no contact of flame to the
fuel lying below.

Q. Why should COAL be placed ABOVE the
wood P
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A. Because otherwise, the flame from
the wood would not rise through the coal,
to heat it.

Q. Why isa FIRE KINDLED at the LOWEST
BAR of a grate?

A. That the flame may ascend through
the fuel to heat it. If the fire were
kindled from the top, the flame would not
come in contact with the fuel placed
below.

Q. Why does coaL make such EXCELLENT
FUEL?

A. Because it containsa large amount
of carbon and hydrogen gas, in a compact
and convenient form.

Q. Why will cinders become RED ROT more
quickly than coars?

A. Because they are sooner reduced
to a state of combustion, as they are
more porous and less solid.

Q. Why will not IRON CINDERS burn ? .

A. Because the carbon and hydrogen
have been chiefly consumed, and only the
incombustible part of the fuel remains.

Q. Why are cINDERS lighter than coALs?

A. Because they are full of little



WET AND DRY KINDLING.—STONES. 45

holes or pores; from which gases, and
other volatile parts, have been driven off
by previous combustion.

Q. Why will not sToNES do for fuel, as well
as COALS ?

A. Because they contain no elements "
suitable for combustion; and generally
the substances of which they are com-
posed are already united to oxygen.

Stones contain silex (i.e. silicon and oxygen); alumina (i.e.
aluminum and oxygen); and lime (i.e. calcium and oxygen.)
Some rocks contain sulphur, or a little carbon; in which case
théy burn feebly.

Q.  Why will not WET KINDLING light a fire ?

A. 1st—Because the moisture of the
wet kindling prevents the oxygen of the
air from getting to the fuel ; and

2ndly—The heat of the fire is per-
petually drawn off, by the conversion of
water into steam.

Q.° Why does DRY wood burn BETTER than
GREEN ?

A. 1st—DBecause none of its heat is
carried away by the conversion of water
nto steam ; and

Rndly—Thee«pores of dry wood (being
Jilled with air) supply the fire with oxygen.
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-

-
Q. Why does SALT CRACKLE, when thrown
into a FIRE?

A. Ralt contains water. The crack-
ling of burning salt is owing to the
bursting of the crystals, when the water
is converted into steam.

Q. Why will not wood or paper burn if
steeped in a solution of PotTasH, phosphate of LIME,
or AMMONIA (hartshorn)?

A. Because any “al'kali,” (such as
potash) will arrest the hydrogyen which
escapes from the fuel, and prevent its
combination with the oxygen of air.

Q. What is an al'kali ?

A. A substance which will neutralize
an’acid.

Soda, potash, and ammonia, are all alkalis. The presence of

an alkali may be detected thus :—Vegetable &/uwes will be turned
green by it; and tarmeric paper will be turned drown by it.

Q. Why does a T of FLAME sometimes burst
tnto the room through the BARS OF A STOVE Pe

A. Because the iron bars conduct
heat to the interior of some lump of coal ;
and its volatile gas (bursting through
the weakest part) is kindled by the
glowing coals over which |t passes.

Q.  Does the 3ET of GAs ever escape unburnt ?
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A. Yes. If the gas passes at once
into the air, or over coals not sufficiently
heated to ignite it.

Q. Why does a BLUISH FLAME sometimes
flicker on the surface of hot cinders ?

A. Because the gas from the hot coals
at the bottom of the grate, mixing with
the carbon of the coals above, produces
an inflammable gas (called carbonic
oxide), which burns with a blue flame.

Q. Why is the FLAME of a fire or candls
YELLOW ?

A. The flame of a fire or candle is
due to a gas called carburetted hydrogen,
which burns with a yellow flame.

Carburetted hydrogen is a compound of carbon and hydrogen.
Pure hydrogen gas burns with a pale blue flame, and has very
little illuminating power.

Q. What ts LigHT?
A.. Rapid undulations of a fluid called
ether, striking upon the nerve of the eye.

Q. How does coMBUSTION make these undula-
tions of LIGHT?

A. The atoms of matter (set in
motion by heat) striking against this
ether, produce’ undulations in it; as a
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stone thrown upon water, produces undu-
lations on the surface.

Q. How can UNDULATIONS of ether produce
perception of LIGHT?

A. As sound is produced by undula-
tions of air striking on the ear: so the
perception of light is produced by undula-
tions of ether striking on the eye.

Q. What is the LUMINOUS ETHER !

A. A verysubtle fluid, which pervades

all space, and surrounds everything we see.

N.B. This theory of LGHT is not altogether satisfactory; but
has been retaived, as the best hitherto projected.

Q. Does HEAT ALWAYS produce LIGHT ?

A. No: many substances, particularly
metals, may be greatly heated without
producing light.

Q. Why is a YELLOW FLAME brighter than a
RED-HOT COAL?

A. Because yellow rays produce the
greatest amount of light, though red rays
produce the greatest amount of heat.

Q. Why 1 the LIGHT of a fire MORE INTENSE
sometimes, than it is at others ?

A. The intensity of fire-light depends
upon the whiteness to which the carbon
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is .reduced by combustion. If carbon
be white hot, its combustion is perfect,
and the light intense; if not, the light is
obscured by smoke.

Q. Why well not CINDERS BLAZE, as well as
FRESH coals ?

A. The flame of coals is caused by
the burning of carburetted hydrogen gas.
As soon as this gas has been consumed,
the hot cinders produce only a gas, called
carbonic acid, which is not combustible.
- Q. Where does the carburetted hydrogen gas
of a blazing fire come from ?

A. From the fuel which is composed
of carbon and hydrogen ; these elements
separate from each other during the
process of combustion, and form into
new compounds. (See p. 35.)

Fuel which will not blaze (as coke, cinders, charcoal, &e.) is
devoid ef hydrogen gas. Yet if sulphur be present, in any fuel,
it will blaze to some extent.

* Q. Why do coals burn out faster on a FROSTY
NIGHT, than upon any other ?

A. 1st—Because air condensed by
the cold contains more oxygen than the
same quantity.of warmer air; and

F
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endly—Air condensed by the cold is
heavier ; in consequence of which, it falls
more quickly on the fire, to supply the
place of hot ascending air.

Q. Why does a FIRE burn CLEAREST on a
FROSTY night ?

A. Because the volatile gases are more
quickly consumed ; and the solid carbon
is plentifully supplied with oxygen from the
air, to make it burn brightly and intensely.

Q. Why does a FIRE burn more intensely in
WINTER than in SUMMER?

A. Because the air is colder in winter,
than it is in summer,

Q. Why does the cOLDNESS of the air increase
the HEAT of a fire ?

A. 1st—Because air condensed by
the cold supplies more oxygen, than a
similar volume of warmer air : and

2ndly—Condensed air, being heavy,
falls more rapidly into the place of the
hot ascending air, to supply the fire with
nourishment.

Q. Why does the suN, shining on a FIRE,
make it DULL, and often put it qut ?

A. 1st—Because the air (being



INTENSITY OF FIRE. 61

rarefied by the sunshine) flows more slowly
to the fire; and
2ndly—The chemical action of the

sun’s rays is detrimental to combustion.

The sun’s rays are composed of three parts; lighting, heating, and
actinic or chemical rays. The two latter interfere with the process of
combustion. '

Q. Why does air flow to the fire more
TARDILY for being RAREFIED?

A. Because the greater the contrast
(between the external air, and that which
has been heated by the fire) the more rapid

.will be the current of air towards that fire.

Q. Why does rarefied air afford LEss Nou-
RISHMENT to fire than cold air ? .
A. Because rarefied air contains less
oxygen, than the same bulk of condensed
air.
Inasmuch as the same quantity of oxygen is diffused through a
larger space.

Q. Why does a FIRE burn more fiercely in
the opEN AIR?

« A, 1st—Because the air out-of-doors
1s more dense, than the air in-doors; and
2ndly—It has freer access to the fire.

Q. Why is the air out-of-doors more DENSEs
than that in-doors ?

| I . .
A. Because it has freer circulation;
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and, as soon as any portion has been
rarefied, it instantly escapes, and is
supplied by colder currents. )

Q. Why does not a FIRE burn so freely in a
THAW, a$ in @ FROST ?

A. Because the air is laden with
vapour ; in consequence of which, it
both moves too slowly, and is too much
rarefied, to nourish the fire.

Q. Why does a FIRE burn very fiercely in
WINDY weather P

A. Because the air is rapidly changed,
and affords plentiful nourishment to the
fire.

Q. Why does a pair of BELLOWS get a fire up ?

A. Becauseitdrives the air more rapidly
to the fire; and the plentiful supply of
oxygen soon makes it burn intensely.

Clarke’s Patent Blower is to be preferred, because it produces
a continuous blast. )

Q. Why is the flame of a CANDLE EXTIN-
GUISHED, when blown by the breath ; and not made
more intense, like a fire ?

A. Because the flame of a candle is
confined to a very small wick, from which
it is severed by the breath; and (being
unsupported) must go out.
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Q. Why s a SMOULDERING WICK sometimes
RE-KINDLED by blowing it ?

A. . Because air is carried to it by the
breath with great rapidity ; and the oxy-
gen of the air kindles the red-hot wick,
as it would kindle charred wood.

Q. Why is not the red-hot wick kindled by
the air AROUND 1t, without BLOWING ?

A. Because oxygen is not supplied
with sufficient freedom, unless air be

blown to the wick.

Q. When is this experiment most likely to
succeed ?

A. In frosty weather; because the
air coutains more oxygen, when it is

condensed by the cold.

Q. Why does a PORER, LAID AcRoss a dull
FIRE, revive it P

A. For two reasons: lst—Because
the ‘*poker concentrates the heat, and
throws it on the fuel : and

2ndly—Air is directed between the
poker and the coals, and a slight draught

created.
Q. Why arg the grates of modern STOVES
JSized near the ELOOR of a room ?
F8
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A. That the air on the lower part of
the room may be heated by the fire.

Q. Is not the air of the lower part of a
room heated equally well, when the grates are fized
kigher up ?

A. No; the heat of a fire has a very
little effect upon the air below the level of
the grate; and, therefore, every grate
should be as near to the floor as possible.

Q. Our FEET are very frequently coLD, when

we 8it close by a good fire. Ewplain the reason of
this.

A. Because cold air rushes through
the crevices of the doors and windows
along the bottom of the room, to sup-
ply the place of that heated by the fire
which ascends with the smoke; and
these currents of cold air, rushing con-
stantly over our feet, deprive them of
warmth.

Q.  If apiece of PAPER be laid FLAT on a clear
ﬁre, it will NoT BLAZE, but cHAR. Why so ?

A. Because the carbon of a clear fire,
being sufficiently hot to unite with the
oxygen of the air, produces carbonic acid
gas, which soon envelopes the paper laid
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flat upon the cinders : but carbonic acid
gas will neither blaze, nor allow combus-
tible matter surrounded by it to do so.

Q. If you BLOW the paper, or open the door
suddenly, it will BLAZE immediately. Why so ?

A. Because the carbonic acid is dissi-
pated, and the paper fanned into flame.
Q. Why does WATER EXTINGUISH @ FIRE ?

A. 1st—Because it forms a coating
over the fuel, which keeps it from the
air : and

2ndly—The conversion of water into
steam, draws off the heat of the burning
fuel.

Q. A LITTLE WATER makes a fire FIERCER,
while @ LARGER quantity of water puts it our.
Eaxzplain how this is.

A. A little water is readily converted
into steam, which increases the heat
of a fire; but water plentifully supplied
i3 not converted into steam, and stops
combustion.

Q.  When the coALs upon a fire are small and
DUSTY ; why are they sometimes sprinkled with water ?

A. Because water makes the mass
more solid, and the steam assists to heat
the coals into perfect combustion.
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Q. When a house is on fire, is too LITTLE
water worse than NONE ?

A. Certainly. Unless water be sup-
plied so plentifully as to quench the fire,
1t will increase its intensity.

Q. When will water EXTINGUISH FIRE ?

A. When the supply is so rapid and
abundant, that the fire cannot convert it
into steam.

Q. Does not a very LITTLE walér SLACKEN
the heat of fire ?

A. Yes, till it 1s converted into steam ;
it then increases the intensity of fire.

Q.  Why does the wick of a candle (when the
JSlame has been blown out) very readily cATCH FIRE ?

A. Because it is already hot, and a
very little extra heat will throw it into
flame.

Q.  Why does the EXTRA heat revive the flame #

A. Because it again liberates the
hydrogen of the tallow, and ignites it.

Q. Cannot woop be made to BLAZE without
actual contact with fire ?

A. Yes; if a piece of wood be held
near a fire for a little time, 1t will blaze,
even though it does not touch it.
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Q. Why will wooD BLAZE, even if it does not
touch fire P

A. Because the heat of fire drives
out the hydrogen gas of the wood; which
gas is inflamed by the fire.

Q. Why will a NEIGHBOUR'S. HOUSE 8ome-
times CATCH FIRE, though no flame of the burning
house ever touches it ?

A. Because the heat of the burning
house sets at liberty the hydrogen gas of
the neighbouring wood-work ; and this
gas is ignited by the flames or red-hot

ricks of the house on fire.

The gas referred to, in both these answers, is not pure, but
impure (or carburetted) hydrogen.

Q. What 15 CORE?
A. Coal freed from its volatile gases,
by the action of artificial heat.

Q. Why do ARNOTT'S STOVE Sometimes SMELL
very strongly of SULPHUR ?
. A. Because coke contains sulphur;
and whenever the draught is not rapid
enough to drive the sulphur up the flue,
1t is emitted into the room.

Q. What is rgeant by SPONTANEOUS COMBUS-
TION ?
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A. Combustion produced without the
application of flame.

Q.  Give an example of spontaneous combustion.

A. Coals stowed in the hold of a ves-
sel, and goods packed in a warehouse, will
often catch fire of themselves,—especially
such goods as cotton, flax, hemp, rags, &e.

Q. Why do such goods sometimes CATCH FIRE
“of themselves 9

A. Because they are piled together
in large masses in a damp state or place.

Q. Why doces this produce spontancous com-
bustion ?

A. Because the damp produces de-
cay ; and the great heat of the piled-up
mass makes the decaying goods ferment.

Q. How does this FERMENTATION produce
COMBUSTION ?

A. During fermentation, great, heat
is produced by chemical action,—a slow
combustion ensues,—till at length the
whole pile bursts into flame.

Q. Why is the HEAT of @ LARGE MAs8 of
goods GREATER than that of a smaller quantity ?

A. Because the heat ptoduced cannot
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escape through the massive pile; it
therefore accumulates, and raises the
temperature of the heap.

Q. Why do HAY-STACKS Sometimes CATCH FIRE
of themselves ?

A. Either because the hay was got
up damp; or else because rain has
penetrated the stack.

Q. Why will a HAY-STACK CAICH FIRE, if the
hay be damp ?

A. Because damp hay soon decays,
and undergoes a state of fermentation,
during which great heat 1s produced,
and the stack catches fire.

Q. IstheHAY in a stack injured by * HEATING,”
if it does not CATCH FIRE ?

A. Yes; it is frequently charred and
turned black ; which renders it unfit for
use.

Q. * If a hay-stack is found to be * heating,”
what can be done to prevent its catching fire, or
spoiling the HAY ?

A. Tt maybe taken down and re-formed
into a stack after it has been further dried:
or & chimney may be formed in the middle
of the stack to carry off the heat.
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CHAPTER IV.

SMOKE.

Q. Why does smoke ASCEND a chimney ?

A. Because the air of the room pass-
ing over the fire becomes lighter for
being heated ; and (being thus made
lighter) ascends the chimney, carrying
the smoke with it.

Q.  Why does lighter heated air ascend in a
chimney ?

A. Because the heavier cold air in
the room presses it up.

Q. What determines the rapidity or strength
of the draught in a chimney ?

A. The difference of weight between
the cold air which supplies the fite, and
the hot air in the chimney flue. ¢

Q. Why is the draught of a short flue more

slack than that of a long one?
A. Because the shorter the flue, the

less difference of weight 1is there between
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the ascending current, and the air which
presses it up the chimney.

If chimueys are too high, in comparison witk tke size of the fire,
the ascending air gets cold before it reaches the top: and the
draught is injured.

Q. Why do sMOKE and steam assume a
wreathy or curly form ?

A. Because they are pushed round
and round by ascending and descending
currents of air.

Q. What are BLACKS ?

A. Smoke condensed into flakes,
\which fall to the earth by their own
weight.

Q. Why are there no blacks thrown from the
Junnel of a railway engine ?

A. Because condensed steam alone
escapes from the railway engine, which
is dissolved by the air.

The fuel burnt in the furnace is so perfectly consumed, owing
to the sharpness of the draught, that very little deposit of soot
can take place.

The black deposit, which sometimes annoys the railway traveller,
arises from water thrown through the chimney of the locomotive,
made dirty in its passage.

Q. Why does a * FURNAGE-FIRE” DRAW up
more fiercely, than an OPEN stove ?

A. Because, the air, which sup-
plies the fire, must pass through the

G
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Jfurnace ; and, as it becomes exceedingly
heated, rushes up the chimney with great
violence.

Q. What produces the ROARING noise made
by a FURNACE fire ?

A. Air rushing rapidly through the
crevices of the ron door, and up the
chimney flue.

Q. Why 3 the ROAR less if the furnace DOOR
be thrown oPEN?

A. Because fresh air gets access to
the fire more easily ; and, as the air is not
so intensely heated, its motion is not so
violent.

Q. Why do some CHIMNEYS SMOKE ?

A. Because fresh air is not admitted
into the room so fast as it is consumed by
the fire ; in consequence of which, a cur-
rent of air passes down the chimmey to
supply the deficiency, driving the smoke
along with it.

Q.  What things would prevent air from being
supplied as fast as it 18 consumed by the fire P
A. Lgqather and curtains round the

doors; sand-bags at the threshold and
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on the window-frames; and other con-
trivances to keep out the draught.’

Q. Why will the air come down the cHIMNEY P

A. Because it can get to the fire
in no other way, if the doors and windows
are all made air-tight.

Q. What is the best REMEDY in such a case P

A. The speediest remedy is to open
the door or window; but by far the best
remedy is to carry a small tube from the
hearth into the external air.

Q. Why is that the BEST remedy ?

A. Because the fire will be plenti-
fully supplied with air by the tube: the
doors and windows may all remain air-
tight ; and we may enjoy a warm fireside,
without the inconvenience of draughts
and cold feet.

Q. , Why is a cHIMNEY raised so high above
the ROOF P

‘A. That it may not smoke; as all
funnels do, which are too short.

Q. What is meant by the FUNNEL or FLUB
of a chimney ?

A. That past of a chimney through
which the smoke passes. 59
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Q. Why does a CHIMNEY SMOKE, if the funnel
be very short ?

A. Because the draught of a short
flue 1s too slack to carry the smoke up
the chimney.

Q.  Onwhat does the INTENSITY of fire depend ?

A. The intensity of fire is always in
proportion to the quantity of oxygen with
which it is supplied.

Q. Does the pRAUGHT of a chimney depend on
the SPEED of the SMOKE through the flue ?

A. Yes. The more quickly kot air
flies up a chimney, the more quickly
cold air will rush towards the fire to supply
its place; and, therefore, the longer the
Jlue, the greater the draught.

Q. Why are the CHIMNEYS of MANUFACTORIES
made 80 very LONG ?
A. Toincrease the intensity of the fire.

Another reason of this arrangement is to prevent the annoy-
ance caused by the smoke and unwholesome gases, when they
escape too near to inhabited dwellings.

Q. Why 1is the INTENSITY of a fire increased
by LENGTHENING a FLUE ?

A. Because the draught being greater,
more fuel is consumed in' the same time;
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and, of course, the intensity of the heat
is proportionally greater.

Q. If a SHORT CHIMNEY cannot be lengthened,
what is the best REMEDY to prevent smoking

A. To contract the opening of the
chimney contiguous to the stove.

Q. Why will @ SMALLER OPENING above the
stove, PREVENT a chimney’s SMOKING P

A. Because the air will be compelled
to pass nearer the fire; and (being more
heated) will rise through the chimney
more rapidly : This increase of heat will,
therefore, compensate for the shortness
of the ﬂue

Q. Why will @ rRooM SMOEE, tf there be Two
FIRES 0 it 2

A. Because the fiercerfire will exhaust
the most air; and may draw from the

smaller one, to supply its demand.

'.li‘hn;f inconvenience does not arise in large rooms, with fire
properly adjusted.

* Q. Why will a chimney SMOKE, if there be a
FIRE 1 TWO ROOMS communicating with each other ?

A. Because (whenever the door be-
tween the two rooms is opened) air will
rush from the chimney of the inferior

: G 3
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fire to supply the other ; and both rooms
will be filled with smoke.

Q. What is the best REMEDY in this case ?

A. To carry a tube from the hearth
of each stove into the external air;
and then each fire will be so well sup-
plied, that neither will need to borrow
from the other.

Q. Why do VESTRY CHIMNEYS 80 often smoke ?

A. Because the wind (striking against
the steeple) is reflected back; and, rushing
down the vestry chimney, forces the
smoke into the room.

Q.  'WHAT WINDS make vestry chimneys smoke ?

A. Those from the mnorth-east or
south-east; according to the position of
the vestry.

Q. Why will EaAST winds make VESTRIES
SMOKE, more than west winds P

+ A, Because east winds strike against
the steeple, and bound back again to the
vestry chimney: but west winds cannot
rebound over the roof of a church.

N. B. The sfecple of a church is always due west, and the other
end of the church due easf; if, therefore;.a west wind were to
rebound, it would rebound to the wgs?, (or away from the church),
and not fowards it.
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Q. Why does a HOUSE in @ VALLEY very often
SMOKE ?

A. Because the wind (striking against
the surrounding hills) bounds back again
upon the chimney, and destroys its
draught.

Q. What is the common REMEDY in both these
cases P

A. To fix a cowl on the chimney-top,
to turn like a weather-cock, and present
its back to the wind.

Q. Why will not @ cowL always PREVENT &
chimney SMOKING ?

A. Because a strong wind will keep
the opening of the cowl towards the steeple
or hill ; and then the reflected wind will
blow into the cowl, and down the chimney.

Q. ds acowl i3 such a poor remedy, what
OTHER can be suggested ?

A. If the chimney-flue can be carried
higher than the steeple or hills, no wind
cah enter the flue.

Q. Ifachimney flue be carried up HIGHER than
the steeple or hill, why cannot the wind enter it ?

A. Because the reflected wind would
strike against the sides of the chimney-
flue, and not pass over its opening at all.
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Q. In what OTHER caseswill a CHIMNEY SMOKE ?

A. If the door and stove are both
placed on the same side of a room, the
chimney will often smoke.

Q. Why will @ CHIMNEY SMOKE, if the DOOR
and sTOVE are both on the SAME SIDE ?

A. Because (whenever the door is
opened) a current of air will blow obliquely
into the chimney-place,and drive the smoke
into the room.

Q. What REMEDY can be applied to this evil ?

A. The door must be set opposite to
the chimney-place, or nearly so; and
then the draught from the door will blow

_the smoke up the chimney, and not into
the room.

Q. Why will @ CHIMNEY SMOKE if it NEEDS
SWEEPING ?

A. Because loose soot obstructs the
free passage of the smoke, checks the
current, and prevents the draught. .

Q. Why will a CHIMNEY SMOKE, if if be oUT
OF REPAIR ?

A. 1st—Because the loose mortar and
bricks obstruct the smoke : and
”ndly—Coeld air (oozing through the
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chinks) chills the air in the chimney, and
prevents its ascent.

Q. Why will an ARNOTT'S STOVE SMOKE, if
the joints of the flue do not fit air-tight ?

A. Because cold air (oozing through
the joints) chills the air in the flue, and
prevents its ascent.

Q. Why does an old fashioned FARM CHIM-
NEY-PLACE generally smoke ?

A. Because the opening is so wery
large, that much of the air which goes
up the chimney, has never passed near
the fire; and this cold air (mixing with
the hot) so reduces ils temperature, that
it ascends very slowly, and the draught

is destroyed.
Q. Why does a chimney smoke, tf the
DRAUGHT be SLACK?

A. Because the current of air up the
chlmney is not powerful enough to buoy
up the smoke through the flue.

Q.  If the opening of a chimney be TOO LARGE,
what REMEDY can be applied ?

A. The chimney-place must be con-
tracted. .
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Q. Why will cONTRACTING the chimney-place
PREVENT 8 SMOKING ?

A. Because the air will then pass
nearer the fire; and (being more heated)
fly faster up the chimney.

Q. Why do almost all CHTMNEYS SMOKE in
GUSTY weather ?

A. Because the column of smoke is
suddenly chilled by the wind, and (being
unable to ascend) rushes back into the
room.

Q.  What is the use of a CHIMNEY-POT ?

A. To increase the draught, when
the opening of a chimney is too large.

Q. How does a CHIMNEY-POT INCREASE the
DRAUGHT of a chimney ?

A. 1st—By diminishing the aperture
of the funnel, and thus preventing
cold air from entering the chimney to
chill the warm ascending air: and

2ndly—By lengthening the flue, and
increasing the draught.

Q. Whydo TIN BLOWERS help to get a fire up ?
A. Because they compel the air to
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go through the fire, and not ever it;
in consequence of which, the fire is well
supplied with oxygen, and the draught
greatly increased.

Q. Why does a BLOWER INCREASE | the
DRAUGHT ?

A. Because it compels the air to pass
through the fire; and, being made much
hotter, it ascends the chimney more
rapidly.

Q. Why is a fire better supplied with oxygen,
while the blower hangs before it ?

A. Because the draught is increased ;
and the faster the hot air flies up the
chimney, the faster will cold air rush
towards the fire, to supply it with oxygen.

Q. Why does a parlour often sMELL disagree-
ably of 800T in SUMMER-TIME ?

A. , Because the air in the chimney
(being colder than the air in the parlour)
descends into the room, and leaves a
disagreeable smell of soot behind.

Q. Why are the CEILINGS of PUBLIC OFFICES
generally BLACK and filthy ?

A. Because the heated air of the office
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carries up the dust and fine soot; which
is-deposited on the ceiling.

Q. Why are soME parts of the ceiling BTACKER
and more filthy than others ?

A. Because the ceiling, by the drying
of the plaster, becomes uneven, and the
currents of air which pass over it, deposit
the dust or fine soot on the more promi-
nent parts.

Q. What i3 CHARCOAL ?

A. Wood which has been exposed to
a red heat, till it has been deprived of all
its gases and volatile parts.

Q. Why is a CHARCOAL F¥IRE hotler than a
wood fire P

A. Because charcoal is nearly pure
carbon, while wood contains other ele-
ments; and, as it 1s the carbon of fuel
which produces the glowing heat of com-
bustion, therefore, the purer the carbon,
the more intense will the heat of a fire be.

Q. Why does charcoal REMOVE the TAINT of
meat P

A. Because it absorbs all putrescent
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effluvia, whether they arise from ammal
or vegetable matter.

Q. Why is WATER PURIFIED by being filtered
through charcoal ?

A. Because charcoal absorbs the im-
purities of water, and removes all dis-
agreeable tastes and smells, whether they
arise from animal or vegetable matter.

Q. Why are water and wine casks CHARRED
inside P

A. Because charring the inside of a
cask reduces it to a kind of charcoal ; and
charcoal (by absorbing animal and vege-
table impurities) keeps the liquor sweet
and good.

Q. Why does a piece of BURNT BREAD mmake
impure water more fit to drink ?

A. , Because the surface of the bread
(which has been reduced to charcoal by
being burnt) corrects the impurities of the
water, and makes it palatable.

Q.  Why should ToAsT and WATER, placed by
the side of the sick, be made of BURNT bread ?

A. Because the charcoal surface of
H



74 CHEMICAL ACTION.

burnt bread prevents the water from
being affected by the impurities of a
“gick room.

Q. Why are TIMBERS, which are to be exposed

" to damp, CHARRED ?
A. Becausecharcoalundergoesno change

by exposure to air and water : in conse-

quence of which timber will resist weather

much longer, after it has been charred.
Q. Why are posts, which are fived in the

ground, CHARRED ?
A. Because charred wood resists

decay, which would otherwise affect the
pert underground, from the mousture of
the earth.

Q.  What precaution s necéssary in charring

posts ? . .
A. To continue the “charring” be-

ond the part buried in the ground;
{est the post should decay at the base,
from rain and other moisture on the
earth’s surface.

The post shonld be charred to about one foot above the ground.
.
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CHAPTER V.
LAMPS AND CANDLES.

Q. Of what are OIL, TALLOW, and WAX
composed ?

A. Principally of carbon and hydro-
gen gas. The solid part is carbon, the
volatile part is hydrogen gas.

Oxygen also, in small proportions, enters into the composition
of some substances used for candles.

Q. What is cARBONT?

A. A solid substance, generally of a
black colour; well known under the
forms of charcoal, lamp-black, coke, &c.

Q. What is HYDROGEN GAS ?

A. One of the elements of water.
It burns so readily, that it used to be
called *“ inflammable air.”™

Common coal gas is a compound of carbon and hydrogen, called
¢ carburretted hydrogen.” See p. 293,

Q. A CANDLE BURNS when lighted.—Ezplain
how this 1s.

A. The heat of the lighted wick
decomposes the tallow or waz ; and forms
vapour of water, and carbonic acid gas.

* Directions for making hydrogen gas are given on p, 87.
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Q. How are vapour of water and carbonic
acid gas formed from the burning tallow or wax of
a candle ?

A. The hydrogen of the candle, com-
bining with the oxygen of the air, forms
vapour of water : and the carbon of the
candle, combining with the ozygen of the
air, forms carbonic acid gas.

Q. WHERE is the tallow or wax of a candle
decomposed ?

A. In the wick. The melted tallow,
or wax, rises up the wick by capillary
attraction, and 1s rapidly decomposed by
the heat of the flame.

Q. What is cAPILLARY ATTRACTION ?

A. The power which very minute
tubes possess, of causing a liquid to rise
in them above its level.

“Capillary,” from the Latin word, “capillaris” (like a Aair) ;
the tubes referred to are almost as fine and delicate as a 'nair.

Water ascends through a lump of sugar, or piece of sponge, by
capillary attraction. lé B. The smaller a tube, the higher wilf a
liguid be attracted in it.

Q. Why is the FLAME of a candle HOT ?
A. Because it liberates latent heat
from the air and tallow.

Q.  How is LATENT HEAT kiberated by the flame
of a candle ?
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A. When the elements of the tallow
combine with the ozygen of the air, latent
heat is liberated by the chemical changes.

Q. Why does the flame of a CANDLE produce
LIGHT ?

A. Because the chemical changes
made by combustion, excite undulations
of luminous ether, which (striking the eye)
produce light. (See p. 47.)

Q.  Describe the different parts of the FLAME
of a common CANDLE.

A. The flame consists of three cones:
The inner or hollow cone, in which no
combustion takes place ;—the interme-
diate cone or area of partial combustion,
in which the hydrogen is chiefly con-
sumed ;—and the outer cone or area of
perfect combustion, in which the carbon
18 principally burned.

*Q. Why docs the INSIDE of the flame appear
HOLLOW ?

A. Because it is filled with invisible
vapour raised from the candle by the
heat of the wicks; which cannot be burnt
unless in contact with the air.

H3
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Q. From which part of the flame is the
greatest tlluminating power derived ?

A. From the intermediate cone, in
which the burning gas raises the particles
of carbon to a white heat; upon which

the illuminating power depends.
Q.  Why, for the most part, is only the hydro-
gen consumed in the intermediate cone ?

A. Because the oxygen of the air has a
greater affinity for hydrogen than for carbon ;
and that which penetrates to this partof the
flame, not being sufficient to combine with
both, unites with hydrogen to form water.

Q. Why is the MIDDLE CONE in a state of less
perfect combustion than the outer ?

A. Because the outer cone prevents
the oxygen of the air from getting freely
to the middle of the flame ; and without
free access of oxygen, there cannot be

complete combustion. ‘
Q. Why is the ouTER of less illuminating
POWER than the INTERMEDIATE cone ?

A. Because the incandescent carbon,
which passes to the outer cone, is imme-
diately consumed by combining with the
oxygen of the air, to form carbonic acid gas.

“Incandescent,” that is, heated to whiteness.
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Q. Why is the BoTTOM Of the flame purple ?

A. Because it contains very little
incandescent carbon, on which the illu-
minating power of a candle depends.

Q. Why does the FLAME of a candle point
UPWARDS ?

A. Because it heats the surrounding
air, which (being hot) rapidly ascends,
carrying the flame upwards at the same
time.

Q. Why is the FLAME of a candle POINTED at
the top, like a cone ?

A. Because, as the cone of heated
vapour rises, it i1s consumed ; and its sur-
face being diminished, a pointed form is
given to the flame.

“Consumed,” that is, converted into vapour of water and
carbonic acid gas.

Q.  Why is the vLAME of a candle BLOWN 0oUT
by a puff of breath ?

A. Because it is severed from the wick,
and goes out for want of support.

Q. Why does the FLAME of a candle make a
glass (which is held over it) pamp?

A. Because a ‘“ watery vapour” 1is
made, by the cembination of the hydrogen
of the tallow with the oxygen of the air;
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which is condensed by the cold glass,
held above the flame.

W%ter is composed of oxygen and hydrogen gases, chemically
united.

Q. Whydoes the hand, held ABOVE a candle,
suffer more from heat, than when it is placed BELow
the flame, or on ONE BIDE of it 7 ‘

A. Because the ascending heated air
comes in contact with the hand placed
above the flame; but when the hand is
placed below the flame or on one side, it
only feels heat from radiation.

¢« Radiation :” i. e. emission of rays. The candle-flame throws
out rays of light and heat in all directions; but when the hand is
held above the flame, it not only feels the heat of the rays, but
also of the ascending current of Aof air.

Q. Why ts a RUSH-LIGHT extinguished more
quickly, than a cotton-wick candle ?

A. Because a hard rush imbibes the
melted fat or wax much more slowly
than porous cotton ; as it imbibes less fat,
it supplies a smaller volume of combustible
gases ; the flame is, therefore, smaller,
and more easily extinguished.

Q. Why is it more difficult to blow out a
COTTON wick, than a rush-light ?

A. Because porous cofton imbibes the
melted fat, or wax, much more quickly,
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than hard rush: as it imbibes more fat,
it supplies the flame with a larger
volume of combustible gases; and, of
course, the light is with more difficulty
extinguished.

Q. Why is a cAs FLAME more easily extin-
guished, when the jet is very slightly turned on,
than when it is in full stream ?

A. Because there is less volume of
combustible gases in the small flame,
than in the full blaze.

Q.  Why does an EXTINGUISHER put a candle
out ?

A. Because the air in the extinguisher
18 soon exhausted of its oxrygen by the
flame: and when there is no oxygen,
flame goes out.

Q. Why does not a candle set fire to a PIECE
of PAPER twisted into an extinguisher, and used as
such ?

*A. 1st—Because the flame very soon
exhausts the oxygen contained in the paper
extinguisher: and

2ndly—The flame invests the inside of
the paper extinglisher with carbonic acid
gas, which prevents it from blazing.
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Q. Why is a LoNG WIOK never upright ?
A. Because it is bent by its own
weight.

Q. A LONG WICE 18 covered with an EFFLO-
RESCENCE at the top.—WHhat does this arise from ?

A. This knotty or flowery appearance
arises from an accumulation of charred
particles of cotton, which have not been
completely burnt, because the oxygen of
the atmosphere has been kept from them
by the outer cone of the flame.

Q. Why is not the END of a long wick burnt
off, as it hangs over the flame ?

A. Because the length and thickness of
the unburnt wick so diminishes the flame
and checks combustion,that thereis not heat
enough to consume the charred particles.

Q. Why do the wicks of Palmer's candles
never requirve snuffing 2

A. Because the wick is divided into
two or more parts, which, with the assist-
ance of a fine wire twisted with the
cotton, spread and project beyond the
Jlame ; where they are readily consumed.

Immediately the wick reaches the owfer cone of the flame it is
consumed, because the supply of oxygen is very plentiful there.
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Q. Why do common candles require to be
snuffed P

A. Because the wick is surrounded
by the outer come of the flame, which
prevents a sufficient supply of oxygen to
cause complete combustion.

Q. Why do wax and composite candles never
require snuffing ?

Because the wick is so platted as

to bend into the outer cone, where it is
completely consumed.

. Q.  Why is this plan not adopted in making
tallow candles ?

A. Because the bending of the wick,
which causes part of the flame to pro-
ject, would melt the tallow on one side too
quickly, causing the candle to “ gutter,”

Tallow melts at a lower temperature than wax or stearine ; which
prevents the employment of this plan for consuming the wick.,

Q. What is the SMOKE of a CANDLE ?

A. Solid particles of carbon, separated
from the wick and tallow, but not con-
sumed.

Q. Why are SoME particles consumed, and
not OTHERS ?
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A. Because the outer surface of the
flame prevents the access of air to the
interior parts, whence much of the carbon

passes off in smoke.

The combustion of the carbon depends upon its combining with
the ozygen of the air.

Q. Why do LAMPS SMOKE ?

A. Either because the wick s cut
unevenly, or else because it is turned up
too high.

Q. Why does a LAMP SMOKE, when the WICK
%8 cut UNEVENLY ?

A. Because the points of the jagged
edge project into the flame, where the
supply of oxygen is not sufficient to con-
sume all the carbon.

Q. Why does a LAMP SMOKE, when the WICK
18 turned up too HI1GH P

A. Because more carbon is separated
from the wick, than can be consumed by

the flame. :
Q. Why do not “ARGAND BURNERS” smoke ?

A. Because a current of air passes
through the middle of the flame ; in con-
sequence of which, the carbon of the
intertor is consumed, as well as that in
the outer coating of the flame.
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Q. Why does @ LAMP-GLASS DIMINISH the
SMOKL of a lamp ?

A. 1st—Because it increases the
supply of oxygen to the flame, by produc-
ing a draught; and

Rndly—It concentrates and reflects the
heat of the flame; in consequence of
which, the combustion of the carbon is
more perfect, and very little escapes
unconsumed.

CHAPTER VL

—

ANIMAL HEAT.

Q. ,What is the cause of ANIMAL HEAT ?

A. "Animal heat is produced by the
-combustion of hydrogen and carbon in the
?caplllary vessels.

Q. What are CAPILLARY VESSELS ?

A. Vessels as small as hairs running

all over the body ;" they afe called capillary
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. from the Latin word “ capillaxis (like a
hair.)

Q. Do these cCAPILLARY VESSELS run all over
the human body ?

A. Yes. Whenever blood flows from
a wound, some blood-vessel must be
divided; and,as you can bring blood from
any part of 'the body by a very slight
wound, these little vessels must run
through every part of the human frame.

Q. How do HYDROGEN gas and OARBON get
into thess very minute vessels ?

A. The food we eat is converted into
blood ; and blood contains both hydrogen
and carbon.

Q. How does coMBUSTION take place in the
capillary vessels ?

A. The carbon of the blood combines
with the ozygen of the air we breathe, and
forms carbonic acid gas.

Q. What becomes of this CARBONIO ACID GAS,
Jormed in the human blood ?

A. The lungs throw off almost all of
it into the air, by the act of expiration.

Q. What oasis generatdd in a common FIRE
by 0OMBUSTION?
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A. Carbonic acid gas,—formed by the
union of the carbon of fuel with the
oxygen of air.

Q. What aas is generated by a lighted cAN-
DLE or LAMP?

A.  Carbonic acid gas,—formed by the
union of the carbon of oil or tallow with
the oxygen of air.

Q. What is the cause of HEAT in the ANIMAL
system ?

A. Tt is produced by a species of slow
.combustion in the body.

Q. Does the BEAT of the HUMAN BODY arise
JSrom the sAME cAUSE as the heat of FIRE?

A. Yes,itdoes. Thecarbon of the blood
combines with the oxygen of the air in-
haled, and produces carbonic acid gas.

Q. If animal heat is produced by coMBUSTION,

why doés not the human body BURN UP like a coal
or.candle ?

A. Itactually doesso. Everymuscle,
nerve, and organ of the body, wastes
away like a burning lamp ; and (being
reduced to air apd ashes) is rejected from
the system as useless. :
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Q. If every bone, muscle, nerve, and organ, is
thus consumed by combustion, why i3 not the body-
enttrely CONSUMED ?

A. It would be 8o, unless the parts
destroyed were perpetually renewed :  but
as a lamp will not go out, so long as it is
supplied with fresh oil,—neither will the
body be consumed, so long as it 18 sup-
plied with sufficient food.

Q. What ¢s the principal difference between

the combustion of a FIRE or LAMP, and that of the
HUMAN BODY ?

A. Inthehumanbody,the combustion
18 affected at a much lower temperature ;
and carried on more slowly, than in a
lamp or fire.

The fire of one’s body is not hotter than from 90 to 104 degrees.
This heat is, nevertheless, sufficient to burn some thiags.  For
example, a little piece of phosphorus will iguite, if it gets by
accident under the nail.

Q. Howz1s it, that carbon can be made to burn
at 80 Low a temperaturc in the human body ?

A. Because the carbon in the blood
is reduced to very minute particles, ready
to undergo a rapid change immediately
oxygen is supplied. .

Q. When a man is STARVED, what parts of
the body go first ? '
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A. First the fat, because it is the
.most combustible; afterwards the muscles;
and then the man dies, like a lamp
which 48 burnt out.

Q. Why does wANT of sufficient NOURISHMENT
aften produce MAUNESS ?

A. Because while the fat and muscles
of the body are consuming by animal
combustion, the brain also 1s attacked;
and disease is produced in it before it is
finally destroyed.

Q. Why dues @ man SHRINK, when STARVED ?

A. Because the capillary fires feed
upon the human body, when they are not

‘3 supplied with food-fuel. A starved man
:shrmks Just as a fire does, when 1t 18 not
! supplied with fuel.
Q. What is the FuEL of the BoDY ?
A.  Food is the fuel of the body. The
arbon of the food, combining with the
oxygen of the air, evolves heat, in the
. same way that a fire or candle does.
Q. Why is EVERY part of the BODY WARM ?
A. Because the capillary vessels run
“through every part of the human body
13

I
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and the combustion of blood takes place
_in the capillary vessels. (See p. 86.)

Q. Why does RUNNING make us warm ?

A. Because we inhale more air, and
cause the bloed to pass more rapidly
through the lungs. Running acts upon
blood in the capillary vessels, as a pair
of bellows on a common fire.

Q. Why does inhaling air RAPIDLY make the
body feel wARM ?

A. Because more oxygen is introduced

into the body. In consequence of which,
the combustion of the blood is more rapid,
—the blood itself more heated,—and
every part of the body is made warmer.

Q. Why does HARD WORK produce HUNGER ?

A. " Because it produces quicker respi-
ration ; by which means, a larger amount
of oxygen ts introduced into the. lungs,
and the capillary combustion increased.
Hunger is the notice (given by our body)
to remind us, that our food-fuel must be
replenished.

Q. Why do want of exercise and too abundant
feeding make men fat orill ?
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A. Because more hydrogen and car-
bon are taken into the blood than can
be consumed by the respiration ; these,
therefore, either turn to fat, or cause
some disturbance in the system, which is
called disease.

Q. Why do sINGING and READING ALOUD
make us feel hungry ?

A. Because they increase respiration ;
and, as more oxygen is introduced into
the lungs, our food-fuel is more mpzdly
consumed.

Q. Whydowe feel less HUNGRY in the night,
than in the day ?

A. Because we breathe more slowly
during sleep ; therefore, less ozygen is
introduced into the lungs, to consume
our food-fuel.

Q. « Why do we need WARMER CLOTHING by
NIGHT, than by pax?

"A.  1st—Because the nightis generally
colder, than the day: and

2ndly——Because we breathe more slow-
ly: In consequence of which, animal
combustion is retarded, and our bodies
are colder.



92 CHEMICAL ACTION,

Q. Why do we PERSPIRE, when very hot ?

A. Because the pores of the skin are
thrown open to let some of the fluids of
the blood escape.

Q. Why do persons feel LazY and averse to
exercise, when they are HALF-STARVED or ILL-FED ?

A. Because desire for muscular action
ceases, when the body is not supplied with
nutritious food.

Q. Why have persons, who follow HARD OUT-

OF DOORS OCCUPATIONS, Moré APPETITE than those
who are engaged in SEDENTARY pursuits ?

A. Because hard bodily labour in the
open air causes much oxygen to be conveyed
into the lungs by inspiration; the com-
bustion of the food is carried on quickly ;
amimal heat increased; and need for
nutritious food more quickly indicated by
craving hunger. .

Q. Why have persons, who follow SEDENTARY

PURSUITS less APPETITE, than ploughmen and
masons ?

A. 1st—Because the air they inhale
i8 less pure, being deprived of some of its
oxygen : and
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Rndly—Their respiration is neither so
quick, nor so strong ; and, therefore, the
combustion of their food is carried on
more slowly.

Q. Why do we like strong MEAT, and GREASY
Jood, when the weather i3 very coLp ?

A. Because strong meat and grease
contain large portions of carbon and
hydrogen ; which produce a larger amount
of heat (when burned in the blood)
than any other kind of food.

Q. Why do persons EAT MORE food in cold
weather, than in hot ?

-A. Because the body requires more
fuel in cold weather, to keep up the same
amount of animal heat; and as we put
more coals on a fire on a cold day, to keep
our room warm; so we eat more food on
a cold day, to keep our body warm.

«Q.  Why does cold produce HUNGER ?

A. 1st—Because the air contains
more ozygen in cold weather ; and, there-
fore, fires burn more fiercely, and animal
combustion is move rapid : and

2ndly—As we are more active in cold
weather, our increased respiration acts
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a pair of bellows on the capillary

combustion.

Q. Why does rapid DIGESTION produce a
oraving APPETITE ?

A. This is a wise provision to keep
our bodies in health; hunger gives notice
that the capillary fires need replenishing,
in order that the body itself may not be
consumed.

Q. Why do we feel a desire for ACTIVITY in
cold weather ?

A. 1st—DBecause activity increases
the warmth of our body, by fanning the
combustion of the blood : and

2ndly—The strong food we eat creates
a desire for muscular exertion.

Q. Why are the Esquimaux so passionately
JSond of TRAIN 0IL and WHALE BLUBBER ?

A. Because oil and blubber contain
large quantities of carbon and hydrogen,
which are exceedingly combustible; and
the heat of their bodies is increased by
the greasy nature of their food.

Q. Why do we feel a DMLIKE to strong meat
and greasy food in very HoT weather !
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A. Because strong meat and grease
contain so much carbon and hydrogen,
that they would make us #ntensely hot :
we, therefore, instinctively refuse them
in hot weather.

Q. Why do we like FrUITS and VEGETABLES
most n hot weather ?

A. Because they contain less hydrogen
and carbon than meat; and, therefore,
produce not only less blood, but blood
of a less combustible nature.

" Q. Whyis our blood of a less COMBUSTIBLE

nature, if we live chiefly upon FRUITS and VEGE-
TABLES ?

A. Because fruits and vegetables
supply the blood with a very large amount
of water; which is not combustible, like
the carbon and hydrogen of strong meat.

Q. *How do FRUITS and VEGETABLES COOL
the,BLOOD ?

A. 1st—They diminish the amount
of carbon and hydrogen in the blood,
which are the chief causes of animal
heat: and

2ndly—They supply the blood with a
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large amount of water, which exudes
through the skin, and leaves the body cool.

Q. Why do we feel LAZY and averse to activity
R very HOT weather P

A. 1st—Because muscular activity
increases the heat of our body, by
quickening respiration : and

2ndly—The food we eat in hot weather
(not being greasy) naturally abates our
desire for bodily activity.

Q. Why do the inhabitants of TROP1CAL
countries live chiefly upon RICE and FRUIT?

A. Because rice and fruit (by diges-
tion) are mainly converted into water;
and (by cooling the blood) prevent the
tropical heat from feeling so oppressive.

Q.  Why are the ILL-FED instinctively averse to
CLEANLINESS ?

A. Because cleanliness increases hun-
ger, which they cannot allay by food.

The force of bad habits, without doubt, has more to do with
this result, than the scieatific fact meutioned above,

Q. Why does the frequent wuse of BATHS
generally tend to improve lealth ?

A. Because it keepg the pores of the
body free from obstruction; and promotes
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a healthy performance of the functions
of the skin.

Q. Why are very PoOR people instinctively
AVERSE {0 VENTILATION P

A. 1st—Because ventilation increases
the amount of oxygen in the air,—the com-
bustion of food,—and the cravings of
appetite : and

2ndly—Ventilation cools the air of a
room : to poor people, therefore, who are
ill-clad, the warmth of an ill-ventilated
apartment is agreeable. '

Q.  Why are birds hot-blooded creatures ?

A. Because they breathe quickly ; and
the combustion of their blood is very
rapid, from the abundance of oxygen
introduced into their bodies.

Q.  Why are children hotter than old people ?

A. .Because they breathe more quickly ;
and more oxygen is introduced into their
blood to supply the-capillary fire.

The heart beats more quickly in the young than in the old.
The pulsations are often 140 in a minufe in infants; and not
more than 70 in a minute in the very aged.

Q. Are Bears and DORMICE colder during
their winter sleep ?
K
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A. Yes. Because their breathing

and circulation almost cease.

For the same reason they are able to dispense with food for so
long a time.

Q. Why are FROGS, FISHES, SNAKES, and
LIZARDS COLD-BLOODED animals ?

A. Because they consume very little
air ; and, without a plentiful supply
of air, combustion is too slow to generate
much animal heat.

Q. Why is a DEAD BODY COLD ?

A. Because air is no longer conveyed
to the lungs, after respiration has ceased :
and, therefore, animal heat is no longer
generated by combustion.

CHAPTER VII.

MECHANICAL ACTION.

I.—PERCUSSION.

Q. How 18 heat produced by MECHANIOAL
ACTION ?

A. 1.—By Percussion. R.—By Fric-
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tion. 8.—By Condensation. And 4.—
By Electricity.

Electricity only produces heat, when it meets with a bad
conductor. Friction may have something to do with this.

Q. What is meant by PERCUSSION ?

A. The act of striking; as when a
blacksmith strikes a piece of iron on’his
anvil with his hammer.

Q.  Why will sTRIKING IRON make it RED-HOT ?

A. Because it condenses the particles
of the metal : and makes the latent heat
sensible

neral rule sensible heat is evolved by condensation, and
absorbe by expansion,

Q.  Does coLD iron contain HEAT ?

A. Yes; every thing contains heat;
but, when a thing feels cold, its heat is
LATENT.

Q. What is meant by LATENT HEAT ?

A. Heat not perceptible to our feelings.
When' anything contains heat without
Sféeling hotter for it, that heat is called
“latent heat.” (See p. 33.)

Q. Does coLp iron contain latent HEAT ?

A. Yes; and when a blacksmith
compresses it by his hammer, he brings
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out latent heat; and this makes the iron

red-hot.
Q. How used blacksmiths to vricHT their
MATCHES, before the general use of lucifers ?

A. . They used to place a soft iron
nail upon their anvil: strike it a few
times with a hammer: and the point
became sufficiently hot to light a brimstone
match.

Q. How can a NaIL (beaten by a hammer)
IGNITE a brimstone MATCH ?

A. The metal of the nail being com-
pressed by the hammer, can no longer
contain so much heat in a latent state, as
it did before ; some of it, therefore, be-
comes sensible, and increases the tem-

perature of the iron.
Q. Why does STRIKING @ FLINT against a piece
of BTEEL produce @ SPARK P

A. Because it compresses those parts
of the flint and steel, which strike together :
In consequence of which, some of their
latent heat is disturbed, and exhibits

itself in a spark.
Q.  How does this develogement of HEAT pro-
duce a SPARK, and set TINDER on fire P

A. A very small fragment (either of
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the steel or flint) s knocked off red-hot,

and sets fire to the tinder on which it falls.
Q. Why is it needful to keep BLOWING the
TINDER with the breath ?

A. In order that the increased supply
of air may furnish the tinder with more

oxygen to assist combustion.
Q. Where does the 0XYGEN of the air COME
FROM, which ts blown to the lighted tinder ?

A. From the air itself, which 1s
chiefly composed of two gases (nitrogen
and oxygen) mixed together.

" Five gallons of common air contain nearly 4 of bﬁbﬁm&*

of oxygen mized together, but not chemieally com

Q.  What is the Usk of OXYGEN GAS to lighted
tinder ?

A. Tt supports the combustién of the
tinder.  Blowing lighted tinder carries
oxygen to 1t and quickens it, in the same
way as a pair of bellows quickens a dull
fire.

'Q. Why do HORSES sometimes STRIEE FIRE
with their FEET?

A. Because their iron shoes strike
against the flint-stones of the road ; and
very small fragments are knocked off red-
hot, and look like sparks. _—
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Q. What makes these fragments RED-HOT ?

A. The percussion condenses the part
struck : In consequence of which, some
of its latent heat is rendered sensible, and
exhibits itself in these red-hot fragments.

CHAPTER VIII.

2. —FRICTTON.

What is meant by FRICTION ?

A. “They take a piece of dry wood,
sharpened to a point, which they rub
quickly up and down a flat piece, till 3
groove 1s made ; and the dust (collecte
in this groove) catches fire.

Q.  Why docs the dust of the wood CATCH FIRE
by rUBBING ?

A. Because latent heat is developed

from the wood by friction.

The best woods for this purpose are bozwood egainst mulberry,
or laurel against poplar or ivy.
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Q. Do not CARRIAGE WHEELS 80metimes CATCH
VIRE ?

A. Yes: when the wheels are dry,—
or fit too tightly,—or revolve very rapidly.

Q. Why do wheels catch fire in such cases 2

A. Because the friction of the wheels
against the axle-tree disturbs their latent
heat, and produces ignition.

Q.  What is the use of GREASING cart wheels ?

A. Grease lessens the friction ; and

ent heat of the wheels is less dis-

latent heat of oir hands and

makes it sensible to our feeling : and
Rndly—The blood is made to circulate

more quickly ; in consequence of which,

the quantity of heat (left in its passage)

1s increased.

Q. When a man has been almost Dg,WNED
why 18 suspended animation restored by RUBBING ?

A. Tst—DBecause friction exgftes the.
latent heat of thre Half-inanimate-hody: and
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2ndly—It makes the blood circulate
more quickly, which increases the animal
heat.

Q. Why do two pieces of 1cE (rubbed
together) MELT ?

A. Ice contains 140 degrees of latent
heat, and (when two pieces are rubbed
togetker) some of this latent heat is made
sensible, and melts the ice.

Q How are FORESTS sometimes set on FIRE

by  friction ?

é, The branches of contiguous trees
waemwbout by the wind) rub violently
agamst ‘each other, their latent heat is
develeped by the fnctmn and sets fire to
the forests.

Q.  Why do carpenters’ tools (such as gimlets,
saws, files, dc.)become HoT when used ?

A. Because the friction of the tools
against the wood disturbs latent heat, and
makes it sensible.

Q. Give an YLLUSTRATION of this.

A. 'When cannon is bored, the borers
become sointensely hot from frlcmon that
they would blister the hands, if touched.
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Q.  Why do these BORERS become 8o intensely
Hor ?

A. Because the friction of the borers
against the metal is so great, that it sets
free a large quantity of latent heat.

3.—CONDENSATION or
COMPRESSION.

N.B. The reduction of matter into a smaller compass by any
ezternal or mechanical force, is called COMPRESSION.
- The reduction of matter into a smaller compass by some énéer-
nal action (as by the escape of caloric) is called CONDENSATION.

&

Q.  What is meant by COMPRESSION ?

A. The act of bringing parts nearer
together ; as a sponge is compressed by
being squeezed in the hand.

Q. Can HEAT be evolved from common air
merely by COMPRESSTON ?

A. Yes; if a piece of German tinder
be placed at the bottom of a glass tube,
and the air in the tube compressed by a
piston, the tinder will catch fire.

In a common syringe or 8quirt, the Aandle part (which containg
the sucker, and is forced up and down) is called  the Piston.”
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Q. Why will the tinder catch fire ?

A. Because the air s compressed ;
and its latent heat being squeezed out,
sets fire to the tinder at the bottom of
the tube.

Q. Why will small quantities of sulphur and
chlorate of potash DETONATE, when rubbed together
in a mortar ?

A. Because the particles of the two
substances are compressed so closely
together, that their several chemical
affinities are brought into action.

To “ detonate” is to explode, or burn with a sudden veport.

Q. Why do DETONATING salt and powder
EXPLODE, on being rubbed or struck P

A. Because the mechanical action
of rubbing or striking, produces sufficient
heat to ignite the explosive materials of
which they are composed.  *

Q. Why are sHOT and CANNON BALLS HEATED
by being discharged from a gun ?

A. Because they are compressed,
and rubbed against the sides of the
gun by the explosion of the powder.
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CHAPTER IX.

am——

EFFECTS OF HEAT.

1.—EXPANSION.

Q. What are the principal EFFECTS of HEAT ?

A. 1.—Expansion. 2.—Liquefac-
tion. 8.—Vaporization, and 4.—Ig-
nition.

Q. Shew that HEAT EXPANDS AIR.

A. If a bladder (partially filled with
air) be tied up at the neck, and laid
before a fire, the air will expand till the
bladder bursts.

Q.  Why will the AR SWELL, if the bladder be
laid before a fire ?

A. Because the heat of the fire will
drive the particles of air apart from each
other, and cause them to occupy more
room than they did before.

Q. Why do unslit cHESNUTS CRACK with a
loud moise, when ROASTED ?

A. Because they contain a great deal
of air, which is expanded by the heat of
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the fire; and (not being able to escape)
bursts violently through the thick rind,
slitting it, and making a great noise.

Q.  What occasions the loud crack or report,
which we hear ?

A. 1st—The sudden bursting of the
rind makes a report; in the same way
as a piece of wood or glass would do, if
snapped in two : and

2ndly—The escape of hot air from the
chesnut makes a report also; in the same
way as the escape of the gases formed by
the explosion of gunpowder does.

Q.  Why does the sudden bursting of the rind,
or snapping of a piece of wood, make a REPORT ?

A. Because a violent jerk is given to
the air, when the attraction of cohesion
is thus suddenly overcome: This jerk
produces rapid wundulations in the air,
which (striking upon the ear) cause the
sensation of sound.

Q.  Why does the escape of air from the chest-

nut, or the explosion of gunpowder, produce a
REPORT P

A. Because the sudden expansion of
the imprisoned air, produces a partial
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vacuum: The report is caused by the
rushing of fresh air to fill up this vacuum.
See Thunader, p. 8.

Q. If a cHESNUT be sLIT, it will Nor crack;
why is this ?

A. Because the heated atr of the
chesnut can then freely escape through
the slit in the rind.

Q. Why does an aPPLE split and spurt abowut,
when roasted P

A. In some measure from the expan-
“sion of air by heat ; but more especially
because its juice is converted into steam.

Q. Houw is the JUICE of an APPLE confined in
the fruit ?

A. By being placed in numerous
little cells (like those of an honey-comb) :
When the juice is converted into steam,
it bursts through these cells; and forces
those parfs which oppose it, through the

eel.
P Q. When an APPLE i3 ROASTING, why is one
part made soft, while the rest remains hard ?

A. Because the vegetable matter of
the part nearest the fire is cooked by the
‘steam of the hot juices: and where

L
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the heated air and steam break through
and escape, the apple collapses and be-

comes soft.
Q. What ismeant by the * apple coLLAPSING P”

A. It means that the plumpness gives
way, and the apple becomes flabby and
shrovelled. .

Q. Why do sPARES of fire start (with a crack-
ling noise) from pieces of woob laid upon a FIRE ?

Because the air (expanded by
heat) forces its way through the pores of
the wood ; and carries along with it the
covering of the pore, which resisted its
Ppassage.

The conversion of the woody fibre of the interior parts into
eombustible gases, contributes to this effect.

Q.  Whati. meant by the *“ PORES of the wood 2"
A. Very small holes in the wood,

through which the sap circulates.

Q. What are the sPARKS of fire, which burst
Jrom the woop ?

A. Very small pleces of wood made
red-hot, and separated from the log by
the force of the air, when it bursts from
its confinement.

Q. Why does DEAL make more snapping than
any other wood 2
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A. Because the pores of deal are very
large, and contain more air than those of

wood having a closer grain.
. Q. Why does GREEN wood make less snap-
ping, than DRY ?
A. Because the pores contain less
air, being filled with sap.

Q. Why does DRY wood make more snapping
than green ?
A. Because the sap is s dried up, and

the pores are filled with air instead.
‘Q.  Why does pRY wood BURN more easily than
green or wet wood ?

A. Because the pores of green or
wet wood are filled with moisture, which
extinguishes flame; whereas the pores
of dry wood are filled with air, which
supports combustion. ’

Q. Why does MOISTURE extinguish flame P

A. ,1st—Because it prevents the
carbon and hydrogen of the fuel from
uniting with the ozygen of the air, to
form carbonic acid gas and water : and

2ndly—Because heat is perpetually
carried off, by the formation of the sap
wnto steam.

LR
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Q. Why do sToNES snap and fly about, when
keated in the fire ?

A. Because the close texture of the
stone prevents the hot air from escaping ;
i consequence of which, it bursts forth
with great wiolence, tearing the stone to
atoms, and forcing fragments into the
room.

Probably some part of this effect is due to the setting free of the
oaler of crystallization.

Q. When bottled ale or porter is set before a
Jire, why is the corx forced out sometimes ?

A. Because the carbonic acid of the
liquor ewpands by the heat, and drives
out the cork.

Carbonic acid gas is a compound of carbon and oxygen. All
fermented liquors contain more or less of carbonic acid gas;
bottled ale or porter a large quantity.

Q. Why does ale or porter ¥ROTH more, after
it has been set before a fire ?

A. Because the heat of the fire sets
free the carbonic acid ; which 1s entangled
as it rises through the liquor, and pro-
duces bubbles or froth.

Q. When a boy makes a BALLOON, and sets
Jire to the cotton or sponge (which has been steeped
in spirits of wine), why is the bdlloon INFLATED ?
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A. Because the air of the balloon is
expanded by the flame, till every part is

inflated and the paper made smooth.
Q. Why does the balloon RISE, after it hgs
been inflated by the expanded air ?

A. Because the same quantity of air
is expanded to three or four times’ its
original volume; and made so much
lighter, that even when all the paper,
wire, and cotton are added, it is still

lighter than common air.

The balloon ascends in consequence of the pressure from
beneath of the heavier cold air by which it is surrounded, in the
same way as the hot air in a chimney.

Q. Why does a SMOKE-JACK turn round in &
chimney ?

A. Because the current of hot air
up the chimney (striking against the
oblique vanes of the smoke-jack) drives
them round; as wind drives round the
sails of* a mill.

*Q.  Which EXPAND the most under the SAME
DEGREE of heat—gases, liquids, or solids ?

A. Gases: all of which expand in
the same ratio from heat.
Q. What degree of expansion tn gases is
caused by heat ?
L8
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A. 481 degrees of heat will make a
volume of gas twice as large as it was
before.

Q. What is the difference between a VAPOUR
and a GAs?

A. A vapour is an elastic aeriform
fluid, which may readily be converted
into a liquid or solid merely by change of
temperature :

A. A aas is an elastic aeriform fluid,
which cannot be made to change its
state, except by the application of

artificial pressure and intense cold.

Carbonic acid gas has even been converted into the solid form
by the use of these means.
The vapour produced by the boiling of water is called steam.

Q. What would gases be at VERY LOW
temperatures ?

A. All gases would probably be
liquid at extremely low temperatures ; but
the most intense cold hitherto aruﬁcmlly
produced, has not been sufficient to re-
duce some of the gases to a liquid state.

Gases which cannot by our present means be brought into the:
liquid form, are called * pemancnt' to distinguish them from
vapours.

Q.  Why are some thzngs SOLID, others LIQUID,
and others GASEOUS ?
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A. Because the particles which com-
pose some things are nearer together
than they are in others.—Those in which
the particles are closest are solid : those
in which they are furthest apart are
gaseous ; and the rest lLiquid.

Q. Why does heat change a sorLiD (like ics)
Jirst into a LIQUID, and then into a Gas?

A. Because it drives the component
particles further asunder ; hence a certain
quantity of heat changes solid ice into a
liquid,—and a further addition of heat
changes the liquid into steam.

Q.  Why does water sSIMMER before it boils ?

A. Because the particles of water
near the bottomof the kettle (being formed
into steam sooner than the rest) shoot
upwards ; but are condensed again by the
the colder surface of the water, and pro-
duce what is called *‘ simmering.”

Q. What is meant by SIMMERING ?

A. A gentle tremor or undulation on
the surface of hot water. When water
simmers, the bubbles collapse beneath the
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surface, and the steam is condensed to
water again ; but when water boils, the
bubbles rise through the surface, and the
steam s thrown off.

Q. Why does a RKETTLE SING, when the water
simmers 2

A. Because the entangled air escapes
by fits and starts from the surface of
the water; producing the noise called
“ singing.”

Q. Whydoes NOT a kettle s1NG, when the water
boils ?

A. Because all the water is boiling
hot; so the steam escapes in large quan-
tities from the entire surface, and not by
fits and starts.

Q. When does a kettle sing MosT ?

A. When it is set on a hob to boil.

Q. Why does a kettle sSING MORE, when it is
86t on the SIDE of a fire, than when it i8 set in the
MIDST of a fire ?

A. Because the heat is applied
unequally, and one side being made hotter
than the other ; the water takes longer
time to boil.
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Q. Why does a XETTI.E sing, when the boiling -
water begins to cooL again P

A. Because the upper surface cools
first; and the steam (which rises from
the lower part of the kettle) is again
partially condensed, and escapes by fits,
and starts.

Q. Why does BOTLING water tincreass in
bulk ?

A. Because it is expanded by the heat :
i.e.—The heat of the fire drives the
particles of water further apart from each
other: and (as they are mnot packed so

closely together) they take up more room.

Q. What is meant when it 18 said, *“ that HEAT
drives the PARTICLES of water further APART from
each other ?”

A. Water is composed of lttle glo-
bules, like very small grains of sand ; the
heat drwes these particles apart from each
other, and (as they then require more
rootn) the water increases in bulk.

Q. Why does boiling water BUBBLE ?

A. Because the heated air and vapour
(rising through the water) force up
bubbles in their effort to escape. -
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Q. Why does a RETTLE sometimes BOIL OVER ?

A. Because the water is expanded by
heat ; if, therefore, a kettle is filled with
cold water, some of it must run over, as
soon as 1t is expanded by heat.

Q. But I have seen a kettle BOIL OVER,

although it has not been filled FuLL of water;
how do you account for this P

A. If a fire be fierce, the air and
vapour are expelled so rapidly, that the
bubbles are very numerous; and since
these carry portions of the water with
them, some of it runs over.

Q. Why is a pot (which was full to OvVER-
FLOWING, while the water was boiling HOT) NoT
FULL, after it has been taken off the fire for a short
time ?

A. Because (while the water is boil-
ng) it is expanded by the heat, and fills the
pot even to overflowing; but, when it
becomes cool, it contracts again, and
occupies a less space.

The cooling of the water prevents any farther escape of
steam ; and the generation of steam is one cause of the expansion
of hot water.

Q. _Why does the water f a KETTLY. sometimes
run out of the spout, when it BOILS ?

A. Because when the lid fits tightly,
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the steam cannot lift it up and escape ;
being confined, therefore, in the kettle,
it presses on the water and forces it out

of the spout.
Q. What causes the RATTLING NOISE, often
made by the LID of a saucepan or boiler ?

A. The steam (seeking to escape)
forces up the lid of the boiler, and the
wetght of the Iid carries it back again;
this being done frequently, produces a
rattling noise.

Q.  If the steam could NoT LIFT UP the Uid of
the boiler, how would i¢ escape P

A. If the lid fitted so tightly, that
the steam could not raise it up, the
boiler would burst, and the consequences
might be serious.

Q.  When steam pours out from the spout of a
kettle, the STREAM begins apparently HALF AN INCH
off the sedut ; why does it not begin CLOSE to the
spout ?

A. Steam 1s really énvisible ; and the
half-inch (between the spout and the
“ stream of mist”) is the real steam, before

it has been condeased by the air.

Q. Why is not ALL the steam INVISIBLE, a8
well as that half-inch ?
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A. Because the invisible particles are
condensed by the cold air; and, rolling
one into another, look like mist.

Q. What BECOMES of the STEAM, for it soon
vanishes 9

A. After it has been condensed into
mist, it is dissolved by the air, and dis-
persed abroad as invisible vapour.

Q. And what BECOMEsS of the invisible
vapour ?

A. Being lighter thau air, it ascends
to the upper regions of the atmosphere,
where (being again condensed) it contri-

butes to form clouds.

Every portion of the atmosphere contains more or less invisible
vapour, varying from day to day with the state of the weather.

Q. Why doss a METAL spooN (left in a
saucepan ) RETARD the process of boiling ?

A. Because the metal spoon (being
an excellent conductor) carries off the heat
Jrom the water ; and (as heat is carried
off by the spoon) the water takes a longer
time to boil.

Q. Whywilla pot (filled with water) NEVER
BOIL, when immersed in dnother vessel full of
water also ?

A. Because water contained in an
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open vessel can never be heated above the
boiling point; all the heat absorbed by
water after 1t boils, is employed in gene-
rating steam.

Q. How does the conversion of water into
steam, prevent the INNER pot from boiling ?

A. Directly the water in the larger
pot is botling hot (or 212°,) steam is formed,
and carries off some of its heat ; therefore,
212 degs. of heat can never pass through
it, to raise the inner vessel to boiling heat.

'Q.  Why do suGaR, BALT, dc. RETARD the
process of boiling ?

A. Because they increase the density
of water; and whatever increases the
density of a fluid, retards its boiling.

Q.  If you want water to boil without coming
in contact with a SAUCEPAN, what plan must be
adopted ?

A. We must tmmerse the pot (con-
taming the water to be boiled) in a sauce-

pan containing strong brine, or sugar.
Q.  Why would the INNER vessel boil, if the
OUTER vessel contained strong BRINE ?

A. Because Yytne will not boil, till it
is raised to 218 or 220 degs. Therefore,
M
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R12 deg* of heat may easily pass through
it, to raise the vessel tmmersed in it to
bozlm g heat.

Q. Why will brine impart to another vessel
MORE than 2127, and water NOT 80 MUCH ?

A. Because no liquid can impart so
high a degree of heat, as its own boiling
temperature: As water boils at 21%°, it
cannot impart 212° of heat: but, as brine
will not boil without 218° of heat it can
impart enough to make water boil.

Q. Why can liguids impart no EXTRA heat,
after they boil #

A. Because all exira heat is spent in
making steam. Hence water will not boil
a vessel of water immersed in 1t, because
it cannot impart to it 212 dey* of heat;
but brine will, because 1t can impart more
than 212 deg of heat, before it is dtself
converted into steam,

Ether boils at about 96 degs.  Syrup boils at . . 221
Alcohol . 176 Oil of tarpentine . 816
Water . " 912 Sulphuric acid . 472
Water, with one-fifth Linseed oil . . 640
salt . 219 Mercury . . 662

Any liquid which boils at a lower degree can be made to boil, if im-
mersed in a liquid which boils at a kighe# degree. Thus a cup q/ ether
can be made to boil in a saucepan of water. A cup of water, in a
saucepan of brine or syrup. Buta cup of water will not boil, if immersed
in ether; nor a cup of syrup, in water,
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Q. Why are clouds HIGHER on a FINE day P

A. Because they are lighter, and
more buoyant.

Q. Why are clouds LIGHTER on a FINE day P

A. 1st—Because the vapour of the
clouds 1s less condensed ; and .

2ndly—The air itself (on a fine day) re-
tains more of its vapourin an invisible form.

Q. Why is a cuP put INVERTED info a
fruit pie ?

A Its principal use is to hold the
crust up, and prevent it from sinking, when
the cooked fruit gives way under 1t.

Q.  Does not the cup PREVENT the fruit of the
ple from BOILING OVER ?

A. No,—it will rather tend to make
it boil over, as there will be less room

in the dish.
Q. Ezxplain this.

A. When a pie is put into an oven,,
the air in the cup will begin to expand, and
drive every particle of juice from under
it; in consequence of which, the pie-dish
will have a cup-full less room to hold its

fruit in, than if the cup were taken out.
Some of the heated air is driven from the cup, and escapes in
M 2



124 EFFECTS OF HEAT.

bubbles through the juice, and out of the pie altogether. The
place of this is occupied by juice when the pie cools.

Q. If the juice is driven out of the cup; why
18 the cup always FULL of juice, when the pie 13
cut up ?

A. Because immediately the pie 1s
“ drawn,” the airin the cup begins to con-
tract again, and occupy a smaller space;
and, as the cup is no longer full of asr,
Jjuice rushes in to oceupy the void.

Q. Why does juice rush into the cup, when
the cup i8 NOT FULL of AIR?

A. Because the external air presses
upon the surface of the juice, which rushes
unobstructed into the cup; as mercury

rises through the tube of a barometer.

N.B. Since the juice of the pie rnns into the cup, as soon as
it is taken out of the oven, the cup prevents the juice from being
spilt over the crust, when the pie is carried about from place to
place; although it does not prevent the fruit from beiling over.

CHAPTER X.

D —— .

EXPANSION FROM HEAT.
(Continued.)

Q.  Does heat expand every thing ELSE, besides
air and waler P .
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A. Yes: every thing (that man is
acquainted with) is expanded by heat.

Q. Why does a cooPER heat his HOOPS RED-
HOT, when he puts them on a (ub ?

A. 1st—As iron expands by heat, the
hoops will be larger when they are red-
hot; in consequence of which, they will
fit on the tub more easily : and

2ndly—As iron contracts by cold, the
hoops will shrink as they cool down, and
girt the tub with a tighter grasp.

Q. Why does a WHEELWRIGHT make the iron
hoop or ‘“tire” RED-HOT, which he fixes on a WHEEL ?

A. 1st—That it may fit on more
easily : and

2ndly—That it may girt the wheel
more tightly.

Q. Why will a wheelwright's HooP ¥iT the
wheel MORE EASILY, for being made RED-HOT ?

. A. Because it will be expanded by
the heat; and (being larger) will go on
the wheel more easily.

Q. Why will the HoOPS, which have been put
on HOT, GIRT the ®heel more FIRMLY ?

M3
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babbles through the juice, and out of the pie altogether. The
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tract again, and occupy a smaller space;
and, as the cup is no longer full of air,
jutce rushes in to occupy the void.

Q. Why does juice rush into the cup, when
the cup is NOT FULL of AIR?

A. Because the external air presses
upon the surface of the juice, which rushes
unobstructed into the cup; as mercury

rises through the tube of a barometer.

N.B. Since the juice of the pie runs into the cup, as soon as
it is taken out of the oven, the cup prevents the juice from being
spilt over the crust, wheu the pie is carried about from place to
place; although it does not prevent the fruit from boiling over.

CHAPTER X.

EXPANSION FROM HEAT.
(Continued.)

Q.  Does heat expand evgry thing ELSE, besides
air and water ? .
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A. Yes: every thing (that man is
acquainted with) is expanded by heat.

Q. Why does a coopER heat his HOOPS RED-
HOT, when he puts them on a lub?

A. 1st—As iron expands by heat, the
hoops will be larger when they are red-
hot; in consequence of which, they will
fit on the tub more easily : and

2ndly—As iron contracts by cold, the
hoops will shrink as they cool down, and
girt the tub with a tighter grasp.

Q. Why does a WHEELWRIGHT make the iron
hoop or “*tire” RED-HOT, which he fixes on @ WHEEL ?

A. 1st—That it may fit on more
eastly : and

2ndly—That it may girt the wheel
more tightly.

Q. Why will a wheelwright's Hoor FIT the
wheel MORE EASILY, for being made RED-HOT ?

A. Because it will be expanded by
the heat; and (being larger) will go on
the wheel more easily.

Q.  Why will the HOOPS, which have been put
on HOT, GIRT the ®heel more FIRMLY ?

M3
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A. Because they will shrink as they
cool; and, therefore, girt the wheel with

a tighter grasp.
Q. Why does a STOVE make @ CRACKLING
NOISE, when a fire is very hot ?

A. Because it expands from the heat ;
and the parts of the stove rubbing
against each other, or driving against
the bricks, produce a crackling noise.

Q.  Why does a sTOVE make a similar cRAOK-
LING NOISE, when a large fire i3 TAREN DOWN ?

A. Because 1t contracts again, when
the fire is removed; in consequence of
which, the parts rub agatnst each other
again, and their connection with the
bricks is again disturbed.

Q. Why does the PLASTER round a stove
CRACK and fall away ?

A. Because (when the fire is lighted)
the tron-work expands more than the
brick-work and plaster, and pushes them
away ; but (when the fire is put out)
the metal shrinks again, and leaves the
“getting” belind.

_The “setting” is a technical word fpr the plaster, &c. in imme~
diate contact with the stove.
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Q. Why does the plaster FALL AWAY?

A. As a clunk is left (between the
“sgetting” and the stove), the plaster
will frequently fall away from its own
weight.

Q. What oTHER cause contributes to BRING
the PLASTER DOWN ?

A. As the heat of the fire varies, the
size of the iron stove varies also; and this
expanding and contracting keep up such
a constant disturbance about the plaster,
that it cracks and falls off.

Q.  Whydoes the MERCURY of @ THERMOMETER
RISE in hot weather ?

A. Because heat expands the metal,
which (being increased in bulk) occupies
a larger space; and, consequently, rises
higher in the tube.

Q. Why is a GLASS BROKEN, when HOT

WATER %8 poured into it ?
« A. Because the inside of the glass
is suddenly more expanded by the hot
water than the outside; and in conse-
quence of this unequal expansion the
glass snaps. *
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Q. Why is not the oursipk of the glass
expanded by hot water, as much as the INSIDE ?

A. Because glass is a bad conductor
of heat, and breaks before the heat of the
tnner surface is conducted to the outside.

Q.  Why does a glass snap, because the INNER
surfuce 18 HOTTER than the OUTER?

A. Because the nner surface is
expanded, and not the outer : in conse-
quence of which, an opposing force i3
created, which breaks the glass.

Q. Why is a cHINA CUP broken, if HOT WATER
be poured over it, or into it ?

A. Because china is a bad conductor;
and, as the inner surface expands from
the heat more than the outer, an opposing
force is created, which breaks the cup.

Q. If a glass beaker be set on a warm HOB,
why does the BOTTOM COME OFF ! .

A. Because glass is a bad conductor;
and (as the bottom of the glass expands
from the warmth of the hot stove, before
the sides are heated) the two parts separate
from each other. .
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CHAPTER XI.

. —LIQUEFACTION.
3.—VAPORIZATION.

Q. What is meant by LIQUEFACTION ?

A. The conversion of a solid into a
liguid by the agency of heat : as solid ice
is converted into water by the heat of

the sun.

Q. Why s ice MELTED by the HEAT of the
SUN?

A. Because the heat of the sun forces
its particles asunder ; till their attraction
of cohesion 1s sufficiently overcome, to
convert the solid ice into a liquid.

See p. 115.

Q. Why are METALS MELTED by the heat of
FIRE ?

A.  Because the heat of the fire forces
their particles asunder ; till their attrac-
tion of cohesion is suﬁ‘.imently overcome,

to convert the solid metdl into a liquid.
Q.  Why is wATER converted into STEAM by the
heat of the FIRE ?

A. Because® the heat of the fire
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separates its globules into very minute
bubbles ; which (being lighter than air) fly
off from the surface in the form of steam.
. Q. Why does not woop MeLT, like metal P

A. Because the heat of the fire
decomposes the wood into gas, smoke, and
ashes ; and the different parts separate
from each other.

Q.  What is meant by VAPORIZATION ?

A. The conversion of a solid or liquid
into vapour: as snow or water is converted
into vapour by the heat of the sun.

Q.  What are cLoups ?

A. Moisture evaporated from the earth,
and again partially condensed in the upper
regions of the air.

Q. What is the difference between a roG and
a cLoup ?

A. Clouds and fogs differ only in one
respect. Clouds are elevated above our
heads : but fogs come in contact with the
surface of the earth.

Q. Why do clouds FLOAT §) readily in the air ?
A. Because they are composed of
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very minute globules (called vescicles);
which (being lighter than air) float, like
soap bubbles.

Q. Why does VAPOUR sometimes form into

cLOUDS, and sometimes rest upon the earth as M1sT
or ¥oa ! ~

A. This depends on the temperature of
the air. When the surface of the earth is
warmer than the lower air, the vapour of
the earth (being condensed by the chill
air) becomes mist or fog. But, when the
lower air is warmer than the earth, the
vapour rises through the air, and becomes

cloud.

Q. Are ALL clouds ALIEE P

A. No. They vary greatly in density,
height and colour.

Q. What 1is the chief causE of fog and
clouds ?

A. The changes of the wind.
Many local circumstances also favour the formation of clouds.

‘Q.  How can the CHANGES of the WIND affect
the cLoups ?

A. If a cold current of wind blows
suddenly over any region, it condenses the
invisible vapour of the air into cloud or
rain: but if & warm current of wind
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blows over any region, it disperses the
clouds, by absorbing their vapour.

Q. What countries are the MostT cloudy ?

A. Those where the winds are most

variable, as Britain.
Q.  What countries are the LEAST cloudy ?

A. Those where the winds are least
variable, as Egypt.

Q. What DISTANCE are the cLoUDS from the
EARTH ?

A. Some thin light clouds are elevated
above the highest mountain-top; some
heavy ones touch the steeples, trees, and
even the earth: but the average height
is between one and two miles.

mlg B. Streaky curling clouds, like kair, are often 5 or 6 miles
) Q. Waar clouds are the LowEsT ?

A. Those which are most highly elec-
trified : lightning clouds are rarely more
than about 700 yards above the ground;
and often actually touch the earth with one
of their edges.

Q. What is the s12E of the cLovDs ?

A. Some clouds aré 20 square miles
i surface, and above a mile in



CLOUDS. 183

while others are only a few yards or

inches.

Q. How can persons ascertain the THICKNESS
of a cloud ?

A. As the tops of high mountains are
generally above the clouds, travellers may
pass quite through them into a clear blue
firmament; when the clouds will be seen
beneath their feet.

Q.  What produces the great VARIETY in the
SHAPE of the clouds ?

A. Three things: lst—The cause
and manner of their formation :

2ndly—Their electrical condition : and

8rdly—Their relations to currents of
wind.

Q. How can ELECTRICITY affect the SHAPE of
clouds ?

A. If one cloud be full of electricity
and another not, they will be attracted
to, each other, and either coalesce,—
diminish in size,—or vanish altogether.

Q. WHaT clouds assume the most FANTASTIC
shapes ?

‘A‘.__'];_ho'ée thgt are the most highly

N
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Q. What effect have WINDS on the SHAPE of
clouds ?

A. They sometimes absorb them en-
tirely : sometimes tncrease their volume
and density ; and sometimes change the
position of their parts.

Q. How can winds ABsoRB clouds altogether ?

A. Warm dry winds will convert the
substance of clouds into tnvistble vapour,
which they will carry away in their own

current.
Q. How can winds INCREASE the bulk and

density of clouds ?

A. Cold currents of wind will con-
dense the invistble vapour of the air, and
add it to the clouds with which they come

in contact.
Q. How can winds CHANGE the SHAPE of
clouds, by altering the position of their parts ?

A. Clouds are so voluble and light,
that every breath of wind changes the

position of their ves'cicles or bubbles.
Q. What are the general coLoURs of the clouds ?

A. White and grey, when the sun 1s
above the horizon : but,red, orange, and
yellow, at sun-rise, and “sun-set. ,

The blue sky is not cloud at all.
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Q. Why are the LAST clouds of evening gener-
ally of a BRED tinge ?

A. Because the red rays, being less
refrangible than the yellow or blue rays,
remain lougest in sight, as the surface of
the earth turns away from the sun.

Every beam of light is composed of thres coloured , blue,
yellow, and red. As the beam passes through the atmosphere A,
these are separated from each other. The blue being drawn most
down, the yellow next, and thered least.  As the earth with' its
clouds and atmosphere turn round the pole P, in the direction-
A CD; any given cloud would pass first under; the blue rays at
B, then the yellow rays at Y, and then the red rays at R; and be
tinged by their respective colours. ~An observer glaeed at E, just
a8 he was turning into darkmess towards C, would see the clonds
tinged red at R, resting upon the western horizon.

‘Q.  Why are the EARLY morning clouds gene-
rally RED ? ,

A. Because the red rays, being less
refrangible than the yellow or blue rays,
come soonest into'sight, as the surface of
the earth turns into daylight. N 2
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Suppose the earth to be turnmg in the direction DCA. Then
any given cloud would come first into the Jight of the red rays B,
and the observer at E would see it so tinged on the eastern horizon,
just as he was coming into daylight.

Q. What is the cause of MORNING TWILIGHT ?

A. Some of the rays of light which
strike the top of the atmosphere, are
bent down while the sun is still invisible
beneath the horizon.

Q.  What i3 the cause of EVENING TWILIGHT ?

A. Some of the rays of light which
strike the top of the atmosphere are bent
down, when the sun has sunk out of sight
beneath the horizon.

Q. Why is not the colour of clouds always
ALIKE?

A. Because the condition of the
atmosphere 13 continually varying, as also
the size, density, and relative position of,
the clouds with regard to the sun: so
that sometimes one colour is reﬂected
and sometimes another.

Q. What regulates the MoTION of the clouds ?

A. Principally the winds ; but some-

times electricity will mﬁpence their motlon
also.
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Q. How do you know that clouds move by
OTHER influences besides wiND ?

A. Because (in calm weather) we
often see small clouds meeting each other
from opposite directions.

Q. How do you lkrow that ELECTRICITY
affects the motions of the clouds ?

A. Because clouds often meet from
opposite directions ; and, having dis-
charged their opposite electricities into
each other, vanish altogether.

Q. Into how many cLASSES are the different
sorts of clouds generally divided ?

A. Into three classes :—viz. Simple,
Intermediate, and Compound.

Q. How are sIMPLE clouds sub-divided ?

A. Into 1.—Cirrus; 2.—Cum'ulus;
and 3.—Stra’tus clouds.

Q.  What sort of clouds are called cIRRUS ?

A. Clouds like fibres, loose hair, or
thin streaks, are called ¢ cirrus clouds.”

- Q.  Why are these clouds called cIRRUS ?
“"A. From the Latin word cirrus (“a
Yock of hair, or curl”): Cirrus clouds are
the most elevated of all.

N 3
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Q. What do cirrus clouds PORTEND ?

A. Fine weather. Whenever cirrus
clouds appear, there is but little moisture
in the air, and this is only slowly con-
densed in the higher regions of the
atmosphere.

Q. What sort of clouds are called cum’vLus ?

A. Cum'ulus clouds are lumps, like
great sugar-loaves,—volumes of smoke,—
or mountains towertng over mountains.

Q. Why are these monster masses called
cuM'uLUs clouds?

A. From the Latin word cum'ulus
(““ 2 mass or pile”).

Q. What do cuM'uLUS clouds FORESHOW ?

A. When these piles of cloud are
fleecy, and sail against the wind, they
indicate rain; but when their outline is
very hard, and they come up with the
wind, they foretell fine weather.

Cum‘ulus clouds should be smaller towards evening than they
are at noon. If they increase in size at sun-set, a thunder-storm
may be expected in the night.

Q. What sort of clouds are called sTRA'TUS ?
A. Creeping mists, especially preva-
lent in & summer’s evening : these clouds
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rise at sun-set in low damp places; and
are glways nearer the earth, than any
other sort of cloud.

Q. Why are these mists called sTRATUS clouds ?

A. From the Latin word stra'tus
(““laid low,” or “ that which lies low”).

Q. What produces cirrus clouds ?

A. Moisture in a visible form, de-
posited in the higher regions of the
atmosphere from ascending currents of
heated air.

Q.  What produces coMuLUs clouds ?

A. Masses of visible vapour passing
from the places where they were formed,
to other places where they are about
to be either dissolved, or deposited as
falling rain.

Q. What produces sTRATUS clouds ?

A. Beds of visible moisture, formed
by some chilling effects, acting along the
direct surface of the earth.

Q. How are the INTERMEDIATE clouds sub-
divided ?

A. Into two sorts. 1.—The Cirro-
Cum'ulus; and R.—The Cirro-Stra‘tus.
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Q. What are 6IRRO-CUM'ULUS CLOUDS ?

A. Cirro-Cum'ulus clouds are cirrus
clouds springing from a massy centre;
or heavy masses, edged with long streaks
generally called “ mares’ tails.”

A system of small round clouds may be called cirro-cum‘ulus.

Q. What do c1rRRo-cuM ULUS clouds generally
FOREBODE ?

A. Continued drought, or hot dry

weather.
Q. What are c1RRO-STRA'TUS CLOUDS ?

A. They compose what is generally
called a ‘““mackarel sky.” This class of
clouds invariably indicates rain and wind ;
hence the proverb—

« Mackarels’ scales and mares’ tails
Make lofty ships to carry low sails.”

Q. What produce cirro-com'vLus clouds

A. Cum'ulus clouds dissolving away
into cirrus produce the intermediate class,
called c1RRO-CUM'ULUS.

Q. What produce c1RRO-STRA'TUS clouds ?

A. Cirrus clouds accumulating into
denser masses produce the intermediate
class, called CIRRO-STRATUS.

Q. How are coMpouNDrelouds sub-divided ?
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A. Compound clouds are sub-divided
into 2 sorts. 1.—The Cum'ulo-Stra‘tus;
and 2.—The Nimbus clouds.

Q. What i meant by cUM'ULO-BTRA'TUS
clouds ?

A. Those clouds, which assume all
sorts of gigantic forms; such as vast
towers and rocks,—huge whales and
dragons,—scenes of battle,—and cloudy
giants. This class of clouds is the most
romantic and strange of all.

Q. What do the cuMuLo-STRA'TUS clouds
FORETELL ?

A. A change of weather ; either from
fine to rain, or from rain to fine.

Q. What are NIMBUS clouds ?

A. All clouds from which rain falls.
Nimbus is the Latin word for “clouds
which bring a storm.”

Q. By what particular character may the
NIMBUS (or rain-cloud ) be at once distinguished ?

A. By the want of a defined outline :
Its edge 1s gradually shaded off from the
deep grey mass into transparency.

Q. What APPEARANCE takes place in the
clouds, at the approach of naIN ?
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A. The cum'ulus cloud becomes sta-
tionary, and cirrus streaks settle upon 1t,
forming cum'ulo-stra'tus clouds; black
at first, but afterwards of a grey colour.

Q. Why do clouds gather round MOUNTAIN
TOPS ?

A. Because the air (being chilled by
the cold mountain tops) deposits its
vapour there, in a vistble form or cloud.

Q. Wahat are the UsEs of cLoUDS?

A. 1st—They act as screems, to
arrest the radiation of heat from the
earth ;

2ndly—They temper the heat of the
sun’s rays ; and

8rdly—They are the great store-houses
of rain.

“Radiation of heat,” i. e. the escape of heat, when no condue-
for carries it away.

Q. Whyis WIND said to BLOW UP the clouds P

A. Because a dry warm wind (which
has travelled over seas) having absorbed
a large quantity of moisture, deposits
some of 1t in the vistble form of clouds,
as soon as it reaches ascolder region of
air.
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Q. Why does WIND sometimes DRIVE AWAY
the clouds ?

A. Because it has travelled over dry
climes or thirsty deserts, and become so
dry, that it absorbs vapour from the
clouds, and causes them to disappear.

Q.  What is the cAUSE of a RED sunset ?

A. The vapour of the air not being
actually condensed into clouds, but only on
the point of being condensed.

Q. Why is a RED sunset an indication of a
FINE DAY to-morrow ?

A. Because the vapours of the earth
are not condensed into clouds, even by the
cold of sunset. Our Lord referred to
this prognostic in the following words :
“ When it is evening ye say it will be
fair weather, for the sky is red.”

(Mat. xvi. 2.)
Q. What is the cause of a coppery YELLOW
SUN-S8ET ?

A. The vapour of the air being
actually condensed into clouds.

Q. Why do vapours (ot actually condensed),

refract RED rays, while condensed vapour refracts
yellow ?
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A. Because the beams of light meet
with very little resistance; in consequence
of which, those rays are bent down to the
eye, which require the least refraction,
such as red.

See figure on p. 185, where it is evident that the red ray A R,
is less bent, than the yellow and blue rays, A Y, A B,

Q. Why do CONDENSED vapours refract
YELLOW rays, whereas vapours not actually con-
densed refract red ?

A. Because the beams of light meet
with more resistance fromthe condensed va-
pour; in consequence of which,thoserays
are bent down to the eye, which are more
refracted than the red, such as yellow.

See figure ou p. 135, where it is evident that the yellow ray
A'Y, is more bent than the red ray, A R.

Q. Why is a YELLOW BUN-8ET an indication
of WET?
A. Because it shows that the vapours

of the air are already condensed into clouds ;
rain, therefore, may be shortly expected.

Q. What s the cause of @ RED SUN-RISE ?

A. Vapour in the wpper region of the
air just on the point of being condensed.
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Q. Whymay ared andlowering sky at morning
be an indication of approaching raIN ?

A. Because the density of the air is
due to an excess of vapour at the point
of condensation ; hence our Lord’s obser-
vation, ‘‘ In the morning ye say, it will be
foul weather to-day, for the sky is red

and lowering.” (Matt. xvi., 8.)

Professor Forbes has seen red light in the jet of steam issuing
from the valve of a locomotive, where it is just becoming visible
from cond tion. Professor Griffiths states, that the red and
Jowering morning sky, which indicates foul weather, probably
depends upon excess of vapour in the atmosphere : but as a general
rule, dry air is less transparent than moist, and red rays have more
power to pierce throug‘t‘m a demse atmosphere: hence the sun is
red at rising or setting, or in a fog.

Q. Why is a grey sun-rise often indicative of
a FINE day ?

A. Because at the instant of sun-rise
the higher regions of the air are compar-
atively free from moisture, and feeble
white light can pass through.

Grey is only white in a diluted state.
Q. Why is a yellow tint in the sky indicative
of the approach of wet?

A. Because it shows that the air is
moist. Moist air is more transparent
than dry, and allows yellow rays, which
have less momentum than red, to pass
through as well.

o]
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Q. What difference (in the state of the air)
8 required to make a GREY and RED sun-rise ?

A. In a grey sun-rise, the air is
sufficiently clear to allow the three
coloured rays to pass with a feeble degree
of intensity. In a red sun-rise, the air
i8 so dense that it stops all but the red
rays. Hence the proverb—

*“Evening red and morning grey,
Will set the traveller on his wqy;
But evening grey and morning red,
'Will bring down rain upon his head.”

Q. Why is the sky BLUE?

A. Because the weak blue rays, which
are reflected wupwards from the earth,
cannot get through the air, and are
therefore sent down again.

It is, properly, the air which is blue. Hence the sky becomes
of a deeper colour, as we ascend high mountains.

Q. The proverb says, “A rainbow in the
MORNING 18 the shepherd’s warning :” Why is it so ?

A. Because a morning rainbow must
be always in the west; and indicates,
that bad weather is on the road to us.

Q. Why must a MORNING rainbow be always
in the west?

. . .
A. Because the sun is in the east ;
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and a rainbow can be formed only when
the rainy clouds are opposite to the sun.

Q. Why does a rainbow in the WEST indicate
that BAD WEATHER 18 on the road to us ?

A. Because our heavy rains are
usually brought by west or south-west
winds; and clouds which reflect the
colour of the rammbow in the west, must

be coming up with the wind.
This will not be true if the wind be easterly.

Q.  The proverb says, ‘ A RAINBOW at NIGHT,
18 the shepherd's delight :” Why s it so ?

A. Because a rainbow at night is in
the east ; and indicates, that bad weather
18 leaving us.

Q. Why must a rainbow at N1GHT be always
tn the EAstT?

A. Because the sun is in the west ;
and a rainbow can be formed only when
the rainy clouds are opposite to the sun.

Q. Why does a rainbow in the EasT indicats
that bad weather i8 LEAVING us !

A. Because our rain is generally
brought by west and south-west winds;
when, therefore, the clouds (which reflect
the rainbow) have been driven from the

o2
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west to the east, it is a plain proof that
they have already passed over us, and
are going away.

This will not be true if the wind be easterly.

Q. What is meant by an AURORA BORFA'LIS,
or northern light ?

A. A luminous appearance in the north
of the sky at night-time. Sometimes
streaks of blue, purple, green, red, &c.,
and sometimes flashes of light are seen.

As these streams of light have a tremulous motion, they are
called in the Shetland Isles, “ Merry dancers.”

Q.  Describe the appearance of the Aurora
Borealis, visible in England on the night of Nov.
17th, 1848.

A. The sky overhead seemed in
flames, and bands of various colours rose
from the horizon to the North Star,
forming a luminous arch. This magnifi-
cent apppearance lasted from 7 till 10
o'clock at night.

Q.  Is this the usual appearance of the Aurora
Borealis in our island ?

A. No. It is geneyally a luminous
white band on the top of a pitchy dark
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cloud,—low down in the horizon,—and
running from east to west of the due
north.

Q. What is the cause of the AURORA BOREA'-
L18, or northern light ?

A. The passage of electricity through
the higher regions of the atmosphere.

Q. Why are there DIFFERENT COLORS in the
Aurora Borea'lis, such as white, yellow, red, and
purple?

A. Because the electric fluid passes
through air of different densities. The
most rarefied air produces a white light ;
the most dry air, red; and the most
damp produces yellow streaks.

Q.  Is the Aurora Borea'lis ever accompanied
by sound ?

A. Yes, it is frequently accompanied
by sounds resemblmg hissing, murmur-
ing, rumbling or crackling.

When its coruscations are very bright, unsettled weather
generally follows; but in 1848 and 1849, brilliant displays of the
Aurora Borea'lis were followed by very fine weather.

Q. Why does a HAZE round the sUN indicate
RAIN?

A. Because the haze is caysed by very
Jfine rain, suspendld in the upper regions of
o3
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the air : when this is the case, @ rain of
5 or 6 hours’ duration may be expected.

Q. Why is a HALO round the MOON a sure
indication of RAIN ?

A. Because it is caused by fine rain,
suspended in the upper regions of the air.
The larger the halo, the nearer the rain-
clouds, and the sooner may rain be
expected.

Q. What 1s the cause of a BLACK MIST: and
why does it bring WET weather ?

A. The mist is black, because it is
overshadowed by dense clouds; and wet
weather may be expected, because the
air 18 saturated with vapour.

Q. Why is MisT sometimes WHITE : and why
does a white mist indicate FINE weather ?

A. The mist 1s white, because no
clouds blacken it with their shadow ; and
fine weather may be expected, because the
sky is cloudless.

Q. Why do we feel almost SUFFOCATED in a
hot cloudy night ?

A. Because the hgat of the earth
cannot escape into the upper region of
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the air; but is pent-in by the clouds,
and confined to the surface of the earth.

Q. Why do we feel sPRIGHTLY in a clear
bright night

A. Because the heat of the earth can
readily escape into the upper regions of
the air, and is not confined or pent-in
by thick clouds.

Q. Why do we feel DEPRESSED in BPIRITS
on a WET murky DAY ?

A. lst—Because the air is laden
with vapour, and has (proportionally) less
oxygen.

Rndly—The air being lighter than
usual, does not balance the air in our
body : and

3rdly—Moist air has a tendency to
depress the nervous system.

Q. What is meant by the “ air balancing the
atr in our body P"

A. The human body contains air of &
given density; if, therefore, we ascend into
rarer air, or descend into denser, the bal-
ance 1s destroyed, and we feel oppressed.

Q.  Why do we feel UNCOMFORTABLE, if the air
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around 13 not of the SAME DENSITY, as that in our
body ?

A. Because if the air be more dense
than our body, it will produce a feeling
of oppression: if it be less dense, the
air in our body will produce a feehng of
distension.

Q.  Why do persons, who ASCEND in BALLOONS,
Jeel PAIN in their eyes, ears, and chest ?

A. DBecause the air in the upper
regions of the atmosphere 1s more rare
than the air in their bodies; and (till
equilibrium 1s restored) pain will be felt in
the more sensitive parts of the body.

More especially in the tympanum of the ear.

Q.  Why do persons, who DESCEND in DIVING-
BELLS, FEEL PAIN in their eyes, ears, and chest P

A. Because the air in the diving-bell
is compressed by the upward pressure of
the water; in consequence of which,
great pain is felt in the more sensitive
parts of the body.

The pressure thus caused is sometimes sufficient to rupfure the
membrane of the tympanum, and produce incurable deafﬁm

Q. Why are PEARL DIVERS very frequently
DEAF?
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A. Because the pressure of the water
against the tympanum of their ears
ruptures the membrane; and this rup-
ture produces incurable deafness.

Q. When the white cloud from the chimney

of a steam cngine 13 seen trailing a long distance;
why may RAIN be expected ?

A. Because the air, is unwilling to
absorb any more moisture, and must be
already nearly saturated with it.

Q. A4t what HOUR of the day may this prog-.
nostic of rain be most certainly depended on ?

A. When it i3 seen at about three
in the afternoon, a wet evening 1s almost
sure to follow.

Q.  Which is the more dense, MOIST or DRY air?

A. Dryairis the densest. The weight
of the atmosphere almost always dimin-
1shes as the fall of rain approaches.

Q. When are sounds LOUDEST, in MOIST or in
DRY weather ?
A. All sounds are loudest in dry air,
because it is densest.
The sound of a bell can Le scarcely heard, when it is rune in

the receiver of an air pumf. And the report of a pistol is
scarcely audible. on the top of a high mountain.
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Q. Whydowefeel BRACED and LIGHT-HEARTED
On & FINE $pring or FROSTY morning £

A. 1st—Because there is more oxygen
in'the air on a fine frosty morning, than
on a wet day: and

2ndly—A brisk frosty air has a ten-
dency to brace the powers of the nervous
system.

Q. Why do dogs and cats (confined to a room)
feel LAZY and DROWSY, at the approach of rain ?

A. 1st—Because the air does not
contain its full proportion of oxygen : and

2ndly—The damp depresses the powers
of their nervous system, and makes them
drowsy.

Q. When sHEEP lie under a HEDGE, and seem
unwilling to go to pasture, RAIN i8 at hand : Explain
the reason of this.

A. The damp air relaxes their nervous
system, and they consequently feel list-
less and drowsy.

Q. Why do HORSES neigh, CATTLE low, SHEEP
bleat, and assEs bray, at the approach of rain ?

A. Damp air relaxes their nerves, and,
therefore, they feel languid and uneasy.

Q.  Mention some OTHER animals, which indi-
cate the approach of rain in a similar way.
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A. When pigs squeak, as if in great
pain—frogs croak with a loud hoarse
noise—owls screech-—woodpeckers cry
—peacocks seream-—guinea-fowls squall
—or ducks and geese are unasually
noisy, rain is close at hand.

Q.  Why do caNDLES and FIRES burn with a
BLUER flame in wet weather

A. Because the heat of fire is less
intense : In consequence of which, some
of the carbon is not heated to whiteness.

Unless the carbon be énfensely heated, it will not unite with the
oxygen to form carbonic acid, but will fly off as smoke.

Q. Why do miLLS, dc. appear LARGER in
WET weather ?

A. Because the air is laden with
vapour, which causes the rays of light to
diverge more ; in consequence of which,
they produce on the eye larger images of
objects.

Q. Why do TREES, dc. in WET weather appear
FURTHER off, than they really are P

A. Because the fog or mist diminishes
the light reflected from the object; and
as the object becomes more dim, it seems
to be further off.
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Q. Why do OBIECTs sometimes seem to DANCE
in warm weather, after much rain ?

A. Because the heat makes the fallen
rain evaporate again into the air very
quickly, and the ascending vapour causes
the density of the air near the ground
to vary continually, and as the passage
of the rays of light is affected, a twinkling
or dancing motion is produced on the eye.

Q. Do not DOMESTIC ANIMALS give some in-

dications by which the approach of wet weather may
be knoun ?

A. It is believed that cats and house
dogs feel a cutaneous irritation at the
approach of rain, and offer sensible
evidence of uneasiness.

Virgil and Thompson have made the subject a theme for poetry.
But the imagwation which makes a good poet, does not always
make an accurate teacher of scientific facts.

Q. Why is (he air generally DRIER before noon
and before summer, than it is after noon and after
summer ?

A. Because in the morning and in
the spring, the heat of the air is on the
increase, and is more capable of holding
vapour suspended. Ia the afternoon and
in theautumn it is getting on the decrease,
and is less able to hold vapour suspended.



DOORS SHRINE AND SWELL. 157

Q. When the plants called TREFOIL, DANDE-
LION, PTMPERNEL, d¢. FOLD up their leaves, RAIN i3
always close at hand : Ezplain this.

A. 1st—The cloudy weather dimin-
ishes the light of the sun; and without
the stimulus of sun-light, these flowers
never open their leaves: and

2ndly—The vapour of the damp air,
insinuates itself into the vessels of these
delicate plants, and affects their vital
sensibilities in some unknown way.

All these plants close at sun-set also.

Q. Why do doors SWELL in RAINY weather ?

A. Because the air is filled with’
vapour, which penetrates into the pores
of the wood,—forces the parts further
apart,—and swells the door.

Q. Why do doors SHRINK in DRY weather ?

A. Because moisture s absorbed
Jrom the wood : and, as the particles are
brought closer together, the size of the
door is lessened,—in other words, the
door shrinks.

Q. Why is the AIR filled with offensive SMELLS,
Just previcus to RATNY

A. Because the volatile parts which
P
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rise from dunghills, sewers, &c., are
arrested by the vapour of the air, and
prevented from rising so readily, as when
the sun is shining brightly.

Q. Why do FLOWERS smell SWEETER and
STRONGER, just previous to RAIN ?

A. Because the volatile &;arts which
constitute . the perfume of flowers, are
prevented (by the vapour of the air) from
rising ; in-consequence of which, they are
confined to the lower regions of the

atmosphere,

N. B. Many essential oils and other volatile substances, which
roduce odours in plants, require the presence of muck mossture
¥or their perfect developement,

Q. Why do HORSES and other animals stretch
out their necks, and SNUFF up the AIR, just previous
to a fall of RAIN?

A. Because they smell the odour of
plants and hay, and delight to snuff in
their fragrance.

Q. Why does sMOKE fall, when RAIN is at
hand ?

A. Because the air is less dense,
cannot buoy up the smoke so readily, as
dry and heavy air.
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Q. Why do swALLOWS FLY LOW, when RAIN
ts at hand !

A. Because the insects (of which they
are in pursuit) have fled from the cold
upper regions of the air, to the warm air
near the earth: and as their food s low,
the swallows fly low.

Q. Why do these INSECTS seek the lower
regions of the air in WET weather, more than in
FINE ?

A. Because (in wet weather) the upper
regions of the air are colder than the
lower; and, as insects enjoy warmth,.
they seek it near the earth.

Q. Why does a DOWNWARD current of COLD
AIR bring RAIN?

A. Because it condenses the warm
vapour; which (beingcondensed) descends
in rain. '

Hence rain generally follows a London * pea-soup” fog.

Q.  The proverb says, “A SINGLE MAGPIE in
spring, FOUL WEATHER will bring:" Why s this
the case ?

A. Because in cold stormy weather,
one ‘magpie alone will leave its warm snug
nest in search of food, while the other
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stays with the eggs, or young omes; but
in fine mild weather (when their brood
will not be injured by cold) both the

magpies fly out together,

Q. Why is it UNLUCKY for ANGLERS {0 8¢e @
SINGLE magpie in spring ?

A. Because, when magpies fly abroad
singly, the weather is cold and stormy;
but, when both-birds fly out together, the
weather is warm and mild, which i1s
Javourable for fishing.

Q. Why do sEa-cuLLs fly about the sEa in
FINE weather ?

A. Because they live upon the fishes
which are found near the surface of the
sea in fine weather.

Q. Why may we expect STORMY RAINS, when
SEA-GULLS assemble on the land ?

A. Because the fishes (on which they
live) leave the surface of the sea in stormy
weather, and are beyond the reach of the
sea-gulls ; so they are obliged to feed on
the worms and larve, which come dut of
the ground at such times. '

“Larvee,” little grubs and caterpillars.
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Q. Why do PETRELS fly to the sEA, during a
storm P

A. Because they live upon insects,
which are always to be found in abun-
dance about the spray of swelling waves.

N.B. Petrels are birds of the duck-kind, which live in the open
sea. They run on the top of the waves, and are called Petrels,
from Petrello, an Italian word which means Iiftle Peter, in illusion
to St. Peter’'s walking on the sea to go to Jesus. Our seamen
call them Mother Carey's Chickens. Their presence at sea

presages a storm.

Q. Why do cANDLES and LAMPS SPIRT, when
RAIN 8 at hand ?

A. Because the air is filled with
vapour which penetrates the wick : where
(being formed into steam) it expands
suddenly, and produces a little explosion.

Q. Why does a DROP of WATER sometimes

ROLL along a piece of hot tron, without leaving the
least trace P

A. Because the bottom of the drop is
turned into vapour, and buoys the drop up,
without allowing it to touch the iron.

. WAy does it ROLL?

A. " Because the current of air (which
is always passing over a heated surface)
drives 1t along. *

P3
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Q. ' Why does u LAUNDRESS put a little SALIVA
On a FLAT-IRON, to know if it be hot enough ?

A. Because, when the saliva sticks to
the box, and is evaporated, she knows it
is not sufficiently hot: but, when it runs
along the iron, it is.

Q. Why s the flat-iron HOTTER, if the saliva
RUNS along it, than if it adheres till it is evaporated ?

A." Because, when the saliva runs
along the iron, the heat is sufficient to
convert the bottom of the drop into vapour ;
but, if the saliva will not roll, the iron is
not suﬁicxently hot to convert the bottom
of the drop into vapour.

CHAPTER XII.

4—EVAPORATION.

Q. What is meant by EVAPORATION ?

A. The dissipation of liquid by its
conversion into vapour.

Q. WhaterrECTSare prodwcad by evaporation ?

A. The liquid vaporized absorbs heat
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from the body whence it issues; and the
body, deprived of the liquid by evaporation,
loses heat.

Q. If you WET your FINGER in your mouth,
and hold it up in the air, why does it feel coLp ?

A. . Because the saliva quickly evap-
orates ; and (as it evaporates) absorbs heat
Jrom the finger, making it feel cold.

Q.  If you BATHE your TEMPLES with ether, why
does it allay INFLAMMATION and feverish heat ?

A. Because ether very rapidly evapo-
rates ; and (as it evaporates) absorbs heat
Jrem the burning head, producing a
sensation of cold.

Q.  Whyis ETHER better for this purpose, than
WATER P

A. Because ether requires less heat
to convert 1t into vapour; in consequence
of which, it evaporates more quickly.

N.B. Ether is converted into vapour with 98 deg* of heat:
but water requires 212 deg* of heat to convert it into steam.

Q.  Why does ETHER very greatly RELIEVE a
SCALD 07 BURN?

A. Because it evaporates very rapidly ;
and (as it evaporates) carries off the heat
of the burn. *
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Q. Why do we feel coLp, when we have WET
FEET Or CLOTHES ?

A. Because the moisture of our shoes
or clothes rapidly evaporates; and (as it
evaporates) absorbs heat from our body,
which makes us feel cold.

Q. Why do WET FEET or CLOTHES give us
“coLp ?”

A. Because the evaporation absorbs
heat so abundantly from the surface of
our body, that its temperature is lowered
below its natural standard ; in consequence
of which, health is injured.

Q. Why s it DANGEROUS fo BLEEP in a
DAMP BED ?

A. Because heat is continually ab-
sorbed from the surface of our body, to
convert the damp of the sheets into vapour ;
in consequence of which, our animal heat
is reduced below the healthy standard.

Q. Why is HEALTH INJURED, when the tempe-
rature of the body is REDUCED below its natural
standard ?

A. Because the balance of the circula-
tion is destroyed: Blood is driven away
from the exiernal surface by the chill,
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and thrown upon the internal organs
which are oppressed by this increase
load of blood.

Q. Why do we not feel the same sensation of
cold, if we throw @ MACINTOSH over our WET
CLOTHES ?

. A. Because the macintosh (being air-
tight) prevents evaporation; and (as the
wet cannot evaporate) no heat is absorbed

from our bodies.
Q. Why do not satLors ‘“catch coLp,” who
-are frequently wet all day with sKA-WATER ?

A. 1st—Because the salt of the sea
retards evaporation ; and (as the heat of
their body is drawn off gradually) the
sensation of cold is prevented: and

2ndly—The salt of the sea acts as a
stimulant, and keeps the blood circulating

1n the skin.

" Q. Why does SPRINKLING @& HOT ROOM with
waler COOL it ?

A. Because the heat of the room
causes a raptd evaporation of the sprinkled
water: and as the water evaporates, it
absorbs heat from the room, which cools it.

Q. Why does WATERING the STREETS and
roads CooL them ?
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A. Because they part with their heat,
to promote the evaporation of the water
sprinkled on them.

Q.  Why does a SHOWER of RAIN COOL the AIR
tn summer-time ?

A. Because the wet earth parts with
its heat to promote evaporation ; and when
the earth 18 cooled, it cools the air also.

Q. Why is LINEN DRIED by being exposed to
the wiND P

A. Because the wind accelerates evap-
oration, by removing the vapour from the
surface of the wet linen, as fast as it is
formed.

Q. Why i3 LINEN DRIED 8coner in the open
AIR, than in a confined room ?

A. Because the particles of vapour
are more rapidly removed from the
surface of the linen, which increases the
evaporation.

Q. Why are wrr summers generally succeeded
by coLp winters ?

A. DBecause the great evaporatien
(carried on through the wet summer)
reduces the temperature of the earth
lower than usual, and produces cold.
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Q. Why is England WARMER than it used to
be, when AGUES were common P .

A. Because it is better drained, and
better cultivated.

Q.  Why does DRAINING land promote WARMTH ?

A. Because it diminishes evaporation ;
in- consequence of which, less heat is
abstracted from the earth.

Q. Why does CULTIVATION increase the
WARMTH of a country?

A. 1st—Because hedges and belts of
trees are multiplied :

2ndly—The land is better drained: and

3rdly—The vast forests are cut down.

Q. Why do HEDGES and BELTS of TREES
promote WARMTH ?

A. Because they retard evaporation,
by keeping off the wind.

Q. If belts of trees promote WARMTH, why do
FORESTS produce cOLD ?

A. lst—Because they detain and
condense the passing clouds :

®ndly—They prevent the access of
both wind and sun

8rdly—The soil of forests is always
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covered with long damp grass, rotting
leaves, and thick brushwood : and
4thly—In every forest there are always
many hollows full of stagnant water.

Q. Why do LoNG GRASS and ROTTING LEAVES
promote coLD?

A. Because they are always damp ;
and the evaporation which they promote,
is constantly absorbing heat from the
earth beneath.

Q. Why are France and Germany WARMER
now, than when the vine would not ripen there ?

A. Chiefly because their vast forests
have been cut down ; and the soil is better
drained and cultivated.

Q. What becomes of the WATER of PONDS and
TUBS in summer-time ?

A. Ponds and tubs are often left dry
in summer-time, because their water is
evaporated by the air.

Q. How is this EVAPORATION PRODUCED and
carried on ?

A. The heat of the air changes the
surface of the water<into vapour, which
(blending with the air) is soon wafted
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away ; and this, prbcess is repeated, till
the pond or tub is left quite dry.

Q. Why are the WHEELS of some machines
kept constantly WET with WATER ?

A. To carry off (by evaporation) the
‘heat which arises from the rapid motion
of the wheels.

Q.  Why is mould HARDENED by the suN ?

A. Because the moisture of the
mould is exhaled by evaporation; and,
as the earthy particles are brought closer
together, the mass becomes more solid.

Q. Show the wispom of Gop in this
arrangement.

A. If the soil did not become crusty
and hard in dry weather, the heat and
drought would penetrate the sotl, and klll
both seeds and roots.

Q. Why is TEA cooled FASTER in a BAUCER
than tn a cup ?

" A. Because evaporation s increased

by increasing the surface; and, as tea in

8 saucer presents a larger surface to the
Q
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ir, its heat is more rapidly carried -off
by evaporation.

The subject of “convection” will be treated of in a future
chapter : it would scarcely be understood in thie place. See p.238.

Q. Why is not the VAPOUR of the SEA SALT?

A. Because the salt of the sea-water
is always left behind, in the process of
evaporation.

Q. What is that WHITE CRUST, which appears
(in hot weather) upon cLOTHES wetted by sea-water ?

A. Dry salt, left on the clothes after
the water has evaporated.

Q. Why does this wWHITE CRUST always DIs-
APPEAR in WET weather ?

A. Because the moisture of the air
dissolves the salt; in consequence of
which, it is no longer visible.

Q.  Why should Not persons, who take violent
exercise, wear very THICK CLOTHING ?

A. Because it prevents perspiration
from evaporating. When the heat of the
body is increased by exercise, perspiration
reduces it again (by evaporation) to a
healthystandard : as thick clothing prevents
this evaporation, it is injurious to health.
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CHAPTER XIIL

COMMUNICATION OF HEAT.

1.—CONDUCTION.

Q. How is heat COMMUNICATED from ons
body to anothet ?

A. 1.—By Conduction. 2.—By Ab-
gorption. 3.—By Reflection. 4.—By
Radiation. And 5.—By Convection.

Q. What s meant by coNDUCTION of heat P

A. Heat communicated from one
body to another by actual contact.

Q. Why does not a piecE of woop (blazing
at oNE end) feel HOT at the OTHER ?

A. Because wood is so bad a conduc-
tor, that heat does not traverse freely
through it: hence, though one end of
a stick be blazing, the other end may be
quite cold.

Q. Why do some things feel cOLDER, than
others P

A. Principally because they are better
Q R
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conductors ; and draw off heat from our
body much faster.

Q. What are the Brst conductors of heat ?

A. Dense solid bodies, such as metal
and stone.

Q. Which metals are the most RAPID CON-
DUCTORS of heat ?

A. The best conductors of heat are
1—gold, 2—silver, 3—copper :

The mext Lest are, 4—platinum, 5—
iron, 6—zine, 7—tin: Lead is a very
inferior conductor to any of the preceding
metals,

Q. What are the worst conductors of heat ?

A. All light and porous bodies; such
as hair, fur, wool, charcoal, and so on.

Two of the worst conductors known are hare's fur and eider
down ;—the two next worst are beaver's fur and raw silk ;—then
wood and lamp-black ;—then cotton and fine lint ;—then charcoal,
wood ashes, &c.

Q. Why are cooking vessels often furnished
with WOODEN HANDLES ?

A. Because wood is mot a good
conductor, like metal; and, therefore,
wooden handles prevent the heat of the
vessel from rushing irto our hands, to
burn them.
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Q. Why is the HANDLE of & METAL TEAPOT
made of woop ?

A. Because wood is a bad conductor ;
therefore, the heat of boiling water is
not so quickly conveyed to our hand by a
wooden handle, as by one made of metal.

Q. Why would a metal handle BURN the
HAND of the tea-maker ?

A. Because metal is an excellent
conductor ; therefore, the heat of boiling
water would pass so quickly into the
metal handle, as to burn the hand.

Q. Prove that a metal handle would be
HOTTER, than a WOODEN one.

A. If we touch the metal collar into
which a wooden handle is fixed, we
shall find that the wooden handle” feels
cold, but the metal collar intensely hot.

Q. Why do persons use paper or woollen
KETTLE-HOLDERS ?

A. Because paper and woollen are
both very bad conductors of heat; in
consequence of which, the heat of the
kettle does not readzly pass through them
to the hand.

Q3
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Q. Does the heat of a boiling kettle NEVER
- get through the woollen or paper kettle-holder ?

- A.  Yes; but though the kettle-holder
became as hot as the kettle itself, it
would never feel so hot.

Q. Why would not the kettle-holder FELL so
hot as the kettle, when both are of the same
temperature P

A. Because it is a very bad conductor,
and disposes of its heat too slowly to be
perceptible ; but metal (being an excellent
conductor) disposes of its heat so quickly,
that the sudden influx is painful.

Q. Why does HOT METAL feel MORE in-
tensely warm, than HOT WoOL ?

A. Because metal gives out a much
greater quantity of heat in the same space
of time; and the influx of heat is, con-

sequently, more perceptible.
Q. Why does MONEY in our pocket feel very
HOT, when we stand before a FIRE ?

A. Because metal is an excellent
conductor, and becomes rapidly heated :
For the same reason, it becomes rapidly
cold, whenever 1t comes in contact with
a substance colder than ‘itself.
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Q. Why does a PUMP-HANDLE feel mtemely
COLD % WINTER?

A. Because it is an excellent conduc-
tor, and draws off heat from the hand
so rapidly, that the sudden loss pro-
duces a sensation of intense coldness.

Q. Is the 1rON handle of the pump really
COLDER, than the WOODEN pump itself ?

A. No; every inanimate substance
(exposed to the same temperature) pos-
sesses 1n reality the same Segree of heat.

Q. Why does the 1rRoN handle seem 8o MUCH
OOLDER, than the WOODEN pump ?

A. Merely because iron ts a better
conductor ; and, therefore, draws off heat
from the hand more rapidly than woed.

Q.  Why does a sTONE or marble HEARTH feel
to the fest COLDER, than a carpet or hearth-rug ?

A. Because stone and marble are good
conductors ; but woollen carpets and
hearth-rugs are very bad conductors.

Q. How does the sToNE hearth make our
Jeet coLp ?

A. As soon as the hearth-stone haa
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absorbed a portion of heat from our foot,
it instantly disposes of it, and calls for a
Jresh supply ; till the hearth-stone has
become of the same temperature, as the
foot placed upon it.

Q. Do not the woollen cARPET and HEARTH-
RUG conduct heat from the human body ?

A. Yes; but being very bad conduc-
tors, they convey heat away so slowly,

that 1its loss is scarcely perceptible.
Q. Is the coLD HEARTH-STONE in reality of
the SAME temperature, as the WARM CARPET ?

A. Yes; every thing in the room is
really of one temperature ; but some things
Jeel colder than others, because they are
better conductors.

Q. How 1oNG will a hearth-stone feel cold to
the feet resting on it ?

A. Till the feet and the hearth-stone
are both of the same temperature ; and
then the sensation of cold in the hearth-
stone will go off.

Q. Why would not the BHEARTH-STONE feel
OOLD, when it is of the SAME temperatire ag our
Jeet 2 - .

A. Because heat would no longer
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pass from our feet into the hearth-stone,
in order to produce equilibrium.

Q. Why does a HEARTH-STONE (when the
fire is lighted ) feel HOTTER than the HEARTH-RUG ?

A. Because the hearth-stone is an
excellent conductor, and part with its heat
very readily ; but the woollen hearth-rug
(being a bad conductor) parts with its

heat very reluctantly.
Q. Why does parting with heat RAPIDLY make
a HEARTH-STONE feel WARM ?

A. Because the rapid influx of heat
raises the temperature of our body so
suddenly, that we cannot help percetving
the increase.

Q. Why does the non-conducting power of
6 HEARTH-RUG prevent its feeling so HoT, as it
really is ?

A. Because it parts with its heat so
slowly and gradually, that we scarcely
percewe its transmission into our feet.

Q.  When we plunge our HARDS into a basin of
WATER, why does it produce a sensation of cold ?

A. Because water is a better conductor
than air; and, as it draws off heat from
our hands more rapidly, it feels colder.
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Q. Why does the CONDUCTING power of water
make it feel COLDER, than AIR?
- A. Because it abstracts heat from
our hands so rapidly, that we feel its
loss; but the air abstracts heat so very
slowly, that its gradual loss ts hardly
perceptible.

Q. Is water a coop conductor of heat ?

A. No; liquids are generally bad
conductors of heat; but yet water is a
much better conductor than air.

chksﬂver, which is a flaid, is a good conductor of hent,
because it is metallic.

Q. Why is WATER a BETIER conductor of
heatythan A1R?

A. Because it is more demse: The
conducting power of any substance de-
pends upon its solidity, or the closeness
of its particles.

Q. How do you know, that WATER 18 NOT a
GooD conductor of heat ?

A. Because it may be made to boil
at its surface, without imparting sufficient
heat to melt ice a short distance below the
surface. ¢

Q. Why are not liquids Goop conductors of
heat ?
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A. Because the heat (which should
be transmitted) produces evaporation, and
Jles off in the vapour.

Q. Why does a POKER (resting on a fender)
JSeel COLDER than the HEARTH-RUG, which 18 further

off the fire ?

A. Because the poker is an excellent
conductor, and draws heat from our hand
much more rapidly than the woollen
hmh&ug, which is a very bad con-

though  both, therefor, are
ually warm, the paker seems to be the
colder (See also,p 188) .

Qs Why are BOP BRICKS (wrapped in EWh)
employed in cold weather to keep the feet warm ?

A. Because bricks are bad conductors
of heat, and cloth or flannel sttll worse :
in consequence of which, a hot brick,
(wrapped in flannel) will retain its heat a
very long time.

Q. Why is a tin pan (filled with HOT WATER)
employed as @ FOOT WARMER ?

A. Becuuse polished tin (being a bad
radiator of heat) keeps hot a very long time
and warms the feet resting upon it.
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Q. What is meant by being a “bad RADIATOR
of heat 7"

A. To radiate heat is to throw off
heat by rajs, as the sun; a polished tin
pan does not throw off the heat of boiling
water from its surface, but keeps it in.

© Q. Why are tin foot-warmers covered- with
FLANNEL ?

'Q. What duadvanthﬁ would it be,~vy the
POLISH of the tin wére injured P

A. If the tin foot-warmer were to
lose its polish, it would get cold in & much
shorter time.

Q. Why would a tin foot-warmer get coLD
SOONER, 1f $t8 POLISH wers INJURED !

A. Because polished tin throws off
heat very slowly; but dull, scratched,
painted, or dirty tin, throws oﬁ” heat very
quickly.
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Q. Why are furnaces and stoves (where much
HEAT 8 required) built of POROUS BRICKS ?

A. Because bricks are bad conductors,
and prevent the escape of heat; in conse-
quence of which, they are employed
where great heat is required.

Q. Why are FURNACE DOORS, dc. frequently
covered with a and SAND ?

A. Beca aste is a very bad

Tn excellen¥ donductor, and rapidly

communicates heat to the air aroun
Q. Why does the Bible say, that Gon
« giveth snow like wooL ?”

A. Because snow (being a very bad
conductor of heat) protects vegetables
and seeds from the frost and cold.

Q. How does the non-conducting power of:
SNOW PROTECT VEGETABLES from the frost and cold ?

A. It prevemts the heat of the earth
from being drawn off by the cold air,
which rests upon it.
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Q. Why are wooLLEN8 and ¥URS used for
clothing in cold weather ?

A. Because tifey are very bad con-
ductors of heat: and, therefore, prevent
the warmth of our body from being drawn

off by the cold air.
Q. Do not woollens and furs actually IMPART
heat to the body ?

A. No; they merely prevent the heat
of the body from escaping.

Q. Where would the luatnsmpr.to gfnuf
body were #or wrapped ik wool or fur?

A. ‘Into the air; for éold air (commg
in centact with ouf body), would gradu-
ally¥raw away its heat, till both wese of
the same temperature.

Q. What s the principal USE of OLOTHING
in winter-time ?

A. 1st—To prevent animal heat from
escaping too freely : and

Andly—To protect our body from the
external air (or wind), which would carry
away its heat too rapidly.

Q. Why are beasts oovercd with FUR, HAIR,
or woov P

A. Because fur, hair, and wool, are
very slow conductors of heat -
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dumb animals ecannot be clad, like human
beings) God has given them a robe of
hair or wool, to keep them warm.

Q. Why are birds covered with DOWN or
FEATHERS ?

A. Because down and feathers are
very bad conductors of heat; and (as
birds cannot be clad, like human beings)
God has given them a robe of feathers,
to keep them warm.

Q. Show how the goodness of God is mani-
fested, even in the clothing of BIRDS and "BEASTS.

A. Small birds, which are the most
delicate, have .a thicker covering, of
feathers, than those which are larger and
more hardy; and beasts which live in
the cold regions of the frigid zones have
thicker, coarser, and warmer coats, than
those which dwell in the tropical heat.

Q. Why are rumrs, HAIR, and FEATHERS,
such sLow conductors of heat®

A. Because a great quamtity of-air-
lurks entangled betweer their fibres; and
air 18 8 very bad conductor of heat.

The warmest clothing is tHat which fits the body very looo:lhy
in every part except al the exfremitics : beoause more hot
will b‘;‘e&’nﬁned by & Joose garment, than by one which fits the



184 CONDUCTION.

Q. If AR be a BAD conductor of heat, why
should we not feel as warm WITHOUT clothing, as
when wrapped in wool and fur ?

A. Because the air is never at rest;
and every fresh particle which comes in
contact with our body, carries off a fresh

portion of heat.
Q. Does the AIR, which surrounds a naked
body, become (by contact) as WARM as the BODY itself £

A. It would do so if it remained
motionless ; but, as it remains only a very
short time, 1t absorbs as much heat as it

can in the time, and passes on.
Q. Why do we feel COLDER in WINDY
WEATHER, than in a caLM day P

A. Because the particles of air pass
over us more rapidly ; and every fresh
particle takes from us some portion of

heat.

'I}m effect will be greatly influenced by the temperature of the
wind.

Q. Show the wisdom of God in making AIR
a BAD conductor.

A. If air were a good conductor (like
iron and stone) heat would be drawn so
rapidly from our bodysthat we should be
chilled to death. Similar evils would be
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felt also by all the animal and vegetable
world.

Q. Does HOT air give heat as slowly to our
body, as coLD air takes it away ?

A. Yes. A man may go into air of
the temperature of 800°, without having
the heat of his body raised more than
two or three degrees. ,

Workmen enter ovens, in the manufacture of moulds of
plaster of Paris, in which the thermometer stands 100° higher
than the temperature of boiling water, and take no harm. 0
precaution must be taken, to have no metal in contact with the
person; a gentleman who once entered a hot air oven with
spectacles on, was severely burnt ; the metal frame became rapidly
;gmted, being & good conductor, and communicated the heat to

s nose. .

Q. Could as high a temperaturs be borne,
when the AIR 18 in MOTION ?

A. No. The effect of the heated air
becomes more intense when it is in motion,
because fresh portions are then continu-
ally applied to the surface of our body.

Q.  Can all bodies be touched without inconve-
nience, when their temperature is as high as 300° ?

A. No. Metals cause pain when their
temperature is 120°; water scalds when
its temperature is 150°.

Q.  Why does FANNING one's fuce in summer
make 1t cOOL ? .

R3 -
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A. Because the fan puts the air in
motion, and makes it pass more rapidly
over one's face; and (as the temperature
of the air is always lower than that of
the human face) each puff of air carries
off some portion of its heat.

Q. Does rANNING make the air tiself cooler ?

A. No: fanning makes the air hotter
and hotter.

Q. How does FANNING one’s ﬁzce tncrease the
BEAT of the air ?

A. By driving the air more rapidly
over the human body; and causing it
to absorb more heat.

Q. If fanning makes the air HOTTER, why
can it make a person feel COOLER ?

A. Because it takes heat out of the
Jace, and gives it to the air.

Q.  Why is broth cooLED by BLOWING it ?

A. Because the breath causes a rapid
change of air to pass over the broth; and
(as the air is colder than the broth) it
continually absorbs heat from it, and
makes it cooler and cooler.

Q. Would not the air absorb heat from broth
Just as well WITHOUT BLOWING ? :
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A. No; air i3 a very bad conductor ;
unless, therefore, the change be rapid,
that portion of air nearest the surface of
the broth would soon become as hot as

the broth itself.
" Q. Would not hot air PART with its heat
instantly to the CIRCUMJACENT air ?

A. No; not instantly. Air is so bad
a conductor, that it parts with its heat
very slowly : unless, therefore, it be kept
in continual motion, it would cool the

broth very slowly indeed.
Q. Why does wixp generally feel coor?

A. Because it drives the air more
rapidly over our body; and this rapid
change of air,.draws off a large quantity
of heat.

Q. Why does air ABSORB heat more QUICKLY
by being set 1n MOTION ?

A. Because every fresh portion of air
absorbs a fresh amount of heat; and the
more rapid the current of air, the greater
will be the quantity of heat absorbed.

Q. If the air were hotter than our body,
would the winp feel cooL ?

A. Noj; if thehir were hotter than our
body, it would feel insufferably warm.
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Q. Why would the air feel unpleasantly HoT,
{f it were WARMER than our BoDY?

A. Because it would add to the heat
of our body, instead of diminishing it.

Q.  Is the OPEN AIR ever as HOT as the human
body ?

A. Notin this country: in the hottest
summer's day, the air is at least 10 or 12
degrees cooler than the human body.

Q. Is the EABTH a good conductor of heat P

A. No; the earth is a bad conductor
of heat.

Q. Why isthe earth a BAD conductor of heat ?

A. DBecause its particles are not
continuous : The power of conducting
heat depends upon the continuity of
matter.

Q. Why is the earth (BELoW the surface)
WARMER in winter, than the surface itself ?

A. Because the earth is a bad con-
ductor of heat ; and, therefore, (although
the ground be frozen) the frost never
penetrates more than a few inches below
the surface.

Q. Why is the earth (BELOW the surface)
COOLER in summer, than the surface stself ?
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A. Because the earth is a bad con-
ductor of heat; and, therefore (although
the surface be scorched with the burning
sun), the intense heat cannot penetrdte to
the roots of the plants and trees.

Q. Show the wispoM of Gobp in making the
EARTH @ BAD conductor.

A. Ifthe heat and cold could penetrate
the earth (as freely as the heat of a fire
penetrates iron) the springs would be
dried up in summer, and frozen in
winter ; and all vegetation would be soon
destroyed.

Q.  Why is water from a sPRING always cOOL,
even in summer ?

A. Because the earth is so bad a
conductor, that the rays of the sun can
penetrate only a few inches below the
surface; in consequence of which, the
springs of water are not affected by the
heat of summer.

Q. Why is it cooL under a SHADY lree, in @
hot summer's day ?

A. Jst—Because the overhanging
foliage screens off the rays of the sun:
2ndly—As the rays of the sun are
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warded off, the air (beneath the tree)is not
heated by the reflection of the earth : and

3rdly—The leaves of trees are good
radiators of heat; and, therefore, send
back to the earth a great deal of that
which they receive.

Dew forms upon leaves early in the evening, because the air
cools down quickly by rapid radiation. (See p. 210, &c.)

Q. Why do Laplanders wear sKins, with the
FUR INWARDS ?

A. 1st—Because dry skins prevent the
wind from penetrating to their body; and

2ndly—The air (between the hairs of
the fur) soon becomes heated by the heat
of the body ; in consequence of which, the
Laplander in his fur is clad in a case of
hot wir, impervious to cold and wind.

Q. Why does a LINEN shirt feel COLDER than
@ COTTON one ?

A. Because linen is a much better
conductor than cotton; and, therefore,
draws away animal heat more rapidly, and
produces a greater sensation of cold.

Q. Does fine or coarss WOOLLEN cloth make
the WARMEST clothing ?

A. The finer the ‘cloth, the more
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slowly it conducts heat. Fine cloths,
therefore, are warmer than coarse ones.
Q. Is siLk a good conductor of heat P
A. No; itis a bad conductor of heat.
Spun silk allows the heat of the body to
pass off more quickly than wool ; but raw
silk confines it more than wool (p. 172).

Count Rumford found that when a thermometer cooled down
186° in air in 575 seconds, it did not cool down to the same
extent in less than 917 seconds, when surrounded by spun silk ;
in 1046 seconds, when surrounded by cotton wool; im 1118
seconds, when surrounded by sheep’s wool; in 1284 seconds,

when surrounded by raw silk; and in 1305 seconds, when
surrounded by eider down.

Q. Why 1is our FACE cOOLED by wiping the
temples with a fine cambric handkerchief ?

A. Because the fine fibres of the
cambric have a strong capillary attraction
for motsture, and are excellent conduetors
of heat: in consequence of which, the
moisture and heat are abstracted from
our face by the cambric, and a sensation
of coolness produced.

“ '&m;:? attraction,” i. e. ¢Ae atiraction of a thread or Rair.
The wick of a candle is wet with grease, because the melted
tallow runs wp the cotton from capillary attraction.

Q. Whywould nof a coTroN handkerchief do
as well P ‘

A. Because the coarse fibres of cotton
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have very little capillary attraction, an
are very bad conductors: in consequenc.
of which, the heat of our face would be
increased (rather than diminished) by the
use of a cotton handkerchief.

CHAPTER XIV.

2.—ABSORPTION OF HEAT.

Q. What is the difference between cONDUCTINC
heat, and ABSORBING heat

A. To conduct heat, is to transmat 1
from one body to another through s
conducting medium : To absord heat, 1s tc
suck it up, as a sponge sucks up water.

Q.  Gve me an example.

A. Black cloth absorbs, but does not
conduct heat : thus, if black cloth be laid
in the sun, it will absorb the rays very
rapidly ; but if one end of the black cloth
be made hot, it would not conduct the
heat to the other end.

Q. A4re good ocoNDUCTORS of heat, good
ABSORBERS also ?
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A. No; every good conductor of heat
is a bad absorber of it: and no good
absorber of heat can be a good conductor
also.

Q. Is 1RON a good ABSORBER of heat P

A. Noj; tron is a good conductor, but

a very bad absorber of heat.

The power of absorbing heat depends on the natare of the sur-
face of a body; thus, bright or polished surfaces will not absorb
heat s0 readily as rough and blacioones.

Q  Why do the FIRE-IRONS (which lie upon a
FENDER) remain CoLD, although they are before a
good fire ?

A. Because they are bad absorbers of
heat; in consequence of which, they
remain cold, unless they come in contact
with the stove or fire.

Q. Why are the FIRE-IRONS intensely Hor,
when they rest AGAINST a STOVE which contains a
good fire ?

A. Because they are excellent con-
ductors of heat, and draw it rapidly from
the stove with which they are in contact.

Q. Why does a XETTLE boil faster, when the
bottom and back are covered with soor?

A. Because the black soot absorbs heat
very quickly from the fire, and the metal
conducts it to the water. s
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Q. Why will not a NEW XKTTLE Boil so fast
as an OLD one P .
A. Because the bottom and stdes of a

new kettle are clean and bright: but in
an old kettle they are covered with soot.

Q. Why would a EETTLE BOIL more SLOWLY,
if the bottom and back were clean and bright P

A. Because bright metal does not ab-
sorb heat, but reflects it : and (as the heat
is thrown off from the surface of bright
metal by reflection), therefore, a new
kettle takes a longer time to boil.

Reflects heat, i.e. throws it off.

Q. Why do we wear a BLACK oufer DRESS, if
we want to be warm ?

A. Because a black outer dress quickly
absorbs heat from the sun’s rays.

Q. Why do persons WEAR WHITE dresses in
SUMMER time ?

A. Because white throws off the heat
of the sun by reflection, and is a very bad
absorbent of heat; in consequence of
which, white dresses never become so hot
from the scorching sun, as dark colours do.

Q. Why do Not persohs wear WHITE dresses
in WINTER time P
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A. Because white will not absorb heat,
like black and other dark colours; and
therefore, white dresses are not so warm as
dark ones.

Q. What cOLOURS are WARMEST for dresses ?

A. For outside garments black is the
warmest, and then such colours as
approach nearest to black (as dark blue
and green). White is the coldest colour
for external clothing.

Q.  Why are pARK colours (for external wear)
80 much WARMER than LIGHT ones P

A. Because dark colours absorb heat
from the sun more abundantly than light
ones.

Q.  How can you prove that DARK colours are
WARMER than LIGHT ones ?

A. If a piece of black and a piece of
white cloth were laid upon snow, in a few
hours the black cloth will have melted the
smow beneath ; whereas, the white cloth
will have produced little or no effect upon

it at all.

N.B. The dar#er any colour is, the warmer it is, because it is
& better absorbent of heat. The order may be thus arranged :—
1. Black (warmest of all).—2. Violet.—3. Indigo.—4. Blue.—.
6. Green.—8. Red.—7. Yellow: and 8, White (coldest of all).

s
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Q. Why are BLACK KID GLOVES unpleasantly
HOT for summer wear ?

A, 1st—Because black absorbs the
solar heat : and

2ndly—Ktd will not allow the heat of
our hand to escape through the glove.

Q. Why are LiSLE THREAD GLOVES agreeably
COOL for summer wear ?

A. 1st—DBecause thread absorbs per-
spiration : and

2ndly—It conducts away the heat of
our hot hands.

Q. Are Lisle thread gloves ABSORBENTS of
heat ?

A. No; Lisle thread gloves are gene-
rally of a grey or llac colour; and,
therefore, do not absorb solar heat.

Q. Why is a PLATE-WARMER made of UN-
PAINTED bright TIN?

A. Because bright tin reflects the heat
(which issues from the fire in rays) upon
the meat; and, therefore, greatly assists

the rocess of roasting.
the heat, i.e. thron it dack upon the meat.
Q. Why would not the tin REFLECTOR do as
well, if i were PAINTED ?

Because it would then absorb heat,
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and not reflect it so well. A plate-warmer
should never be painted, but be kept very
clean, bright, and free from all scratches.

Q. Why should a REFLECTOR be kept 80 very
OLEAN, and free from all sCRATCHES ?

A. Because, if areflector were spotted,
dull, or scratched, it would absorb heat,
instead of reflecting it; and, consequently,
would be of no use whatsoever as a
reflector.

Q. Why does HOAR-FROST remain on TOMB-

STONES, long after it has melted from the grass and
gravel-walks of a church-yard ?

A. Because tomb-stones (being white)
will not absorb heat, like the darker grass
and gravel; in consequence of which,
they remain too cold to thaw the frost
congealed upon their surface.

Q. If black absorbs heat, why have those who

live in HoOT climates BLACK skins, and mot WHITE
skins, which would not absorb heat at all ?

A. Because black will not blister from
the heat of the sun. Although, therefore,
the black skin of a negro absorbs heat
more plentifully than the white skin of a

s38
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European ; yet the blackness prevents the
sun from blistering or scorching it.

Q. How is it known, that BLACK colour pre-
vents the sun from either BLISTERING or S8CORCHING
the skin ?

A. Ifyou place a white cloth glove over

one hand, and a black cloth one on the other,
(when the sun is burning hot), the hand
with the white cloth covering will be
scorched, but not the other.

Q. WxicH hand will FEEL the HOTTER ?

A. The hand covered with black cloth
will feel the hotter, but will not be scorched
by the sun: whereas, the hand covered
with white cloth (though much cooler) will
be severely scorched.

" Q. Why does the BLACK skin of a NEGRO never
SCORCH 0r BLISTER with the hot sun ?

A. Because the black colour absorbs
the heat, and conveys it below the surface
of the skin.

Q. Why does the waITE European skin
BLISTER and SCORCH, when exposed to the hot sun P

A. Because white will not absorb
heat; and, therefore, the hot sun rests
on the surface of the skin, and scorches it.
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Q. Why has a negro BLACK EYES ?

A. Because the black colour defends
them from the strong light of the trop-
ical sun. If a negro’s eyes were not
black, the sun would so dazzle them, that
the negro might become blind.

Q. Why is waTER (in hot weather) kept
COQLER t® @ BRIGHT TIN POT than tn an earthen
one?

A. Because bright metal will not
absorb heat from the hot air, like an
earthen vessel ; in consequence of which,

the water is kept cooler.

Boiling water is also kept kof in bright metal, better than in
earthen vessels. Sez p. 209.

CHAPTER XV.

3.—REFLECTION OF HEAT.

Q. What is meant by REFLECTING heat P

A. To reflect heat, s to throw it back
in rays from the surface of the reflecting
body, towards the_place whence it came.

Q.  What are the BEST reflectors of heat ?
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A. Al bright surfaces, and light
colours.

Q. Aregood ABsORBERS of heat good REFLECT-
ORs also P

A. No; those things which absorb
heat best, reflect heat worst; and those
which reflect heat worst, absord it best.

Q. Why are those things which ABSORB heat,
unable to REFLECT it 2

A. Because the same heat cannot be
both absorbed and reflected ; if absorbed
or taken into a substance, it cannot also
be thrown off from its surface; and if
thrown off from the surface, it cannot
also be taken into the substance.

Q. Why are REFLECTORs always made of
LIGHT-COLOURED and highly-POLISHED METAL ?

A. Because light-coloured and highly-
polished metal makes the best of all
reflectors.

Q. Why do not plate-warmers blister and
scorch the wooD behind ?

A. Because the bright tin front
throws the heat of the fire back again,
and will not allow it to penetrate to the
wood behind.
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Q.  If metal be such an excellent coNDUCTOR
of heat, how can it REFLECT heat, or throw it off ?

A. Polished metal is a conductor of
heat, only when that heat is communicated
by actual contact: But, whenever heat
falls upon bright metal in rays, it is
reflected back again, and the metal
remains cool.

Q. What is meant by “heat falling upon
metal in RAYS,” and not * by contact 2"

A. A piece of metal thrust into a fire,
would be 1n actual contact with that fire ;
but if held before a fire, the heat of the
fire would fall upon 1t in rays.

Q. What i3 the use of the TIN SCREEN or
reflector, used in ROASTING ?

A. It throws the heat of the fire back
upon the meat: and, therefore, both
assists the process of roasting, and helps
to keep the kitchen cool.

Q. How does a tin reflector tend to keep the
KITCHEN COOL ?

A. By confining the heat of the fire
to the hearth,and preventing its dispersion
throughout the kitchen.

Q. Why are sHOES HOTTER for being pusTy ¥
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A. Because dull dusty shoes will
absorb heat from the sun, earth, and air;
but shoes brightly polished, throw off the
heat of the sun by reflection.

Q. Why does it always FREXZE on the ToP of
a HIGH mountain ?

A. 1st—Because air 1s heated by
contact with the earth’s surface, and not
by solar rays which pass through it: As
a mountain-top affords very small surface
for such contact, it remains intensely
cold: and

2ndly—When air flows up the side of
a mountain, it expands from diminished
pressure ; and consequently absorbs heat

from surrounding objects.
Barefled air can hold more latent heat than dense air can.

CHAPTER XVL

4.—RADIATION.

~ Q. What is meant by RADIATION ?
‘A. Radiation means the emission of
rays : Thus, the sun radiates both light
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and heat; that is, it emits rays of light
and heat in all direetions.

Q. WHN is heat RADIATED from one body
to another ?

A. When the two bodies are separated
by a non-conducting medium : thus, the
sun radiates heat towards the earth,
because the air (which is a very bad
conductor) comes between.

Q. On WHAT does radiation depend ?

A. On the roughness of the radiating
surface : thus, if metal be scratched, its
radiating power is increased : because the
heat has more points to escape from.

Q. Does a FIRE radiate heat ?

A. Yes; and because burning fuel
emits rays of heat, therefore, we feel warm
when we stand before a fire.

Q. Why does our FACE feel uncomfortably
HOT, when we approach a FIRE ?

A. Because the fire radiates heat
upon it; and (not being covered) it feels
the effect immediately.

Q. Why does the fire catch our FACE mors
than it does the REST of our body ?

A. Because thé rest of our body i is



204 RADIATION.

covered with clothing; which (being a
bad conductor) prevents the same sudden
and rapid transmission of heat to our
skin.

Q. Do those substances which. RADIATE Aeat,
ABSORB heat also ?

A. Yes. Those substances which
radiate most, also absorb most heat: and
those which radiate least, also absord the
least heat.

Q. Does any thing ELSE radiate heat, besides
the sUN and FIRE ?

A. Yes: all things radiate heat in
some measure, but not equally well.

Q. WHAT things BADIATE heatl the NEXT BEST
to the sun and fire?

A. All dull and dark substances are
good radiators of heat; but all light and
polished substances are bad radiators.

Q. Why should the FLUEs (connected with
Arnott’s stoves, dc. ) be always blackened with BLACK
LEAD ?

A. In order that the heat of the flue
may be more readily diffused throughout
the room. Black lead radiates heat more
freely, than any other known substance.
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A better name for black lead is “ graphite,” because it contains
no metallic lead, but is a mixture of carbon and iron. 1t is used
chiefly in black-lead pencils ; and hence its name, from the Greek
word ypagpew fo write. The black lead used for domestic pur-
poses contains only a small portion of true “ graphite.” -

Q. Why does a POLISHED metal tea-pot make
BETTER tea, than a black earthen one ?

A. Because polished metal (being a
very bad radiator of heat) keeps the water
hot much longer ; and the hotter the water
18, the better it ¢ draws” the tea.

Q. Why will not a puLL black tea-pot make
good tea ?

A. Because the heat of the water
Slies off so quickly through the dull black
surface of the tea-pot, that the water is
very rapidly cooled, and cannot ‘ draw”
the tea.

Q. Why do pensioners, and aged cottagers,

generally prefer the little black EARTHEN tea-pot to
the bp’ght METAL one ?

A. Because they set it on the hob
“to draw ;" in which case, the little black
tea-pot will make the best tea.

Q. Why will a BLACK tea-pot make better tea

than a bright metal one, if set upon the HOB to
DRAW ?

A. Because the black tea-pot will
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absorb heat plentifully from the fire, and
keep the water hot: whereas, a bright
metal tea-pot (set upon the hob) would
throw off heat by reflection.

Q.  Then sometimes a BLACK EARTHEN tea-pot
18 the best, and sometimes a bright metal one.

A. Yes; when a tea-pot is set on the
hob ““to draw,” black earth 1s the best,
because it absorbs heat: But, when a
tea-pot is mot set on the hob, bright
metal 1s the best; because 1t radiates
heat very slowly, and therefore keeps the
water hot.

Q. Why does a sAucEPAN, which has been
USED, boil in a shorter time than a NEW one ?

A. Because the bottom and back are
covered with soot ; and black soot rapidly
absorbs heat from glowing coals.

Q. Why should the FroNT and LID of a
BAUCEPAN be clean and bright ?

A. Becausetheycannotabsorbheat,as
they do not come in contact with the fire;
and (being bright) they will not suffer the
heat inside them to escape by radiation.

Q. In what state should a saucepan be, in
order that it may BoIL mos¢ QUICKLY P
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A. All those parts, which come in
contact with the fire, should be covered
with soot, in order to absorb heat; but all
the rest should be as bright as possible to

prevent the escape of heat by radiation.
Q. Whyis it said that * SATURDAY'S KETTLE
boils the vastEST *”

A. Because, on Saturday, the front
and top of the kettle are generally cleaned
and polished ; but the bottom and back

of the kettle are never cleaned.

Q. Why should Nor the BOTTOM and BACK
of a kettle be clean and polished ?

A. Because, they come wn contact
with the fire, and (while they are covered
with black soot) absorb heat freely from

the burning coals.

Q. Why should the FRONT and TOP of a kettle
be clean and well polished ?

A. Because polished metal will not
radiate heat; and, therefore, (while the
front and top of a kettle are well
polished) the heat s kept in, and not
suffered to escape by radiation.

Q. Why does the BoTTOM of @ kettle feel
nearly cold, when the water is boiling HOT ?

T 2
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A. Beeause black soot is a very bad
conductor of heat; and, therefore, the
heat of the boiling water is some time
before it gets through the soot, which
adheres to the bottom of the kettle.

Q. Why is the LID of a KETTLE intensely HOT,
when the water boils ?

A. Because the bright metal lid is
an admirable conductor ; and, therefore,
heat from the boiling water pours into our
hand the moment we touch it.

Q.  Show the benefit of SMOKE in COOKING.

A. The carbon of the fuel (which
flies off in smoke) naturally blackens all
culinary vessels set upon a fire to boil,
and thus renders them fit for use.

¢ Culinary vessels” are vessels used in kitchens for cooking, as
saucepans, boilers, kettles, &c., from the Latin word * Culi'na,”
(a kilchen.)

Q. How does sMOKE make culinary vessels FIT
Jor usg ?

A. By covering them with soot. If
it were not for the soot (which gathers
round a kettle or saucepan) heat would
not be absorbed, and: the process of
boiling would be greatly retarded.
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Q. Why s boiling water kept HOT in a bright
METAL pot better than in an earthen vessel P

A. Because bright metal (being a
bad radiator) will not throw off from ts
surface the heat of the boiling water.

Q. Why would not a metal pot serve to keep
water hot if it were DULL and DIRTY ?

A. Because it is the bright polish of
the metal, which makes it a bad radiator :
and if it were dull, scratched, or dirty,
heat would escape very rapidly.

Water in hot weather is also kept cooler in bright metal than
in dull or earthen vessels, See p. 199.

Q. Why are dinner-covers made of BRIGHT
TIN 07 SILVER ?

A. Because light-coloured and highly-
polished metal is a very bad radiator of
heat ; and, therefore, bright tin or silver
will not allow the heat of the cooked food
to escape through the cover by radiation.

Q. Why should a MEAT-COVER be very brightly
POLISHED ?

A. To prevent the heat of the food
from’escaping by radiation. If a meat-
cover be dull or «cratched, it will allow
the heat of the food beneath to fly off into
the room. T3
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Q.  Why should a S8ILVER meat cover be PLAIN,
and not enchased ?

A. Because a chased meat-cover would
not prevent the radiation of heat, so

perfectly as a plain one.
Q. What is pEW?

A. Dew is the vapour of the air con-
densed, by coming in contact with bodies
colder than itself.

Q. Why s the GROUND sometimes COVERED
with DEW ?

A. Because the surface of the earth
(at sunset) is made so cold by radiation,
that the warm vapour of the air is chilled,
by contact, and condensed into dew.

Q. Why is the earth cOLDER than the AIR,
after the sun has set P

A. Because the earth radiates heat
very freely, but the air does not; in
consequence of which, the earth is often
5 or 10 degrees colder than the air (after
sunset); although it was much’ warmer

than the air, during the whole day.

Q. Why is the earth WARMER than the AIR,
during the day ? .

A. Because the earth absorbs solar
heat very freely, but the air does not; in
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consequence of which, it is often many
degrees warmer than the air, durmg the
day.

Q Why 1is the surface of the ground cOLDER
in a FINE clear night, than in a cLOUDY one ?

A. Because,on a fine clear star-light
night, heat radiates from the earth freely,
and is lost in open space: but on a dull
night, the clouds arrest the process of
radiation.

Q. Why is DEw deposited only on a FINE
clear N1GHT ?

A. Because the surface of the ground
radiates heat most freely on a fine night;
and (being cooled down by this loss of
heat) condenses the vapour of the air into

dew.
Q. Why ts there No DEW on a dull cLouDY
night ?

A. Because clouds arrest the radiation
of heat from the earth ; and (as the heat
cannot freely escape) the earth’s surface
is not sufficiently cooled down, to condense
the vapour of the air into dew.

Q. Why is a cloudy night wWamMER tlum
a fine one ?
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A. Because clouds prevent the radia-
ation of heat from the earth; in conse-
quence of which, the surface of the earth
remains warmer.

Q. Why is DEw most abundant in situations
most EXPOSED ?

A. Because the radiation of heat s
not arrested by houses, trees, hedges, or
any other things.

Q. Why is there scarcely any DEW under a
TREE when in full foliage ?

A. 1st—Because the thick foliage
arrests the radiation of heat from the
earth : and

2ndly—It radiates some of its own
heat towards the earth; in consequence
of which, the ground underneath a leafy
tree is not sufficiently cooled down, to
chill the vapour of the air into dew.

Q. Why is there never much DEW at the foot
of WALLS and HEDGES ?

A. 1st—Because they act as screens,
to arrest the radiation of heat from the
earth: and .

’ndly—They themselves radiate some
portion of heat towards the earth; in
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consequence of which, the ground at the
foot of walls and hedges is not sufficiently
cooled down, to condense the vapour of
the air into dew. .

Q. Why is there little or No DEW beveath a
FLOWER-AWNING, although that awning be open on
all four sides ?

A. 1st—Because the awning arrests
the radiation of heat from the ground
beneath : and

Rndly—It radiates some of its own
heat downwards; in consequence of
which, the ground beneath an awning is
not sufficiently cooled down, to chill the
vapour of air into dew.

Q. How can a thin covering of BASS or even
MUSLIN, protect trees from FROST?

A. Because any covering prevents
the radiation of heat from the tree; and
if trees are not cooled down by radiation,
the vapour of the air will not be frozen,
as it comes in contact with them.

Baass, prosounce bas—a kind of matting used by gardenars.

Q. Why s the Bfss or canvass itself (which
covers a tree) always drenched with DRW ? a

A. Because it radiates heat both up-
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wards and downwards; in consequence
of which, it is so cooled down; that it
readily condenses the vapour of the air
into dew. .

Q. , Why does snow (at the foot of a HEDGE or
WALL) melt sooner than that in an open field ?

A. Because hedges or walls radiate
heat into the snow, which melt it.

Q. Why is there No DEW after a WINDY
NIGHT ?

A. Because wind evaporates the mots-
ture, as fast as it is deposited.

Q. Why are VALLEYS and HOLLOWS often

thickly covered with DEW, although they are
sheltered ?

A. Because surrounding hills prevent
the repose of air from being disturbed;
but do not overhang and screen the valleys
sufficiently to arrest radiation.

Q. Why does DEW fall more abundantly on
8OME things, than on others ?

A. Because some things radiate heat
more freely than others; and, therefore,
become much cooler in:the night.

Q. Why are things which radiate heat most
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FREELY, always the most THICKLY COVERED with
DEW ?

A. Because the vapour of the air is
condensed into dew, the moment it comes
in contact with them. .

Q. Waar kind of things radiate heat most
FREELY ?

A. Grass, wood, and the leaves of
plants, radiate heat wvery freely: but
polished metal, smooth stones, and
woollen cloth, part with their heat very
tardily.

Q. Do the leaves of ALL plants radiate heat
EQUALLY well 7

A. No. Rough woolly leaves (like
those of a holly-hock) radiate heat much
more freely, than the hard smooth polished
leaves of a common laurel.

Q. Shew the wispouM of Gob in making grass,
the leaves of trees, and ALL VEGETABLES, ewcellent
radiators of heat.

A. As vegetables require much mos-
ture, and would often perish without a
plentiful deposit of dew, God wisely made
them to radiate heat freely, so as to con-
gense the vapour (which touches them) into

ew.



216 RADIATION.

Q. Wil polished METAL, smooth STONES, and
woollen cLoTH, readily collect DEW P

A. No. While grass and the leaves of
plants are completely drenched with dew, a
piece of polished metal, or of woollen cloth
(lying on the same spot), will be almost dry.

Q.  Why would polished METAL and woollen
CLOTH be DRY, whils grass and leaves are drenched
with DEW ?

A. Because polished metal and wool-
len cloth part with their heat so slowly,
that the vapour of the air is not condensed
into dew, when 1t passes over them.

Q. Why is a gravel walk almost DRy, when a
grass plat is thickly covered with DEW ?

A. Because grass is a good radiator,
and throws off its heat very freely; but
gravel is a bad radiator, and parts with
its heat slowly.

Q. Is that the reason why GRASS is saturated
with DEW, and the GRAVEL %8 NOT ?

A. Yes. When the vapour of warm
air comes in contact with the cold grass,
it is instantly deposited as dew; but it
18 not so freely condenced, as it passes over
the warmer gravel.
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Q. Why is DEW rarely distilled upon hard
rocks and barren lands ?

A. Because rocks and barren lands
are so compact and hard, that they can
neither absorb nor radiate much heat ;
and (as their temperature varies very
little) very little dew distils upon them.

Q. Why does DEW fall more abundantly on
cultivated soils than on barren lands ?

A. Because cultivated soils (being
loose and porous, very freely radiate by
night, the heat which they absorbed by
day; in consequence of which, they are
much cooled down, and plentifully condense
the vapour of the passing air into dew.

Q. Show the wispoM of Gob in this arrange-
ment.

A. Every plant and each portion of
land, which needs the moisture of dew,
is adapted to collect it; but not a single
drop is wasted, where its refreshing
moisture is not reguzred

Q. Shew the wispom of Gop in making

polished metal and woollen cloth BAD RADIATORS
of heat.

A If pohshed metal collected dew as
U
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easily as grass, it could never be kept dry,
and free from rust. Again, if woollen
garments collected dew as readily as the
leaves of trees, we should be often wet,

and subject to the risk of “taking cold.”

Q. Show how this affords a beautiful illus-
tration of GIDEON'S MIRACLE, recorded in the book
of Judges, v1. 87, 88,

A. The dﬂeece of wool (which is a
very bad radiator of heat) was wet with
dew; when the grass (which is a most
excellent radiator) was quite dry.

Q. Was not this CONTRARY to the laws of
nature p

A. Yes; and was, therefore, a plain
demonstration of the power of God, who
could thus change the very nature of
things at his will.

Q. Why do our CLOTHES feel DAMP, after
walking in a fine evening in SPRING Or AUTUMN ?

A. Because vapour (condensed by
the cooling of the air) is deposited
upon them, like dew.

Q. Why are wiNDOWSs often covered with thick
MIST, and the frames wet wih standing WATER ?

A. Because the temperature of the
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external air always falls at sunset, and
chills the window-glass with which it
comes in contact.

Q. How does this account for the MisT and
WATER on a window ?

A. As the warm vapour of the room
touches the cold glass, 1t is chilled and
condensed into mist; and the mist (col-
lecting into drops) rolls down the window-
frame in little streams of water.

Q. Why does the cLAsS of a window COOL
down more rapidly, than the AR of the room itself ?

A. Because the air of the room is
kept warm by fires, and animal heat; in
consequence of which, it suffers very
little diminution of heat from the setting
of the sun.

Q.  Whence arises the VAPOUR of a room ?

A. 1st—The air of the room itself
naturally contains vapour :

2ndly—The breath and insensible per-
spiration of the inmates ncrease this
vapour: and

3rdly—Hot dimmers, the steam of tea,
and so on, increase it still more.

U 2
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Q. What i3 meant by  INSENSIBLE perspi-
ration 2"

A. From every part of the human
body, an insensible and tnvisible perspira-
tton 1ssues all night and day ; not only in
the hot weather of summer, but also in
the coldest day of winter.

Q. If the pérspiration be both INSENSIBLE
and INVISIBLE, how 8 it known that there 18 any
such perspiration P

A. If you put your naked arm into
a clean dry glass tube, the perspiration
will condense on the glass, like mist.

Q. Why are carriage windows very soon
covered with thick Mist ?

A. Because the warm vapour of the
carriage is condensed by the cold glass,
and covers it with a thick mist.

Q. Why 18 the glass window coLD enough to
condense the vapour of the carriage P

A. Because the inside of the carriage
is much warmer than the outside; and
the glass window is made cold by contact
with the external air.

Q. Where does the WarM wvapour aof the
carriage come from ?

A. From the warm breath and
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insensible perspiration of the persons
riding in it.

Q. What is the cause of the pretty FROST WORK,
seen on bed-room windows in winter-time ?

A. The breath and insensible perspi-
ration of the sleeper (coming in contact
with the ice-cold window) are frozen by
the cold glass ; and form those beautiful
appearances seen in bed-rooms on &
winter’'s morning.

Q. Why is the oLass of a window colder
than the waLLs of a room ?

A. Because glass 'is so excellent a
radiator, that it parts with its heat more
rapidly than the walls do.

Q. Why is a TUMBLER of cold WATER made
quite DULL with mist, when brought into a room

Jull of people ?

A. Because the hot vapour of the
room is condensed upon the cold tumbler,
with which it comes in contact; and
is changed from the invisible and gaseous
form, into that of a thick mist.

Q. Why is a qtass made quite DULL, by
laying a hot hand upon it?

s U8
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A. Because the perspiration from the
hot hand is condensed upon the cold
glass, and made perceptible.

Q. Why are WINE-GLASSES made quite DULL,
when brought into a room full of company?

A. Because the hot vapour of the
room (coming in contact with the cold
wine-glasses) is condensed upon them,
and covers them with moigture, like dew.

Q. Why does this mwty appearance Go on,
after a little time ?

A. Because the glass becomes of
the same temperature, as the air of the
room; and will no longer chill the vapour
which touches it, and condense it into mist.

Q. Why is a WINE-GLASS (which has been
brought out of a cellar into the AIR) covered with a
thick MIST in summer time?

A. Because the vapour of the hot
alr 18 condensed into a thick mist, by
contact with the cold glass.

Q. Why does BREATHING on a glass make st
quite dull P

A. Because the vapour of the hot
breath is condensed ky the cold glass,
and covers it with a thick mist,
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Q. Why are the walls of @ house covered with
WET i1 a sudden THAW ?

A. Because they are thick, and can-
not change their temperature so fast as
the air; in consequence of which, they

retain their cold, after the thaw has set in.
Q. How does *“ RETAINING thetr coLD” account
Jor their being so WET ?

A. As the vapour of the warm air
touches the cold walls, it 18 chilled and
condensed into water ; which either sticks
to the walls, or trickles down in little
streams.

Q. Why does a thick WELL-BUILT house con-
tract more DAMP of this kind, than an ORDINARY one ?

A. Because its walls are much
thicker ; and (if the frost has penctrated
far into the bricks) they will be some time
before they are reduced to the same tem-
perature as the air.

Q. Why are BALUSTERS, dc., DAMP after a
THAW ?

A. Because they are made of some
very close-grained varnished wood, which
cannot change its_temperature, so fast as
the air.

, Balusters—corruptly called banisters.

-
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and (being made much colder than the
air) chills the passing vapour, and
condenses it into dew.

Q. Does not AIR radiate heat, as well as the
FARTH and its various plants?

A. No; the air never radiates heat ;
nor is it made hot by the rays of the
sun.

Q. How is the air made HOT or cOLD ?

A. By convection of hot or cold
currents.

Q. Euzplain this.

A. Air which is heated by contact
with the earth’s surface ascends, and
colder comes into its place, to be in its
turn heated in the same way; this process
is repeated, until there no longer remains
any cold air to be made warm.

Q. How is the air made coLp ?

A. By direct contact with the colder
earth, and by being mixed with colder
currents that are brought by the wind.

Q. Why is MEAT very subject to TAINT, if
exposed on a clear moon-light night P

A. Because on a clear night it will
radiate heat very freely; and,
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quently, be wet with dew, which favours
rapid putrefaction.

Q. How do MOON-LIGHT nights conduce to
the rapid growth of plants ?

A. Radiation is carried on very
rapidly on bright moon-light nights; in
consequence of which, dew is very plen-
tifully deposited on young plants, which
conduces much to their growth and
vigour. '

Q.  Why 1s evening dew TNJURIOUS to health ?

A. Because it is always laden with
noxious exhalations from the earth; espe-
cially in marshy countries.

Q. Is HONEY-DEW a similar thing to dew ?

A. No. Honey-dewis a sweet liquid,
shed by a very small insect (called the
a'phis), and deposited in autumn on the
under surface of favourite leaves.

Frequently on Lime Trees, in the Spring also.

Q.  Does honey-dew INJURE leaves, or do them
good ?

A. It injures them very much, by
filling the pores with a thick clammy
liquid; in consequence of which, the
leaf can neither transpire, nor

needful food.
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Q. What ErrECT has honsy-dew upon the
appearance of a leaf ?

A. After a little time, the leaf (being
smothered and starved) begms to turn of
a dingy yellow colour.

Q. Are not ANTS very fond of honey-dew ?

A. Yes; and crawl up to the loftiest
trees, in order to obtain it.

Q.  What is the cause of mist (or earth-fog)?

A. If the night has been very calm,
radiation of heat from the earth has been
very abundant ; in consequence of which,
the air (resting on the earth) has been
chilled, and its vapour condensed into a
thick mist.

Q. Why does not the mist become prw ?

A. Because the chill of the air is so
rapid, that vapour is condensed faster
than it can be deposited ; and (covering
the earth in a mist) prevents any further
radiation of heat.

Q. When the earth can no longer radiate heat

upwards, doa#mntmue to CONDENSE the vapour of
the air ?

A. No; the air (in contact with the
earth) becomes about equal in temperature
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with the surface of the earth itself; for
which reason, the mist 18 not condensed
into dew, but remains floating above the
earth as a thick cloud. ,

Q.  This mist seems to rise higher and higher,

and yet remains quite as dense below as at first.
Eaxplain the cause of this.

A. The air resting on the earth is_
first chilled, and slowly mixing with the
air above, condenses it also into mist
likewise : and as layer is thus added to
layer, the mist seems to be rising, when
(in fact) it is only deepening.

Q.  Why does mist and dew VANISH, as the
SUN rises ? ’

A. Because the air becomes warmer
after sun-rise, and absorbs the vapour.

Q. Why is a DEW-DROP ROUND ?

A. Because every part of it is equally
balanced ; and, therefore, there is mno
cause why one part of the drop should be
further from the centre, than another.

Q. Why is the dew-drop (on 't broad leaf)
sometimes FLATTENED ? :

A. Because two or more drops of-dew
roll together, and make one large spheroid
(or flattened drop.) X
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Q. Why will dew-drops RoLL about cabbage
plants, poppics, de., without wetting the surface P

A. Because the leaves of cabbages
and poppies are covered with a very fine
waxen powder, over which the dew-drop
rolls without wetting the surface, as a
drop of rain over dust.

Q. Why does not a drop of rain WET the
DUST over which it rolls ?

A. Because dust has no affinity for
water : and, therefore, repels it.

Q. Why does not a dew-drop WET the POWDER
of cabbage-plants ? .

A. Because the fine powder, which
covers cabbage-leaves has no affinity for
water ; and, therefore, repels it.

Q.  Whywill dew-drops ROLL over a ROSE, de.
without wetting the petals ?

A. Because the leaves of a rose
contain an essential otl, which has no
affinity for water; and, therefore, repelsit.

Q. Why can swaxs and DUCKs dive under
water without being WETTED ?

A. Because their feathers are covered
with an oily secretio, which has no

affinity for water; and, therefore, repels it.
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Q. Why are currents of air from the land
COLDER than those blowing over water ?

A. Because the earth radiates heat
after sun-set more freely than’ water;
consequently, air which comes in contact
with the land is colder than that which
comes in contact with water.

For other guestlons respecting land and sea breezes, see Chapter
XXIIL. page

Q. Why is not air, which passes over water,
80 COOL as that which passes over land ?

A. Because water does not cool down
at sun-set, so fast as land does: and,
therefore, the air in contact with it
remains warmer.

Q.  Why does not WATER cool down so fast as
LAND ?

A. 1st—Because the surface of water
18 perpetually changing; and, as fast as
one surface is made cold, another is pre-
sented : and

2ndly—When water i1s made cold <t
sinks, and warmer portions of water rise
to occupy its place: before, therefore,
the surface of water is cooled, the whole
volume must be made cold; Whlch 18 net
the case with land. x2
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Q.  What is the cause of a *‘ pea-soup” LONDON
FoG ?

A. These fogs (which occur generally
in the winter time) are occasionied thus:—
Some current of air (being suddenly
cooled) descends into the warm streets,
forcing back the smoke in a mass towards
the earth.

Q. Why are there not ALWAYS fogs, every
night 2

A. Because the air will always hold
in solution a certain quantity of vapour,
(which varies according to its tempera-
ture): and, when the air is not saturated,
it may be cooled without parting with its
vapour.

Q. When do fogs occur at night ?

A. When the air is saturated with
vapour during the day. When this is
the case, it deposits some of its super-
abundant moisture in the form of dew or
fog, as soon as its capacity for holding
vapour 18 lessened by the cold night.

Q.  Why is there veryoftena fog over MARSHES
and RIVERS, at night-time ? '*

A. Because the air of marshes is



MIST AND FOG. 2338

almost always near saturation; and,
therefore, the least depression of tempera-
ture will compel it to relinquish some
of its moisture in the form of dew or
fog.

Q. What is the DIFFERENCE between dew and
rain P

A. In dew, the condensation is made
near the earth's surface.

In rain, the drops falls from a consid-
erable height.

Q.” What is the cAUSE of both dew and rain ?

A. Cold condensing the vapour of
the air, when near the point of satura-
tion. ’

Q. Why do mist and fog VANISH at sun-rise ?

A. Because the condensed particles
are again changed into invisible vapour
-by the heat of the sun.

Q. Whatis the difference between a MIST and
a ¥oa ?

A. Mist is generally applied to
vapours condensed on marshes, rivers,
and lakes.

Foc is genetally applied to vapours

x38 “
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surface, unless the night has been very

clear indeed.

Q.  Why does hoarfrost very often cover the
GROUND and TREES, when the water of rivers is
not _frozen ?

A. Because it is not the effect of cold
in the atr, but cold on the surface of the
. earth (produced by excessive radiation),
“which freezes dew into hoar-frost.

Q. Why is the hoar-frost upon GRAss and
VEGETABLES much thicker than that upon lofty
trees £

A. Because the air (resting on the

surface of the ground) is much colder
after sun-set, than the air higher up:
in consequence of which, more vapour is
condensed and frozen there.

Q. Why is the a1r (resting on the surface of
the earth) colder than that in the HIGHER regions P

A. Because the earth radiates more
heat than the leaves of lofty trees; and
therefore, more rapidly condenses and
freezes the vapour of the air.

Q. Why are evergreens often FROST-BITTEN,
when lofty trees are NoT?

A.  Because they do not rise far above
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the surface of the earth; and (as the air
contiguous to the earth is made colder by
radiation, than that in the higher regions)
therefore, the low evergreen is often frost-
bitten, when the lofty tree is uninjured.

Q.  Why is there little or no hoar-frost, under
SHRUBS and shady TREES?

A. 1st—DBecause the leafy top arrests:
the process of radiation from the earth :

2ndly—Shrubs and trees radiate heat
towards the earth; and, therefore, the
ground beneath is never cold enough to
congeal the little dew deposited there.

Q. Why is there more HOAR-FROST along the
shady margin of a HEDGE than in the open fleld,
as the day advances $

A. Ist—Because the shade of the
hedge prevents - the dissipation of the
hoar-frost by the sun : and

2ndly—Because the hedge screens off
wind and prevents the repose of the air
being disturbed.

Q.  What 1s the cause of that hoar-frost, which
arises from FROZEN oG P

A. The congelation of night-fog by
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the freezing chill of early morning, in
consequence of which the fog is frozen
upon every object on which it was
deposited. '

CHAPTER XVIIL

L

= 5.—CONVECTION.

Q.  What is meant by the cONVECTION of heat ?

A. Heat communicated by being
carried to another thing or place; as
the hot water rising from the bottom of a
kettle, carries heat upward in its ascent.
(see p. 252.)

Q.  Are liquids good coNpUCTORS of heat ?

A. No; liquids are bad conductors ;
and are, therefore, made hot by con-
vection.

Q.  Why are liguids BAD conductors of heat ?

A. Because their particles (upon
every change of temperature) are put
into motion, and do not remain suffici-
ently long in contact with each other to
conduct heat progressively, like a bar of
iron. .
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When heat is applied to the surface of a fluid, it is very
slowly diffused in a downward direction, because the warmed
particles continually ascend, without having time to impart heat
to the particles below. .

Q. Eaxplain kow water is made HOT.

A. The water nearest the fire is first
heated, and (being heated) rises to the
top ; its place is supplied by colder por-
tions, which are heated in turn, and this
interchange continues till all the water is
boiling hot.

Q. Why is water in such continual FERMENT,
when it €8 BOILING ?

A. This commotion is mainly pro-
duced by the ascending and descending
currents of hot and cold water.

The escape of steam from the water contributes to increase
this agitation.

Q. How do these two currents Pass each other P

A. The hot ascending current rises
up throughthe centre of the mass of water ;
while the cold descending currents pass
down by the metal sides of the kettle.

For other questions upon the subject of boiling water, see from
page 115 to 222,

Q. Why s heat applied to the BOoTTOM, and
not to the top of a ketle

A. Because the heated water alw
ascends to the surface ; if therefore, heat
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were applied to the top of a vessel, the
water below the surface would never be

heated. .

Q.  As the lower part of a grate is made RED-
HoT by the fire above, why would not water boil, if
JSire were applied to the ToP of a kettle ?

A. The 4ron of a grateis an excellent

wconductor ; if, therefore, one part be
heated, the heat is conducted to every
other part: But water is a very bad con-
ductor, and will not diffuse heat in a
similar way.

Q. Prove that water 8 a BAD conductor of
heat. ’

A. When a blacksmith immerses his
red-hot iron in a tank of water, the water
which surrounds the iron is made boiling
hot, while that below the surface remains

quite cold.
Q. If you wish to cooL liguids, where should
the cold be applied ?

A. To the top of the liqguid ; because
the cold portions will always descend, and
allow the warmer parts to come in

contact with the cooling substance.
Q. Does BOILING water get hotter by being
KEPT on the fire ?



STEAM.—SOUP" HOT. 41

A. No:—not if the steam be suffered
to escape.

Q  Way does not boiling water get HOTTER,
if the steam be suffered to escape ?

‘A. Because the water is converted
into steam, as fast as it boils; and the
steam carries away the additional heat.

Q. Why does soup keep hot longer than
boiling water ?

A. Because the grease and various
ingredients floating in the soup, retard
the ascent of the hot particles, and pre-
vent their rising so freely to the surface.’

Q.  If you want to keep water HoT for a long
time, how could it be done ?

A. By adding s little starch or flour
to the water.

Q. Why would a Uittle starcE, added to
boiling water, serve to keep it kot ?

A. DBecause it would retard the
ascent of the hot particles, and prevent
their reaching the surface of the water.

Q. Why do thick milk, rice milk, &c. remain
Hot longer than water®

A. Because the ascent of the
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particles is opposed by the flour or rice,
which therefore cannot reach the surface
so quickly.
Q.  Is sTEAM visible or invisible P
A. Steam is invisible ; but when' it
comes in contact with the air, and is con-
»densed into small drops, it becomes visible.
Q. How do you know that steam is INVISIBLE ?
A. If you look at the spout of a
boiling kettle, you will find that the
steam (which issues from the spout) is
always invisible for about half an inch ;
‘after which, it becomes visible.
Q. 'WHY is the steam invistble for half an tnch P
A. Because the air is not able to
condense it, as it first issues from the
spout; but when 1t spreads and comes in
contact with a larger volume of air, the
tnvisible steam is readily condensed into
visible drops.
Q. WaY do steam-engines sometimes burst P
A. Because steam is very elastic ;
and this elasticity inczeases in a greater
proportion than the heat which produces
1t: unless, therefore, some vent be freely
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allowed, steam will burst the vessel which
confines it. ‘

Q. Is air @ good CONDUCTOR ?

A. Noj; airis a very bad conductor ;
and is heated (like water) by convection.

Q. How i a room warmed by a sTOVE ?

A. The air nearest the fire is made
hot first, and rises; cold air then descends,,
1s heated, and ascends in like manner;
and this interchange goes on, till all the

“air of the room is warmed.

Q. Whyare fires placed on the FLOOR of a room ?

A. Because heated air always ascends.
If, therefore, the fire were not near the
Jloor, the air of the lower part of the room
would never be heated by the fire at all.

Q.  If you take a poker out of a fire, and hold
the hot end DOWNWARDS : why 18 your hand scorched
with heat ?

A. Because the hot end of the poker
heats the air around it; and thjs hot air
(in its ascent) scorches our hand.

Q. How should a RED-HOT poker be carried,
80 as not to burn our fingers P

A. With theshot end wpwards ; for
then the air (heated by the poker) would
not pass over our hand and scorch it.



PART 11I.

AIR.

“ CHAPTER XVII.

Q.  Of what is atmospheric AIR composed ?

A. Principally of two gases, oxygen
and mnitrogen; mixed together in the
following proportion: viz. 1 gallon of
oxygen, to four of nitrogen.

Tt must not be furgotten, that the air contains small guantities
of other gaseous substances also, as vapour of water, carbonic acid,
and ammonia.

Q. What do you mean by a cas? ]
A. A permanent elastic fluid, resem-
bling air.
N.B. MOST GASES ARE INVISIBLE AND TRANSPARENT, LIKE AIR.
“PERMANRNT.”—In this respect gas differs from vapour, which
is not permanent; for vapour may be easily condensed by cold
into & /liguid, but gas does not change its gascous form under
ordinary pressures.
“ Erastic.”—1In this respect gas differs from a liguid, which is
almost inelastic ; whereas gas is exce¢dingly elastic.
“RESEMBLING AIR” ot aeriform.—The word “ Gas” means air,
but air is & oomit:cund of two gases. Some few gases are visible,
83 CHLOKINE, which is a greenish yellow.
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Q. What is the difference between a cas and
a LIQUID ?

A. Gases are elastic, but liquids not.

Q. Illustrate what is meant by ‘‘the ELASTIOITY
of gas.” ) .

A. If from a vessel full of gas, half
were taken out—the other half would
immediately spread itself out, and fill
the same space, as was occupied by the
original quantity.

Q.  Prove that a liquid 8 NOT ELASTIC.

A. If from a gallon of water you take
half, the remaining 4 pints will take up
only half the room, that the whole gallon
previously did : a liquid, therefore, is not
elastic, like gas.

Strictly speaking, a liquid is slightly elastic; inasmuch as it may
be compressed, and will afterwards recover its former dimensions.

Q.  What are the chief uses of the 0XYGEN of
the air ?

A. To support combustion, and sus-
tain life.
Q. What is meant, when it is said, that the
oxygen of the air * SUPPORTS COMBUSTION ?
A. It means shis: It is the ozygen
of the air, which makes fuel burs:
Y3
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Q. How does the oXYGEN of the air make
FUEL BURN?

A. The fuel is decomposed (by heat)
into hydrogen and carbon ; and these
elements, combining with the oxygen of
the air, produce combustion.

Q. What cas is produced by the combination
of carbon and oxygen ?

A. CaBBONIC ACID GAS. (See p.38.)

Q. What becomes of the HYDROGEN of the FUEL?

A. The hydrogen of the fuel combines
with the oxygen of the air, and forms
WATERY VAPOUR; but the combination
is attended by the production of flame,
owing to the very inflammable nature of
hydrogen.

It must be remembered, that the gas of burning fuel is wof pure,
but carburetted hydrogen.

Q. What becomes of the NITROGEN of the air,
amidst all these changes and combinations ?

A. The nitrogen escapes unchanged,
to be again mixed with oxygen, and
converted into common AIR.

Q. What is meant, when it ts said, that
o@ygen * SUSTAINS LIFE"? o,
A. It means this: If a person could

not inhale oxygen, he would die.
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Q. What coop does this tnspiration of
oxygen do ?

A. 1st—1It gives vitality to the blood :
and » :
2ndly—Is the cause of animal heat.

Q. How 18 food converted into BLoOD ?

A. Afteritisswallowed, it is dissolved
in the stomach into a grey pulp, called,
CHYME ; it then passes into the intestines,
and is converted by the “bile” into a

~milky substance, called cHYLE.

Chyme, pronounce kyme—chyle, pronounce kyle—eack as one
syllable.

Q. What BrcOMES of the milky substance
called cEYLE?

A. It is absorbed by the vessels
called “lacteals,” and poured into the

veins on the left side of the neck.
“ Lacteals,” pronounce lac'-te-als.

Q. What becomes of the chyle, AFTER it {8
poured into the veins ?

A. It mingles with the blood, and is
itself converted into blood also.

Q. How dues the oxygen we inhale, MINGLE
with the blood ?

A. The oxygn of the air mingles
with the blood in the lungs, and converts
it into a bright red colour.
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Q. What colour is the blood BEFORE it 18
owidized in the lungs ?

A. A dark purple. The oxygen turns
it to a bright red. -
Oxidized, i. 0. impregnated with oxygen.

Q.  Why are persons so PALE, who live in close
rooms and cities ?

A. Because the air in close rooms
“and cities is not fresh; and being defi-
cient in oxygen, cannot turn the blood to
a beautiful bright red.

Q.  Why are persons, who live in the open air
and in the country, of & RUDDY complexion ?

A. Because they inhale fresh air,
which has its full proportion of oxygen:
and the blood derives its bright red
colour from the oxygen of the air inhaled.

Q. Why is not the air in OITIES 80 FRUSH,
as that in the COUNTRY ?

A. Because it is impregnated with
the breath of its numerous inhabitants,
the odour of 1ts sewers, the smoke of its
fires, and many other impurities.

Q. How does oxygen convert the colour of
blood into a bright RED? '

A. The colouring matter of the blood
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is formed of very minute globules, floating
in it; the oxygen (uniting with the coats
of these globules) makes them milky—
and the dark colouring matter of the
blood (seen through this milky coat)
appears of a bright red.

Exp.: If you put some dark venous blood into a milky glass,
and hold it up towards the light, it will appear of a Sright forid
colour, like arferial blood.

Q.  How does the combination of vxygen with
the blood produce animal HEAT ?

A. The principal element of the blood
is carbon ; and this carbon (combining
with the oxygen of air inhaled) produces
carbonic acid gas, in the same way as
burning fuel. (se¢ p. 89.)

Q.  What becomes of the NITROGEN of the air,
after the oxygen enters the blood ?

A. It is thrown out from the lungs
unchanged, by the act of breathing; to
be again mixed with ozygen, and con-
verted into common AIR.

Q.  Why does the vitiated air (after the oxygen
has been absorbed) comr ,ouT of the MOUTH, and not
sink into the stomach ? o°

A. DBecause it is driven out by the



50 AIR.

contraction of the walls of the chest, and
there is no vacant space in the cavity of

the gullet and stomach for it to fall into.

N.B. Thelungs are a Aoliow mass, capable of holding
air, and of beingszilakd. Theyz'?fg situated in the thorax (or
chest), that the air mus/ enter into them, whenever the cavities of
the thorax are enlarged. The process of breathing is performed
thus: When we INHALE, the thorax (or chest) is expanded; in
consequence of which, a vacuum is {ormed round {he lungs, and
heavy external air instantly enters (through the mouth and throat)
fo supply this vacuum.

hen we ExHALE, the thorax confracfs again; in consequence
of which, it can no longer contain the same guantity of air, as
it did before; and some of it is necessarily ezpelled. When this
expulsion of air takes place, the muscular fibres, which form the
floor of the chest, contract, in order to assist the process.

Q. If (both in combustion and respiration)
the OXYGEN of the air is CONSUMED, and the
NITROGEN REJECTED— Why are not the PROPOR-

TIONS 0f the air DESTROYED ?

A. Because the under surface of vege-
table leaves (during the day) gives out ozy-
gen ; and thus restores to the air the very
element of which it has been deprived.

Q. Whence do leaves onrTAIN the ozygen,
which they exhale ?

A. From the carbonic actd, absorbed
by the roots from the soil, and carried to

the leaves by the rising sap.

N.B. Carbonic acid (it must be i-emembemd) is a compound of
carbon and oxygea.
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Q. How do plants contrive to absorb carbonic
acid from the soil P

A. Tt rises (by capillary attraction)
through the small fibrous roots, after it
has been dissolved in the soil by water.-

Q. Whence does the so1L obtain carbonic acid ?

A, Ist—From the air; from which
it is driven by falling showers :

2ndly—From the decomposition of
vegetable andv animal matters, which
always produces this gas in abundance:
and

8rdly—All lime-stone, chalk, and cal-
careous stones, contain vast quantities
of carbonic acid 1n a solid state, and the

presence of any acid sets it free.
Calcareous, i. e. of a limy nature.

Q. If leaves throw off the OXYGEN of the
carbonic acid, what becomes of the carbon ?

A. Tt is retained to give firmness and
solidity to the plant itself.

Q. Show how God has made ANIMAL life
dependent on that of VEGETABLES.

A.  Awimals reguire oxygen to keep
them alive, and draw it from the air by
inspiration: The under surface of leaves
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gives out oxygen; and thus supplies the
air with the very gas required for the use
of animals.

Q. Show how God has made VEGETABLE life
dependent on that of animals.

A. Plantsrequire carbonic acid, which
is their principal food; and all animals
exhale this gas from their lungs. Thus
animals supply plants with carbonic acid,
and plants supply animals with ozygen.

Q. How is air HEATED ?

A. By “ convective currents.”

Q. Euxplain what i8 meant by * CONVECTIVE
CURRENTS.”

A. When a portion of air is heated,
it rises upwards in a current, carrying
heat with it: other colder air succeeds,
and (being heated in a similar way)
ascends also: and these are called
“ convective currents.”

. “Convective currents”—so called from the Latin words, cum-
veclus (carried with); because the keaf is “ carried with” the
cnrrent.

Q.  Is air heated by the rays of the sux?

A. No; air is wnot heated (in any
sensible degree) by the action of the sun'’s
rays”passing through it.
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Q. Why is the air BOTTER on a SUNNY day,
than on a CLOUDY one ?

A. Because the sun heats the sur-
face of the earth, and the air (resting on
the earth) is heated by contact: as soon
as it is heated ¢t ascends, and its place is
supplied by colder portions, which are
beated in turn also.

Q. If air be a BAD conductor, why does hot
iron become cold, by exposure to the AIR?

A. Because it is made cold—1st
—By * convection;” and 2ndly—By
“ radiation.” ,

Q. How s hot iron made cold by coNVECTION?

A. The air resting on the hot iron
(being intensely heated) rapidly ascends
with the heat it has absorbed ; colder air
succeeding absorbs more heat, and as-
cends also; and this process is repeated,
till the hot iron is completely cooled down.

Q. How is kot iron cooled by RADIATION ?

A. While its heat is being carried
off by ¢ convection,” the hot iron
tllzrows off heat (on’all sides) by radiation
also. ‘
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Q. What is meant by RADIATION ?
A. The throwing off of heat (in all
directions) from the surface of a hot body.

Rediation.~—1t was once thought that heat was emitted from
hot bodies in the form of rays.

Q. How is soup cooLED by being left exposed
to the AIR?

A. It throws off some heat by radia-
tion; but it is mainly cooled down by
convection.

Q. How i3 hot soup cooled down by cox-
VECTION ?

A. The air resting on the hot soup
(being heated) ascends; colder air suc-
ceeding absorbs more heat, and ascends
also; and this process is repeated, till
the soup is made cool.

The particles on the surface of the broth sink as they are cooled
down, and warmer particles rise to the surface; which greatly
assists the cooling process.

Q. Why are hot tea and soups COOLED the
faster for being STIRRED about ?

A. 1st—Because agitation assists
in bringing the hottest particles to the
surface :

2ndly—The actiort of stirring agitates

“the air, and brings it more quickly to the
soup or tea: and
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8rdly—As the hotter particles are
more rapidly brought into contact with
the air, convection 18 more rapid.

Blowing tea or broth cools it also. (See p. 188.)

If a shutter be closed in thé day-time, the
stream of light (piercing through the erevice ) seems
in CONSTANT agitation, WAHY is this ?

A. Because little motes and particles
of dust (thrown into agitation by thee
convective currents of the air) are made
visthle by the strong beam of light,
thrown into the room through the crevice
of the shutter.

Q. Why can we not 8EE the air ?

A. Because it is perfectly trans-
parent, i.e. permits all the rays of light
to pass through it without reflecting any.

Q. Why does water RISE in a common pump ?

A. Because the pressure of the asr
18 removed from the water in the pipe of
the pump by the action of the sucker;
but not from the water in the well.

Take a tube (shaped like a U) partially filled with water, and
let an equal weight be fitted to each orifice: so long as the
weights are undisturbed, the water will remain at the same level
on both sides of the tube; b& if one weight be removed, its place
will be instantly occupied %vith an equal weight of water.” So
in a pump, the air may be compared to these two weights ; as the

action of the sucker removes one, water rushes into the pipe to
counterbalance the weight of air pressing on the water in &weﬂ.
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Q. How high can atmospheric PRESSURE make
water rise in the pipe of a pump ?

A. About 30 feet above the level of
the water in the well.

It would be nearly 34 feet if the pump were of perfect con-
struction. Because & column of water 34 feet high, weighs the
same as an equal-size column of air, reaching to the top of the
atmosphere. N.B. The atmospheric pressure is 15 pounds on
each square inch.

. Q. How s water PUMPED from a well more
than 80 feet deep ?

A. The piston-rod is made to extend
within 80 feet of the water in the well;
and when the water has risen thus high,
it passes through a valve in the sucker,
and is lifted out of the pump by the
piston box.

The water is Jifted from deep wells, and never sucked up
beyond 80 feet.

Q. Why does a syphon “EMPTY a vessel of its
liquid ?

A. Because one side of the bent
tube being longer than the other, con-
tains a greater weight of water, and the
balance is destroyed.

The unequal weight of water in the two tubes, causes the water
of the longer tube to fall out and Ero ;ice a vacuum. In a common
P:cl:r the vacuum is produced by the mechanical action of the
sucker.

Q. Why is it often difficult and painful to
breathe on a mountain top ?
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A. Because the pressure of the air
on a mountain top is not so great as
on & plain. Consequently the fluids in
the body expand, and painfully stretch
the membranes which contain them.

Q. Why do we often feel OPPRESSED just
previous to a storm P

A. Because the air is greatly rarefied;
and the removal of pressure from the
surface of the body, causes a painful
distension.

Q. How do you know that the density of the
air i8 lowered, previous to a storm ?

A. Because the mercury of a barome-
ter rapidly falls.

The mercury in the tube of the barometer is held up, like the
water in the tube of the pump, by the pressure of the atmosphere.

Q. Why do corxs ache previously fo RAIN ?
A. Because the rarefied state of the
air causes distension in the tissues of the
feet; and as the hard corn cannot swell
equall with the softer parts, irritation
is produced in the fibrils of the nerves.
Q. Whydo CELLARS feel warn in WINTER ?
A. Because the external air has not
z 3
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free access into them; in consequence of
which, they remain almost at an even
temperature,—which (in winter time) is
about 10 degrees warmer, than the
external air. '

Q. Why do crLLARS feel cOLD in SUMMER ?

A. Because the external air has not
‘free access into them; in consequence of
which, they remain almost at an even
temperature,—which (in summer time) is
about 10 degrees colder, than the exter-

nal air.
Q. Why does AIR rust 1RON ?

A. Because the oxygen of the air
combines with the surface of the metal,
and produces oxide of irom: which is
generally called “ rust.”

An oxide of iron, copper, &c., is oxygen in combimation with
iron, copper, &c,
Q. Why does hot iron scaLE and PEEL off,
when struck with a HAMMER ?

A. Becanse the oxygen of the air
very readily unites with the surface of
hot troti, and forms a¢metallic oxide (or
rust), which scales off, ‘when struck with
& hammer.
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Q. Does iron RUST in DRY air ?

A. No; iron undergoes no change
in dry air.

Q. Why do stovEs and FIRE-IRONS bscome
RUSTY tn rooms, which are not 0CCUPIED ?

A. Because the air is damp; and
moist air oxidizes iron and steel.

Oxidizes, i, e. rusts. .

Q.  In what part of theyear is it most difficult
to keep STOVES and FIRE-1RONS BRIGHT?

A. In autumn and winter.

Q. Why is it more difficult to keep sTOVES
and FIRE-IRONS bright in autumn and winter, than
in spring and summer

A. Because the capacity of the air
for holding water is constantly on the
decrease, after the summer is over: in
consequence of which, vapour is deposited
on everything with which the air comes
in contact.

Q. Why does GREASING iron prevent its
becoming RUSTY ?

A. Because grease prevents the hu-
midity of air from goming in contact with
the surface of thearon. :

Q. Why do not stoves rust, so frequently as
POKERS and TONGS ?
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A. Because stoves are generally cov-

ered with plumbago, or black lead.
Q. What is plumbago or black lead ?
A. A mixture of charcoal and iron.

Plumbago (strictly speaking) is a chemical union of caréon and
g¢ron, in the following proportions:—91 parts carbon and 9 iron.
But the BLAGX LrAD sold in shops is a mixture of charcoal and
iron filings.

N. B. A most excellent varnish to prevent rust is made of 1
*pint of fat-oil varnish, mixed with 5 pints of highly rectified spirits
of turpentine, rubbed on the iron or steel with a piece of sponge.
This varnish may be applied to bright stoves, and even mathemat-

ical instruments, without injuring their delicate polish.

Q. Why does ornamental STEEL (of a purple
or LILAC colowr) rust more readily, than polished
WHITE 8teel ?

A. Because thelilac tinge is produced
by partial oxidation ; and the process
which forms rust has already commenced.

Q. How can lilac sTEEL be kept ¥REE from
RUST ?

A By keeping it in a dry place.

If DRY AIR contains OXYGEN, why does it
Nor nusr IRON, as well as MOIST air ?

A. Because moisture is necessary to

bring into action the affinity of oxygen

for steel.

Water is decomposed by contact +ith iron ; but it is chiefly the
gen of water which rusts iron. Even DEY alr oxidizes iren at
azzlgh temperature, thus a red-hot poker is rusty, when it cools.

Q. Do any orHER metals (besides iron)
combine rapidly with oxygen ?
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A. Yes; copper, zinc, lead, mercury;
and even silver oxidizes to some extent.

Q. Why do coprer and zINC tarnish ?

A. The tarnish of copper and zinc
is caused by their oxidation: that is,
oxygen from the moist air combines with
the surface of the metals, and (instead of
rusting them) covers them with a dark
tarnish.

Q. Why does LEAD becoms of a DARKER hus,
by being exposed to the air ?

A. Because the oxygen of the moist
air combines with the lead, and oxidizes
its surface ; which instead of becoming
rusty, assumes a darker hue.

Q. Why does lead lose ils brightness, and
become DULL, by being exposed to the air P

A. The dullness of the lead is caused
by the presence of a carbonate of the
oxide : When the oxide is formed, it
attracts carbonic acid from the air, and
by combining with it produces a carbon-
ate, which gives the dull tint to old lead.

Q. Why is it diffieult to keep silver BRIGHT ?

A. Because the vapour of the air
oxidizes its surface, and tarnishes it.
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The tarnish of silver forks and epoons, is often due to the
sulphur and sulphuretted hydrogen of certain foods united to
the silver by saliva, according to a regular galvanic process.
N.B. Without saliva_egg spoons, &c. will not tarnish from food,
because the galvanic fnfluence is not brought into action.

Q. Why do silver TEA-POTS and sPooNs tarnish
more quickly, than silver ore or bullion ?

A. Because alloy of some baser metal

i1s used, to make them more hard and

“lasting ; and this alloy oxidizes more
quickly, than silver itself.

Q. Why does GeRrMAN silver turn a dingy
yellow in a few hours ?.

A. Because Gérman silver has a great
affinity for oxygen; and shows its oxida-
tion by a yellow tarnish, instead of rust.

Q. If quicksilver for mercury) will tarnish
like copper and lead—why does it preserve its bril-
liancy in BAROMETERS and THERMOMETERS ?

A. Because the air is excluded; and
no moisture can come in contact with it,
to oxidize (or tarnish) it.

Q. Is aorp affected by the atmosphere P

A. Not readily; gold will never
combine with oxygen of itself, (i.e.
without aid).

%)
Q. WHICE of the metals is capable of resist-
ing owidation altogether ?

A. Platinum; in consequence o
> q
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which, the graduated arcs of delicate

“instruments for observation” are made

of plat'inum, in preference to other metals.
Before plat/inum was known, gold was used for this purpose.

Q. Why is pLaT'INUM used for the graduated
arcs of delicate mathematical instruments, instead of
any other metal ?

A. Because it will never oxidize ; but,
retains its bright surface in all weathers,
free from both rust and tarnish.

“Platinum,” (a white metal), so called from * plata,” the Spanish
word for silver. It was introduc.d from South America into
England by Mr. Wood, (A.D. 1749).

Q. For what other SCIENTIFIC purposs i3
PLAT'INUM now used ?

A. TFor the construction of crucibles
in which acids are to be employed ; and
for the formation of some of the plates
for galvanic batteries.

Q. Why are crucIBLES (in which acids are
employed) made of PLAT'INUM ?

A. Because the acid would act upon
other metals, or upon glass ; and prevent
the experimenter’s success.

Q. Which of thg METALS have the greatest
affinity for oXYGEN P,

Those called potas'sium and
so'dium.
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Potas'sinm and so‘dium derive their names from potash and
.?da"d’ Potas’sa is the oxidé of potas’sium; and soda is the oxide
of so‘dium. :

Q. How s the affinity of potas'sium and
so'dium for oxygen shewn ?

A. They decompose water immediately
they are brought into contact with it.

Q. What effect has PoTAs'SIUM on water P

A. Tt decomposes it. The hydrogen
being set free, combines with the oxygen
of the air, and is ignited by the latent
heat liberated from the potassium.

N. B. Water is composed of oxygen and hydrogen ; Potassinm
separates these two gases.

Q. What effect has so’pruM on water ?

A. It does mnot produce flame, as
potassium does; but it decomposes water,
and undergoes very rapid ozidation.

Q. Is the FURR of KETTLES an ovide ?

A. No; the furr (or deposit of
boiling water) is a precipitate of lime
and mineral salt, separated from water
by the process of boiling.

Q. Is not the FURR of boiling water often
DANGEROTUS ?

A. Yes; especially,in tubular boilers,

such as those employed in railways.
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Q. Why is FURR especially troublesome in
RAILWAY engines ?

A. DBecause it is a bad conductor of
heat: in consequence of which, it hinders
the process of evaporation ; and as more
fuel 1s required to produce the needful
amount of steam, a great waste of fuel
18 incurred. .

Q. Why i3 FURR especially DANGEROUS in

RAILWAY eéngines ?
"~ A. Because the boilers are likely to
become over-heated, when furr is deposited
in them, as the water 18 no longer in
immediate contact with the metal itself:
When this is the case, explosion may
occur from the sudden generation of
highly elastic steam.

Q. Why are RAILWAY engines never fed with
BRACKISH water ?

A. Because brackish water contains
much mineral matter ; which causes a
large deposit of furr.

Furr may be removed from kettles by boiling in them a little
sal.ammoniac (hydrochlorateyof ammonia). The hydrochloric
acid unites with the lime of the furr, and the carbonic acid goes
to the ammonia. Both of’these new compounds dissolve, and
wash away most easily.

Aa
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CHAPTER XIX.

D ]

CARBONIC ACID GAS.

Q. What is CARBONIG ACID gas?
A. A gas formed by the union of
~carbon and oxygen: It used to be called

“ PFIXED AIR.”

3 Ibs, of carbon and 8 1bs. of oxygen will form 11 Ibs. of car-
bonic acid. It may be obtained and collected in the usual way,
by pouring a mixture of one &)art of muriatic acid, and 10 of water,
on pounded marble contained in & retort.

Q. «Under what circumstances does CARBON
most readily unite with 0XYGEN ?

A. 1st—When its temperature 1s
raised : Thus if carbon be red hot, oxygen
will most readily unite with it: and

2ndly—When it forms part of the fluid

blood.

Q. Why do oxzygen and carbon so readily
unite in the BLOOD ?
A. Because the atoms of carbon are

s0 loosely attracted by the other materials
of the blood, that they unite very readily
with the oxygen of the air inhaled.

Q. Is carbonic acid WHOLESOME ?
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A. No; it is fatal to animal lfe;
and (whenever inhaled) acts like a nar-
cotic poison, producing drowsiness, which

sometimes ends in death.
Q. How can any one KNow, if a place be
infested with CARBONIC ACID gas?

A. If a pit or well contain carbonic
acid, a candle (let down into it) will be,
instantly extinguished. The rule, there-
fore, is this—Where a candle will burn,
a man can live ; but what will extinguish

a candle, will also destroy life.
Q. Why does a MINER lower a CANDLE to the
bottom of a mine, befors he descends ?

A. Because a candle will be extin-
guished, if the mine contain carbonic
acid gas: but if the candle be not extin-
guished, a man may fearlessly descend.

Q.  Why do well-sinkers often let down buckets
of fresh-slacked LIME in wells, before they descend P

A. Because if carbonic acid be pre-
gent, the lime will absorb it to form
carbonate of lime.

Q. Why does a, CROWDED ROOM produce
HEAD-ACHE ?

A. Because ifs air is vitiated by the
action of many human lungs.. 422
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Q. Why s the air of a roomvitiated by a cRowWD ?

A. Because it is deprived of its due
proportion of oxygen, and laden with
carbonic acid.

Q. How s the air of a room vitiated by a crowd ?

A. The elements of the air inhaled are
separated in the lungs :—A part of the

.oxygen is converted in the blood into
carbonic acid; and then thrown back
again with the breath into the room.

Q. Why are sailors occasionally killed when
sent to examine the well of a ship ?

A. Because it contains carbonic acid,
probably given off from some part of the
cargo, in consequence of its fermentation.
This gas remains in the lowest hollows
of the hull, in consequence of its great
weight.

L. " rice and coffee sometimes get damp from leakage,
and then ferment and throw off vast quantities of carbonic acid.
March 1, 1817, four men were killed in the trading ship, Grab
Hawoody, in its voyage from Calcutta, in consequence of being
sent to examine the well containing carbonic acid, given off from
some damp rice.

Q. Mention the historical circumstances, 80
well knouwn in connexion with the “ BLack HoLr”
of Calcutta. !

A. In the reign of George II., the
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Raja (or Prince) of Bengal marched
suddenly to Calcutta, to drive the En-
glish from the country; as the attack
was unexpected, the English were
obliged to submit, and 146 persons

were taken prisoners.

The Sur Raja, at Dowlat; a young man of violent passions,
who had but just succeeded to the throne. A.D. 1756.

- Q. What became of these prisoners ?

A. They were driven into a place
about 18 feet square, and 15 or 16 feet
in height, with only two small grated
windows. 123 died in one night; and
(of the 23 who survived) the larger por-
tion died of putrid fevers, after they were
liberated.

Q. Why were 128 persons SUFFOCATED in a
Sew hours, from confinement in this close hot

A. Because the oxygen of the air was
soon consumed by so many lungs, and its
place supplied by carbonic acid, exhaled
with the hot breath.

Q. Why did thecaptives in the BLaok Hork
di¢ SLEEPING ?

A. 1st—Because the absence of oxy-
Aa3d
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gen quickly affects the vital functions,
depresses the nervous energies, and
produces great lassitude: and
Rndly—Carbonic acid (being & narcotic
poison) produces drowsiness in those who

inhale it, before it kills them.

The floor of the Grotto del Cang, in Italy (i.e. Cavern of Dogs)
«is always laden with carbonic acid. It is a common practice with
the guides who show it, to drive dogs in, and cause them to suffer
& temporary death. A man may safely enter the cavern, because
his mouth reaches far above the noxions gas, which, being nearly
twice as heavy as air, settles on the bottom of the cave.

The Lake Averno, which Virgil supposed jto be the entrance to
the infernal regions, gives out so much of this gas, that birds,
flying over it, are suffocated. Lake Averno means, zke lake

structive Lo birds.

Q. Why are the JuNeLES of Java and Hin-
dostan 8o FATAL to life ? )
A. Because vast quantities of carbonic

actd are thrown off by decaying vegetables
in these jungles; and (asthe wind cannot
penetrate the thick brushwood, to blow
the pernicious gas away) it settles there,

and destroys animal life.

The Valley of Death, in Java, is covered with the skeletons of
birds, beasts, and human beings, which have been suffocated by
the carbonic acid gas which abounds in the fatal valley.

Q. Why do persons ina crowded CHURCH feel
DROWSY ? ‘ o
A. 1st—Because a large portion of

the oxygen of the air, which alone can
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sustain healthy action, has been consu-
med by the lungs of the congregation: and

2ndly—The air of the church is im-
pregnated with carbonic acid gas, which
(being a strong narcotic) produces drow-
siness in those who inhale it.

Q.  Why do persons, who are much in the oPEN
AIR, enjoy the best health ?

A. Because the air they inhale is
much more pure. .

Q. Why is COUNTRY AIR more pure, than the
air in CTTIES ?

A. 1st—DBecause there are fewer
inhabitants to vitiate the air: ‘

2ndly—There are more trees to restore
the pure character of the vitiated air : and

8rdly—The free circulation of air
prevents the accumulation of vitiated
products.

For the same reason, running streams are pure and wholesome,
while stagnant waters are the contrary.

Q. Why does the ScANTINESS of a country
population render the CQUNTRY AIR more pure ?

A. Because the fewer the inhabitants,
the less carbonic acid will be thrown into
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the atmosphere ; and thus country people
inhale pure air, instead of air impregna-
ted with carbonic acid gas.

Q. Why do trees and flowers help to maks
country air WHOLFSOME ?

A. 1st—Because they absorb the car-
bonic acid generated by the lungs of
“animals, putrid substances, and other
noxious exhalations: and

2ndly—Trees and flowers restore to
the air the oxygen, contained in the
carbonic acid which they absorb.

Q. Why s the air of cITIES less wholesome,
than COUNTRY air ?

A. 1st—Because there are more
inhabitants to vitiate the air:

2ndly—The sewers, drains, bins, and
filth of a city, very greatly vitiate the air:

8rdly—The streets and alleys prevent
a free circulation: and

4thly—There are fewer trees to absorb
the excess of carbonic acid gas, and
restore oxygen.

Q.
Q. Why are persons, t‘oho live in close rooms
and crowded cities, generally sICELY ?

A. Because the air they breathe is
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not pure; but is both defective in oxygen,
and also impregnated with carbonic acid.

Q. Where does the carbonic acid of close
rooms and cities COME from ?

A. From the lungs of the inhabitants,
the sewers, drains, and other like places,
in which organic substances are under-
going decomposition.

Q. What BEcoMES of the earbonic acid of
crowded cities P

A. Some of it 18 absorbed by vegeta-
bles ; and the rest is blown away by the
wind, and diffused through the whole
volume of the air.

Q.  Does not this constant diffusion of carbanic
acid affect the PURITY of the WHOLE aix ?

A. No; because it is wafted by the
wind from place to place, and absorbed in
its passage by the vegetable world.

Q. What is CHOKE DAMP?

A.  Carbonic acid gas accumulated at
the bottom of wells and pits; which ren-
ders them noxious, and often fatal to life.

Q. Why is not t]u?s carbonic acid TAKEN ©p
by the air and DIFFUSED, as it s in cities ?
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A. Because it cannot rise from the
well or pit,in consequence of being heavier
than air; and no wind can get to it, to

help its diffusion.
47% lbs. of carbonic acid weigh as mnch as 100 lbs. of
atmospheric air.

Q. Why are persons sometimes KILLED, by
leaning over BEER VATS ?

* A. Because vats (where beer has been

made) contain large quantities of car-
bonic acid gas, produced by the * vinous
fermentation” of the beer; and when a
man incautiously leans over a beer vat,
and inhales the carbonic acid, he is im-
mediately killed thereby.

Q. Why are persons often KILLED, who enter
BEER VATS to clean them 9

A. Because carbonic acid (being hea-
vier than atmospheric air ) often rests upon
the bottom of a vat: when, therefore, a
person enters it, and stoops to clean the
bottom, he inhales the pernicious gas,
which kills him.

Q. Why are persong sometimes killed by
having a CHARCOAL FIRE in thetr bedrooms ?

A. Because the carbon of burning
charcoal unites with the oxygen of air,
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and forms carbonic acid gas; which is a
narcotic poison.

Q. If carbonic acid settles at the BoTToM of @
room, how can it injure a person LYING upon a
BED, raised considerably above the floor ?

A. All gases diffuse themselves through
each other, as a drop of ink would diffuse
itself through a cup of water. If, there-,
fore, a person slept for 6 or 8 hours 1 in’
a room containing carbonic acid, quite
enough of the gas will be diffused through-

out the room to produce death.
The Aeat of the fire assists the process of diffusion.
Q. What are the chief sources of CARBONIC
AcID ?

A. 1st—The breath of animals:

Rudly—The decomposition of vegeta-
ble and animal matter: and

8rdly—Lime-stone, chalk, and all cal-
careous stones,—in which it exists in a
~solid form.

Q. From which of these sources is carbonic
acid most likely to ACCUMULATE to a noxious extent #

A. From the fermentation and putre-
faction of decaying vegetable and animal
matters.
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Q. How can this accumulation of carbonic
acid be PREVENTED ?

A. By throwing fresh-slaked lime into'
places, where such fermentation and
putrefaction are going on.

Q. How will FRESH-SLAKED LIME prevent the
acoumulation of carbonic acid ?

A. " By absorbing it; and producing a
combination called ¢ carbonate of lime.”

‘When lime is slaked, all its carbonic acid is driven off by the
heat; therefore, it is free to combine with more.

Q. Does not heavy RAIN prevent the accumu-
lation of carbonic acid, as well as quick-lime ?

A. Yes; an abundant supply of water
will prevent the accumulation of carbonic
acid, by dissolving it.

N.B. Red heat (as a pan of red-hot coals, or a piece of red-

hot iron) will also soon disperse the carbonic acid gas, accumulated
in a pit or well.

Q. What effect has carbonic acid on the
WATER, tn which it i3 dissolved ?

A. It renders it slightly acid to the
taste.

Q. Can the capacITY of water for dissolving
carbonic acid be increased ?

A. Yes. Carbonicacid may be forced
into water by pressure to a considerable
extent.
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Q. To what practical vsEs has this capacity
of water{ for dzssolvmg carbonic acid) been applied ?

A. Effervescing draughts are made
upon this principle.

Q. Eaxplain the cause of EFFERVESCENCE in
these beverages.

A. The carbonic acid of the beverage
(imprisoned by the cork) is forced intq
the liquor by pressure, and absorbed by
‘it: but when the cork is removed, the
carbonic acid flies off in bubbles or

effervescence.
Q. Why does AERATED water effervesce when
the CORK 18 removed ?

A. While the bottle remains corked,
the carbonic acid is forced into the water
by pressure, and absorbed by it: but
when the cork is removed, it flies off in

effervescence.
Q.  Why does soDA WATER ¢ffervesce P

A. Because it contains 8 times its
own bulk of carbonic acid gas, which has
been forced into it by pressure; which
malkes its escape in effervescence, as soon

as the cork is removed.
Q. Why does GINGER PoP fly about in froth,
when the string of the cork is cut ? B &
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- A, Because it contains carbonic acid
gas. While the cork is fast, the carbonic
acid is forced into the liquor; but when
the pressure is removed, the gas is given
off in effervescence.

N. B. All vinous fermentation produces carbonic acid.

Q. Why does BorTLED ale froth more, than
DRAUGHT ale ?

A. Because the pressure is greater
in a bottle, than in a tub which is
continually tapped: and the amount of
effervescence is always in proportion to
the pressure to which the liquid has been
subjected.

Q. What produces the FROTH of BOTILED
porter 7 ®

A. Carbonic acid, generated by the
vinous fermentation of the porter: This
gas is absorbed by the liquor, so long as
the bottle is well corked ; but is given off
in froth, when the pressure of the cork
is removed.

Q.  What gives the pleasant AcID taste to soda
water, ginger beer, champagne, and cider ?

. The presence of carbonic acid,
generated by fermentation ; and liberated
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by effervescence, when the pressure of
the cork is removed.

Q. Why does fresh SPRING WATER SPARKLE,
when poured from one vessel to another ?

A. Because fresh spring and pump
water contain carbonic acid; and the
presence of this gas makes the water
sparkle. .

Much of the froth and bubbling of ale, beer, WATER, &ec. when
they are “ poured high,” is due to common air imprisoned by the
action of dropping water. -

Q. What 13 the FERMENTATION of BEER and
WINE ?

A. The escape of carbonic acid,
produced by the change of sugar into
al'cohol.

Q. What is AL'conoL ? w

A. The spirit of beer and wine,
obtained by fermentation.

Q. Of what ELEMENTS i8 AL'COHOL composed ?

A. Of carbon, oxygen, and hydrogen.

Of AL/COHOL, 4 parts are carbon ; 2 oxygen; and 6 hydrogen.

Q. What are the ELEMENTS of grape SUGAR?

A. Carbon, oxygen, and hydrogen,
all in equal propoxtions.

Q. What cHANGEs does BUGAR undergo by
FERMENTATION ?

A. Itis first decomposed; and then
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its elements re-unite in different propor-
tions ; producing alcohol, carbomic acid,

and water.

Of 8UGAR, one portion is alcohol; and another carbonic acid :
as may be seen by the following table:
Carbi;g. Ozygm. Bydro.

Every atom of anhydrous sugar contains 2 12
Two atoms of Alcohol contain 8 4 12

_ Four atoms of carbonic acid contain 4 8 0
12 12 12-

N.B. “Anhyarous sugar” is sugar dried at 3000,

Q. Iéow does 8UGAR form AL'coHOL by fer-
mentation

A.  TPwo-thirds of its carbon and one-
third of its oxygen re-unite with the
hydrogen, and generate a'lcohol.

Q. How does suGAR form carbonic acid by
Jermentation ?

. A. The remaining one-third of its
carbon and two-thirds of its oxygen re-

unite, and generate carbonic actd.
Q. What BEcoMES of the al'cohol, which is
thus generated by fermentation ?

A. [t mixes with the water, and forms
the intozicating part of beer and wine.

Q. What is the most corgmon reason for beer,
wine, and other fermented liquors turning sour d
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A. Air gets to them, and its oxygen
acidifies the alcohol, turning it into
vinegar.

Sugar passes at once into vinegar, when it is fermented in the
open air.

Q. Why is BARLEY MALTED ?

A. Because germination is produced
by the artificial heat ; and in germination,
the starch of the grain is converted into
sugar. '

Q. How is barley malted ?

A. 1t is moistened with water, and
heaped up ; by which means, great heat is
produced, which makes the barley sprout.

See “ spontaneous combustion,” p. 57.

Q. Why is not the barley suffered to arow
as well as sProOUT ?

A. Because plants in the germ contain
more sugar, that in any other state; as
soon as the germ puts forth shoots, the
sugar of the plant is consumed, to support

the shoot.

Q. How is barley PREVENTED from S8HOOTING,
in the process of MALTING ?

A. Itis put ifito a kiln, as soon as it
sprouts ; and the heat of the kiln checks
or destroys the young shoot. B a3
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Q. What is YEAsT ?

A. The foam of beer (or of some
similar liquor) produced by fermentation.

Q. Whyis YEAST used in BREWING ?

A. Because it consists of a substance
called glu'ten, undergoing putrefaction ;
in which state it possesses the peculiar

property of exciting fermentation.

If the gluten were not in a putrefying state, it could not produce
fermentation.

Q. What s glu ten ?

A. A tough elastic substance, com-
posed of carbon, oxygen, hydrogen, and
nitrogen.

It is the presence of nitrogen which gives yeast the power to -
excite fermentation.

Q.  Does MaUT contain glu'ten ?

A. Yes. The infusion of malt, called
‘ sweet-wort,” contains an abundance of
glu'ten; and the yeast (which converts
its sugar into alcohol) converts this
glu'ten into yeast.

Q. Why i3, YEaST needful, in order to make
the infusion of malt into BEER ?

A. Because the presence of a putre-
fyingbody containing nitfogenis essential,
in order to convert sugar into al'cohol.
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Q. What EFFECT has yeast upon the sweet-
wort ?

A. It causes the sugar of the wort
to be converted into al'cohol and carbonic
acid ; and its GLU'TEN into yeast.

Q. What change is produced in glu'ten by
PUTREFACTION ?

A. Tts elements are loosened from
their former conditions of combination,
.and re-arranged (with the addition of

oxygen from the air) into a new series.
Q. What is the difference between FERMENTA-
TION and PUTREFACTION ?

A. TFERMENTATION 18 a change
effected in the elements of a body com-
posed of carbon, oxygen, and hydrogen,
without nitrogen. PUTREFACTION is a
change effected in the elements of a body
composed of carbon, oxygen, hydrogen,
and nitrogen.

Q. What NEW COMPOUNDS are produced by
the change called fermentation ?

A. Alcohol and carbonic acid.—The
alcohol is still further changed (unless
the process be checked) into ace'tic acid
“or vinegar. v
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Q.  What new compounds are produced by the
change called PUTREFACTION P

A. The carbon, oxygen, hydrogen,
and nitrogen, of the original substance
(being separated by decomposition) re-
unite in the following manner. 1. Carbon
and oxygen unite to form carbonic acid.
Q. Oxygen and hydrogen unite to form
water. 3. Hydrogen and nitrogen unite
to form ammonia.

Hartshorn is a solution of ammonia in water.

N. B. When bodies containing sulphur and phosphorus putrefy,
the sulphur and phosphorus unite with Aydrogen, and form
swlphuretted and phosphuretted hydrogen gases.

Q.  What BECOME of these several products of
putrefaction ?

A. They are all elastic bodies, and
escape into the air.

N.B. Waler in the condition of vapowr, is both elastio and
gaseous,

Q.  What is the cause of the OFFENSIVE SMELL
which issues from putrefying bodies ?

A. The evolution of ammonia, or of
sulphuretted and phosphuretted hydrogen
gases; all of which have pungent and
offensive odours. *

Q. Why do boiled EGGH DISCOLOUR a SILVER
SPOON ?
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A. Because they contain a small
portion of sulphur, which unites with the
silver, and tarnishes it as soon as 1t

mmstened with saliva.

Both the white and yolk contain sulphur—the latter more
abundantly. The tarnish is a sulphuret of silver, and may be
easily removed by rubbing with hartshorn or table salt.

Q.  What causes the offensive smell of STALE
hard boiled EGas ?

A. The hydrogen of the egg combin-"
‘ing with its sulphur and phosphorus,
form sulphuretted and phosphuretted hy-
drogen ; both of which gases have an

offensive odour.

Of an egg 55 parts are carbon, 16 nitrogen, 7 hydrogen, and
the remaining 22 are oxygen, phosphorus, and sulphur.

Q. Whyis it NoT needful to put YEAST into
GRAPE juice, tn order to produce fermentation ?

A. Because grape juice contains a
sufficient quantity of a mnitrogenized
substance like yeast, to produce fermen-
tation without it.

Nitrogenized, i. e. containing nitrogen.
Q. Why do mot GRAPES ferment, while they
hang on the VINE?

A. Because the water of the juice
evaporates through the skin,.and allows
the grapes to skrivel and dry up, after
they are ripe.
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Fermantation cannot occur unless the sugar be dissolved in a
sufficient quantity of water.

Q. What is the FROTB or SCUM of fermented
liquors #

A. Pautrefying glutinous substances
(resembling yeast), which rise to the
surface from their lightness.

Q. Why is beer FLAT, if the cask be left open
oo long ?

A. Because too much of the carbonic
acid gas, (produced by fermentation) 1s
suffered to escape.

Q. Why are beer and porter made stale by
being ewposed to the AIR?

A. Because too much of the carbonic
acid gas (produced by fermentation) is
suffered to escape.

Q.  Why does beer turn FLAT, if the VENT PEG
be left out of the tub ?

A. Bccause the carbonic acid gas
escapes through the vent hole.

Q. Why will Not beer run out of a tub, till
the VENT PEG s taken out ?

A, Becau e the upward pressure of

- the external air (admitted through the

tap) holds .the liquor back,—not being

counterbalanced by any pressure of air
on the surface of the liquid.
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The wpward pressure of air may be illustrated by the following
simple experiment :—Fill a wine glass with water; cover the top
of the glass with a piece of writing paper; turn the glass upside
down, and the water will not run out. ~The paper is used merely
to give the air a medium sufficiently dense to act against,

Q. Why does the beer run FREELY, ¢mmedi-
ately the VENT PEG 48 taken out ! *

A. Because air rushes immediately
through the vent hole at the top of the tub,
to counterbalance the air admitted bye
the tap; in consequence of which the
‘liquid escapes by its own weight.

Q.  Why does liquor flow reluctantly out of a
BOTTLE held upside down ?

A. Because the upward pressure of
the air, interferes with its free escape
from the narrow mouth of the bottle.

Q. Why should a bottle be held oBLIQUELY,
tn order to be emptied of ils liguor 2

A. Because the liquor will then run
out by the under portion of the neck, and
allow the air to flow in by the upper part
to counterbalance the upward pressure.

Q. Why does wine (poured from a bottle
QUICKLY) spirt about, without going into the
decanter ? 4

A. Because it fills the top of the
decanter (like a cork), and leaves no room
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for the air inside to escape ; the decanter,
-therefore, (being full of air) refuses to
admit the wine.

Q. ‘Why does the EFFERVESCENCE of soda
water and ginget beer very soon go off P

A. Because the carbonic acid, (which
produced the effervescence) very rapidly
escapes into the air.

Q. Why is boiled water FLAT and insipid £

A. Because the whole of the carbonic
acid is expelled by boiling, and escapes
into the air.

Q. Why does YEAST make bread LIGHT ?

A. Because it produces a species of
fermentation on the starch and glu'ten
of flour, as it does in the sugar of malt.

Q. How doss FERMENTATION make the dough
RISE ?

A. During fermentation, carbonic
actd gas is evolved; but the sticky
_texture of the dough will not allow it to
escape ; so it forces up little bladders all
through the dough.

Q. Why is poucH placed before a fire P

A. 1st—DBecause the heat of the fire
tncreases fermentation : and :
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2ndly—1It expands the gas confined in
the little bladders; in consequence of
which, the bubbles are enlarged, and the

dough becomes lighter and more porous.
Q. Why is bread HEAVY, 'if the dough be
removed from the fire ?

A. Because the dough gets cold, and
the air in the bladders condenses In
consequence of which, the paste falls,—

and the bread becomes close and heavy.
Q. Why is wheaten bread more NUTRITIOUS
than that made from any other grain P

A. Because wheat contains more
gluten than other grains, on which its
nutritive quality depends.

Good wheat flour contains about 25 per cent of gluten.

Q. What causes the HEAT of fire ?

A. Theheated carbon of fuel combines
with oxygen from the air, and produces
carbonic acid gas, by which chemical
action heat 13 evolved.

Q.  What causes the heat of animal bodies ?

A. The carbon of the blood com-
bines with oxygen from the air inhaled,
and produces carbonic acid gas; which
evolves heat in & way similar to burning
fuel. _ ca
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Q. Whence does the HEAT of a DUNGHILL
arise P

A. The straw, &c. of the dunghill,
undergoes fermentation from decay, and
produces carbonic acid gas; from which
heat is evolved by a species of com-
bustion, as in the two former cases.

.. Q. How does the formation of CARBONIC ACID
(in all these cases) produce HEAT ?

A. Carbonic acid has less power of
bolding latent heat, than carbon and
oxzygen have: when, therefore, these ele-
ments are changed into carbonic acid,
latent heat is given off, and made sensible.

Q. Whydo persons throw LIME info bins and
sewers, to PREVENT tAeir offensive smell in summer-
time ?

A. Because they contain various
gases, which readily combine with lime ;
and neutralize their offensive odours.

Q. Why should WATER (used for washing) be
exposed to the air ?

A. Because it is made softer by
exposure to the air.

Most spring water holds lime in solution as a &icardonate, in
consequence of the presence of abundant carbonic acid. Cars
bonic acid escapes by exposure to air—ind the lime is consequently,
deposited as a carbonate. The bicarbonate of lime contains twice
a8 much carbonio acid as the carbonate.
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Q. Why is hard WATER wmade BOFTER by
exposure to air ?

A. 1st—DBecause the mineral salts
(which cause its hardness) subside : and
2ndly—Because the carbonic acid of
the water makes its escape into the air.
Q. Howis the carbonic acid of water produced !
A. By the presence of what is called
the bicarbonate of lime, which is fre-
quently held in solution by hard water.

Bicarbonate of lime is a salt, composed of lime and carbonio
acid.

Q. Why is HARD WATER more agrecable to
DRINK, than soft water ?

A. Chiefly because it contains car-
bonic acid.

Q.  Whyis water, FRESH from the pump, more
SPARKLING, than after it has been drawn some time?

A. DBecause water fresh from the
pump contains carbonic acid, which soon
escapes into the air, and leaves the water
flat and stale.

Q. Why is quick-LIME formed by subjecting
chalk and limestone to jntense heat in a kiln ?
A. Because the carbonic acid (which

rendered it meld) is driven off by the
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heat of the kiln : and the lime becomes

quick or caustic.

Chalk and lime-stone are not durnt, but calcined by the heat
of the kiln.

Q. What i3 MORTAR?

A. Lime mixed with sand and water.

Q.  What is the difference between QUICK-LIME
and SLACKED-LIME ?

. A. Slacked-limeisquick-lime towhich

water has been added.

‘When quick-lime is slacked, by the addition of water, great heat
is given out; the lafent keat of the fluid water being made sensible
when it becomes solid by uniting with the lime.

Q. Why does MORTAR become HARD, after @
Jew days ?

A. Because the lime re-imbibes from
the air the carbonic acid which had been
expelled by fire; and the loose powder
again becomes as hard as the original

lvme-stone.
Q. Ezplain in what way MORTAR 8 adhesive,

A. When the carbonic acid is expel-
led, the hard lime-stone is converted 1nto
a loose powder, which (being mixed with
sand and water) becomes a soft and sticky
plaster ; but, as soohr as it is placed
between bricks, it re-tmbibes carbonic acid
and hardens into lime-stone again.
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CHAPTER XX.

CARBURETTED
HYDROGEN GAS.

Q. What s CHOKE-DAMP ?
A, Carbonic acid gas accumulated
at the bottom of wells and pits. It is
called croxE damp, because it chokes
(or suffocates) every antmal that attempts
to inhale it (see p. R66).

It suffocates without getting into the Junmgs, by closing the outer
orifice spasmodically.

Q. What is marsh-gas or. FIRE-DAMP ?

A. Carburetted hydrogen gas accu-
mulated on marshes, in stagnant waters,
and coal pits; it is frequently called
“inflammable air.”

Q. What i3 CARBURETTED HYDROGEN GAS?

A. Carbon chemically combined with
hydrogen.

Q. How may CARBURETTED HYDROGEN GAS
be PROCURED on marshes ?

A. By stirring the mud at the bottom
cad
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of any stagnant pool, and collecting the
gas (as 1t escapes upwards) in an inverted

glass vessel.
Q. What i8 cOAL-GAS ?

A. Carburetted hydrogen, extracted
from coals by the heat of fire.

Q. Why s carburetted hydrogen gas called
FIRE-DAMP, or inflammable air ?

A. . Because it very readily explodes,
when a light is introduced to it.
Provided atmospheric air be present,

Q. Why s carburetted hydrogen gas fre-
quently called MARSH Gas?

A. Because it is generated in
meadows and marshes from putrefying
vegetable substances.

See ignis fatuus, 298.

Q. What gas is evolved by the wick of a
btirning cANDLE ?

A. Carburetted hydrogen gas: The
carbon and hydrogen of the tallow combine
into a gas from the heat of the flame;
and this gas is called carburetted hydrogen.

Q. Why does the air in coal-mines frequently
EXPLODE ?

A. Because the carburetted hydrogen
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gas (generated in these mines by the
coals) having mixed with common air,
explodes, when a light is incautiously
introduced.

Q. How can miners sEE in coal pits if they
may never introduce @ LIGHT ?

A. Sir Humphrey Davy invented a
lantern for the use of miners, called ‘“the
Safety Lamp;” which may be used with-
out danger.

Q.  Who was Sir Humphrey Davy ?

A. A very celebrated chemist, born
in Cornwall, 1778 ; he died 1829.

Q.  What sort of thing is the SAFE1Y-LAMP ?

A. A kind of lantern, covered with a
fine wire gauze, instead of glass or horn.

Q. How does this fine WIRE GAUZE prevent
EXPLOSION in a coal mine ?

A. By preventing the flame of the
lamp from communicating with the in-
flammable gas of the mine.

N. B. The interstices of the wire gauze must not be fewer than
400 to a square inch.

Q. Why will nof FLAME PASS THROUGH very
Jine wire-cAvzE ?

A. Because ,metal is a very rapid
conductor of heat; and when the flaming
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gas (burning in the lamp) reaches the
wire-gauze, so much heat is conducted
away by the wire, that the flame cannot
ignite the explosive gas of the mine.

Q. Does the gas of a COAL-PIT get THROUGH
the wire-gauze INTO the LANTERN ?

A. Yes; and the inflammable gas
Jdgnites, and burns inside the lamp: but
no danger arises, so long as the wire-
gauze does not become very much heated.

Q. How can the miner tell when the moment
of DANGER has arrived ?

A. By observing when the wire-gauze
becomes red-hot ; danger is then present:
for should the heat rise higher, the flame
would pass and produce an explosion,
because the wire would be no longer able
to cool it.

N.B. When the carburetted hydrogen gas ezplodes from a

miner’s candle, the miner sometimes perishes in the dlast of the
Jlame ; and sometimes, suffers swfocation from the carbonic acid
thus produced.
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CHAPTER XXI.

PHOSPHURETTED
HYDROGEN GAS.

Q. Fromwhat do the very OFFENSIVE EFFLUVIA
of DEAD BODIES in church-yards arise ?

A. From a gas called PHOSPHURETTED
HYDROGEN ; which is phosphorus combined
with hydrogen gas.

The escape of ammonia and sulphuretted hydrogen contributes
much to this offensive odour.

Q. What is PHOSPHORDS ?

A. A pale amber-coloured substance,
resembling wax in appearance.  The
word 1s derived from two Greek words,
which mean “to produce or bring light.”
(¢wr—¢epew )

How is pHOSPHORUS obtained P
A By heating bones to a white
heat: by which means, the animal
matter and charcoal are consumed, and
a substance called ¢ phosphate of lime” is
left behind.

Q. What is the PHOSPHATE OF LIME ?
A. The principal constituent of bones.
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It is a compound of phosphorus, oxygen,
and lime.

Ehosphorus and oxygen in combination constitute phosphoric
aci

Q.  Of what is the ignitible part of LUCIFER
MATCHES made ?

A. Of phosphorus; and above 250
thousand lbs. are used every year in
“London alone, merely for the manufac-
ture of lucifer matches.

Q.  Why do lucifer matches so readily ignite ?

A. Because phosphorus (with which
they are tipped) inflames with such a
slight degree of heat, that even gentle
pressure or friction will raise its tem-
perature enough to kindle it into flame.

Q. What is the cause of the 1GNIS FATUUS,
Jack o’Lantern, or Will o'the Wisp ?

A. This luminous appearance (which
haunts meadows, bogs, and marshes)
arises from the gas of putrefying animal
and vegetable substances ; especially from
decaying fish.

The Welsh “ Corpse Candkes” are the same things.

Q. Why are these luminous  phantoms so
seldom seen P
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A. Because phosphoric hydrogen is
so very volatile, that it generally escapes
into the air in a thinly diffused state.

If phosphorus be boiled with milk of lime, and the beak of the
retort placed under water, bubbles of phosphuretted hydrogen
will rise successively through the water, and (on reaching the
surface) burst into flame. It is the singular property of this gas
to ignite s{;ontuneously in air when it has been produced by the

action of lime or potassa on water; when the gas is procured

directly from hydrated phosphorus, it does not ignite spontaneously,
because it is more pure.

Q.  Why does an ignis fatuhs, or Will
Wisp, ¥LY from us when we RUN to MEET &t

A. Because we produce a currenf of
air in front of ourselves, (when we run
towards the ignis fatuus) which drives the
light gas forwards.

Q. Why does an ignis fatuus rum AFTER us,
when we FLEE from it in a fright ?

A: Because we produce a current of
air in the way we run, which attracts the
light gas in the same course; drawing it
after us, as we run away from it.

Q. Isnota kind of Jack o’'Lantern sometimes
produced by insects ?

A. Yes; swarms of luminous insects
passing over a meddow, sometimes pro-
duce an appearance similar to the iy
fatuus.
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Q. May not many GHOST 8tories have arisen
‘rom some ignis fatuus lurking about churchyards ?
g 9 Y

A. Perhaps all the ghost stories
(worthy of any credit at all) have grisen
from the ignited gas of churchyards—
lurking about the tombs; to which fear
has added its own creations.

CHAPTER XXII.

WIND.

Q. What ia. wind P
A. Wind is air in motion.

Q. What purs the air in motion, so as to
produce WIND ?

A. The principal causes are varia-
tions of heat and cold; produced by the
succession of day and night, and of
summer and winter.

Q.  What effect has HEAT upon the air ?

A. Heat rarefies the air, and causes
it to expand. °

Q. How do you KNow that heat causes the
air {0 EXPAND ?
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A. If a bladder kalf full of air (tied
tight round the neck) be laid before a
fire, the air will expand by the heat, and
fill the bladder.

Q. What effect s produced wupon air by
RAREFACTION ?

A. It is made lghter, and ascends
through colder strata; as a cork (put at
the bottom of a basin of water) rises to
the surface.

Q.  Prove that rarefied air ASCENDS.

A. 'When a boy sets fire to the cotton
or sponge of his balloon, the flame heats
the air ; which becomes so light, that it
ascends, and carries the balloon with it.

Q.  What effect is produced upon AIR by coLD ?

A. It is condensed, or squeezed into
a smaller compass: in consequence of
which, it becomes heavier, and descends
towards the ground.

Q.  Prove that air is condensed by corLp.

A. Lay a bladder half full of air before
a fire, till 1t has become fully inflated ; if
it be now removed from the fire, the
bladder will collapse again, because the

air condenses into its former bulk.
Da



3082 WIND.

Q. What is meant by the bladder * coLraP-
siNg ?”

A. The skin becoming wrinkled,
shrivelled, and flabby ; because there is
not suffietent air inside to fill it.

Q. How do you ENOW that CONDENSED air
will DESCEND ?

o A. Because a fire balloon falls to the
earth, so soon as the spirit in the cotton
is burnt out, and the air of the balloon
has become cold again.

Q. Does the sun heat the AIR, as it does the
EARTH ?

A. No: the air is not heated by the
rays of the sun; because air (ke water)
is a very bad conductor.

Q. How is AIR HEATED ?

A. By convection, thus:—The sun
heats the earth, and the earth heats the
air resting upon it ; this hot air rises, and
is succeeded by colder air, which is heated
in a similar way; till the whole volume
is warmed by these “ convective currents.”

Q. What is meant by ** CONVECTIVE CURRENTA"
of hot air ?

A. Streams of air, heated by the
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earth, which rise upwards, and carry heat
with them. (see p. 252.)

Q.  Is the air tn a RoOM in perpetual motion,
as the air ABROAD 1is ? ’

A. Yes; there are always two currents
of air in any room we occupy; one of
hot air flowing out of the room, and
another of cold air flowing into the room.

Q. How do you KNow, that thers are these
TWO currents of air in every occupied room ?

A. If T hold a lighted candle near
the top of the door, the flame will be
blown outward (towards the hall) ; but if
I hold the candle at the bottom of the
door, the flame will be blown tnwards

(into the room).

N.B. This is not the case when a fire is in the room. When a
fire is lighted, an inward current is drawn through «#/ the crevices.

Q. Why would the flame be blown oUTWARDS
(towards the mALL), if a candle be held at the ToP
of the door ?

A. Because the air of the room, being
heated, &c., ascends ; and (floating about
the upper part of the room) escapes
through the crevice at the top of the door,
producing a current of air from the room
into the hall. Da3s
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Q. Why would the flame be blown INWARDS
(into the RoOM), if a candle be held at the BoTTOM
of the door ?

A. Because the cold air from without
is rushing ¢nwards, through the crevice
at the bottom of the door, to drive the
light warm air out at the top.

. Q. How does warm air make its ESCAPE from
a room?

A. The warm air is pressed out by the
cold air coming in below; and escapes
by means of the crevices at the top of

the room.
Q.  Why are not all places, which lie under the
same parallel of latitude, of the same temperature ?

A. Because various disturbing cir-
cumstances tend to vary the mean
temperature.

Q. What disturbing circumstances affect the
temperature of particular situations

A. 1st—The elevation and form of
the land:

2ndly—The proximity of the sea:

8rdly—Mountains, swamps, and fo-
rests :

4thly—The nature of the soil : and
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5thly—The prevalence of cold or warm
winds.

Q. What effect 8 produced on temperature by
the configuration of LANDS?

A. Islands and peninsulas are warmer
than continents; bays and inland seas
also tend to raise the mean temperature.

Q. What effect has the sEA on temperature ?

A. In warm climates it tends <o
diminish the heat; in cold climates to
mitigate the cold.

Q. Whateffect have MOUNTAINS on temperature P

A. Chains of mountains which ward
off cold winds, raise temperature; but
mountains which ward off south and west
winds, lower it.

Q. What effect has so1L on temperature ?

A. A sandy soil which is dry, is
warmer than a marshy soil which is wet,

and subject to great evaporation.
For effects of forests on temperature, see p. 167.

Q.  Does all wind maintain the SAME, velocity ®

A. The velocity of wind varies from

100 miles an hour in the tornado, to the

scarcely perceptible motion of a gentle
breeze. ,
pasd
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Q.  How does the rotation of the earth upon
its axis affect the motion of the air?

A. In two ways. 1st—As the,earth
moves round its axis, the air is left
gsomewhat behind ; and, therefore, seems
to a body carried with the surface of
the revolving earth, to be going in the
opposite direction; and
« 2ndly—As the earth revolves, different
portions of its surface are continually
passing under the vertical rays of the sun.

Q. When are the rays of the sun called
“ VERTICAL RAYS?"

A. When the sun i8 in a direct line
above any place, his rays are said to be
“vertical ” to that place.

Q. Illustrate the manner in which the earth’s
surface passes under the vertical sun.

A. Suppose some part of the brass
meridian of a globe to represent the
vertical sun; as you turn the globe
round, different parts of its surface will
pass under that part of the brass rim,
1n constant succession..,

Q. Why s it NoON-DAY to the place over
which the SUN {s VERTICAL?  *
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A. Because the sun is half-way
between rising and setting to that place.

Q. * Show how this rotation of the earth affects
the AIR.

A. If we suppose some part of the
brass meridian to be the vertical sun, the
whole column of air beneath will be heated
by the moon-day rays; that part which
the sun has left, will become gradually
colder and colder ; and that part to which
the sun is approaching, will grow con-
stantly warmer and warmer.

Q. Then there are THREE conditions of air
about this spot ?

A. Yes; the air over the place, which
has passed the meridian, is cooling ; the
air under the vertical sun, is the hottest ;
and the air, which 1s over the place about
to pass under the meridian, is increasing
tn heat.

See fig. on p. 809, The column A (which the sun has passed)
is cooling; B is under the vertical sun; and C is increasing in
heat,

Q. How does this VARIETY in the HEAT of AIR
produce WIND ?

A. The air always seeks to preserve
a condition of equilibrium; so, cold air
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rushes into the place occupied by neigh-
bouring warm air, and causes it to form
an upward current. -

Q.  Why does not the wind ALWAYS BLOW ONE
way, following the direction of the sux ?

A. Because the direction of the wind
is subject to perpetual interruptions from
‘nills and valleys, deserts and seas, &o.

Q. How can HILLS and MOUNTAINS ALTER the
course of the WINDs ?

A. Suppose a wind (blowing from the
north) comes to a mountain ; as it cannot
pass through it, it must either rush back
again, or fly off at one side, (as a marble,
when it strikes against a wall).

Q. Do MoUNTAINS affect the wind in any
OTHER way ?

A. Yes; many mountains are capped
with snow, and the warm air is condensed,
when it comes in contact with them; as
soon as the temperature of the air is
changed, the directign of its currents are
altered also.

See figure on mext page.
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Suppose A B C to be three columns of air. A, the column of
. air which is cooling down; B, the column to which the sun

vertical ; and C, the column which is fo be healed nezt. In this
case the cold air of A will rush towards B; because the air of B
is Aoffer than that of A. But suppose now C to be a snow-capped
mountain : 8s it comes under B, it preserves the air round it, at its
low temperature still, and therefore checks for a time the ascent
of the air in that direction.

Q. How can the ocEAN affect the direction of
the WIND ?

A. When the ocean rolls beneath the
vertical sun, it 18 not made so hot as the
land is; in consequence of which, the
general direction of the wind is from
tracts of ocean towards tracts of land.

Q. Why is not the WATER of the sea made so
HOT by the vertical sun, as the surface of the LAND ?

A. 1st—Because the evaporation of
the sea is greater than that of land: and
2ndly—The consthnt motion of water
prevents the increase of temperature at

the surface. Ea s
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Q.  Why does the EVAPORATION of the sea pre-
vent its surface from being heated by the vertical sun ?

A. Because its heat is absorbed in the
generation of wapour, and carried off
into the air.

Q.  Why does the MOTION of the sea prevent its
surface from being heated by the vertical sun ?

A. Because each portion rolls away,
“as soon as it becomes heated, and is
gucceeded by another ; and this constant
motion prevents the sm;face of the sea
from being more heated than the water
below the surface.

Q. How do cLoups affect the WIND ?

A. As passing clouds screen the
direct heat of the sun from the earth,
they diminish the rarefaction of the air
also: and this is another cause why
neither the strength nor direction of the
wind is uniform.

Q. Do winds vER blow REGULARLY ?

A. Yes; in those parts of the world,
which present a large surface of water, as
in the Atlantic and Pacific Oceans.

Q. What are the regular winds, which blow
over the ATLANTIC and Paciric Oceans, called P
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A. They are called “ trade .winds.”

They are called *“trade” or “tread winds,” because they uni-
formly pursue one tread or track.

Q.  What service are these winds to merchants £

A. They are very convenient to mer-
chants, who have to cross the ocean,
inasmuch as they always blow uniformly
in one direction.

Q. Inwhat DIRECTION do the trade winds blow 4

A. That in the northern hemisphere
blows from the morth-east: that in the

southern hemisphere from the south-east.

Q. Why do not these polar or trade winds
blow from the FULL NORTH and sOUIR, directly
towards the torrid zone ?

A. Because the poles, from which
they flow, move with less velocity than the
surface of the earth over which they pass
in their progress towards the equator.

Q. How does this difference of velocity affect
the direction of the wind ?

A. Inthesame way as hedges, houses,
or trees, (to a person in a carriage) seem
to be running in an ppposite direction.

As the circumference of the earth at the equator is muck larger
than the circumference of the earth at the poles ; therefore, every

t of the earth’s equaforial surface must move much fasler, than
the corresponding one at the poles.
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Q. Why do currents of air flow from the
POLES to the EQUATOR ?

A. Because the air about the equator
(being rarefied by the heat of the sun)
constantly ascends, and thus gives way to
the cold ir from the poles.

Q. Is there an UPPER as well as a LOWER
COURRENT, in the atmosphere ?

A. Yes; the upper current of rarefied
air is from the equator to the poles ; being
there condensed, it returns again to the
equator, forming the lower current.

Q. What effects are produced by the double
current of air P

A. 1st—The warming and cooling of
the strata of air:

2ndly—The deposition of rain: and

8rdly—The formation and appearance
of clouds.

Q.  How 1is the 1R affected by thess opposing
currents ?

A. As cold air returns from the poles
to the equator, and hot air travels from
the equator to the poles, both currents
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are affected as they come into contact
with each other.

Q. How would these two opposite currents of
air cause deposition of RAIN P

A. The hot current from the equator
being mixed with the cold current from
the poles, are condensed, and compelled
to part with some of their moisture jn
rain.

Q. How are cLoups qffected by the equatoml
and polar currents of air ?

A. As the currents displace each
other by any disturbing cause, vapour is
added to or taken from the clouds, and
produce a total change in the *face of
the sky.”

Q.  Why do the clouds vary almost incessantly
even in the calmest day ?

A. In a great measure from some
slight disturbance in the separate course
of the equatorial and polar currents,
whereby the upper current descends, and
the lower one riseg into the other.

Q. Do trade winds blow from the north-east
and south-east ALL%he YEAR ROUND ?

E &
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A. Yes, in the open sea; that is, in
the Atlantic and Pacific Oceans, for about
30 degrees each side of the equator.

Q.  What becomes of the mnorth-easterly and
south-easterly trade winds, when they approach the
equator ?

A. They are lost in a region of calms,
in which vessels are often detained for a
considerable time.

Q.  Isthisregionof calms FIXED in its position ?

A. No; it shifts its place, according
to the sun’s distance, and position in
regard to the equator : being sometimes
entirely to the north of the equator, and
occasionally reaching as far as 2 degrees
south of it.

Q. Do the TRADE WINDS blow uniformly from
north-east and south-east in the INDIAN OCEAN ?

A. Noj; nor yet in those parts of the
Atlantic and Pacific which verge on the
continents.

Q. How do the wixps blow in the INDIAN
OCEAN ?

A. From April td.October a south-
west wind prevails; but from October to
April, a north-east.
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Q. What are these periodical currents of air
(which affect the neighbourhood of the Arabian,
Indian, and Chinese Seas) called ?

A. They are called moNsoONs.

The word monsoon is of Arabic derivation, mausim (a set tlme
or season).

Q. How far do the limits of the MONSBOONS
extend P

A. From the African shore to the
longitude of New Guinea ; and northward
as far as the parallel of latitude, which

crosses the Loochoo Isles.

The Loochoo Isles are about 24e north latitude, and 30° east
longitude.

Q. Why do mot the winds in the INpiaw
OcEAN blow south-west from April to October, like
the trade winds ?

A. Because the air of Arabia, Persia,
India, and China ¢s so rarefied by the
enormous heat of their summer sun,
that the colder air from the south rushes
towards these countries, across the equator,
producing a SOUTH-WEST wind.

Q. To what distance does this SOUTH-WEST
wind prevail ?

A. From 38 degrees south of the
equator,*to the.shores of the Arabian,

Indian, and Chinese Seas.
Easg
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Q.  Why does the wind (in the INDIAN O0EAN)
blow north-east from October to April ?

A. Because the southern part of the
torrid zome is most heated when the sun
is south of the equator: and the colder
air from the north rushes towards the
southern tropic producing a NORTH-EAST
wind for six months of the year.

Q. Are the monsoons as POWERFUL, as the
trade winds ?

A. They are far more so, and very
often amount to violent gales.

Q. Why are MONSOONS more USEFUL fo the
mariners than the fired TRADE WINDS ?

A. Because mariners are able to avail
themselves of these periodic changes, to
go in one direction during one half of the
year, and to return in the opposite direc-
tion during the other half.

Q. Howisthechange of the monsoons marked ?

A. By an interval of alternating
calms and storms. \

Q. Have the winds in EUROPE any general
directions throughout the year?
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A. We generally find that easterly
winds prevail during the spring of the
year; and westerly winds in the summer

and autumn.

S-West winds are most frequent in July and August. N-East
winds in January, March, April, May, and June ; but Jeast frequent
in July, September, and December.

When are the winDs ¢n EUROPE generally
the HIGHEST ?

A. The winds in December and Jah-
uary are generally the highest. Those
in March and November the next; and
those in August and September are the
least boisterous.

Q. Why are the winds of Europe generally
HIGHEST 1% DECEMBER and JANUARY ?

A. Because the sunis furthest south
in those months; and (as the heat in
these northern regions rapidly decreases)
the contrast between our temperature and
that of the torrid zome is greater in
December and January, than in any other

two months throughout the year.

Q.  Why does this cCONTRAST of heat increase
the VIOLENCE of the Wing ?

A. Because the air always seeks to
preserve a state of equilibrium ; therefore,
Ead
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the greater the contrast, the more violent
will be the rush of air to equalize the two
volumes.

Q. Why are the winds in Europe generally

most PLACID, during the months of SEPTEMBER
and Aveust?

A. Because August and September
are our warmest months, when we approach
nearest to the heat of the torrid zone;
therefore, the air (to and from the equa-
tor, moves with less wvelocity in our
northern hemisphere in those two months
than in any other.

Q.  Shew the goodness and wisdom of Gob, in
this constant tendeney of air to equilibrium.

A. If the torrid zone were not tem-
pered by cold air from the polar regions,
it would become so hot, that no human
being could endure it. If (on the other
hand) the polarregions were never warmed
by hot air from the torrid zone, they
would soon become insufferably cold.

Q. In what orHER way does the mingling

of the polar and egdutorial atmosphere act
BENEFICIALLY ?

A. In the equatortal regions, the
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great abundance of vegetable life is pro-
ductive of a very large amount of oxygen:
In the colder regions, artificial fires and
dense masses of amimal life, produce
large quantities of carbonic acid: The
mingling of the polar and equatorial
atmosphere assists in supplying each of
these regions with the very gas, in whieh

it would be otherwise defective.

Q. How does the mingling of the POLAR and
EQUATORIAL atmosphere serve to supply each region
with the cas it most requires ?

A. The plants of the EQUATORIAL
regions require carbonic acid :—The
animals of the COLDER regions require
oxygen :~—The currents of air from the
poles carry carbonic acid to the equatorial
plants ; and the currents of air from the
equator carry oxygen to the animals which

abound nearer the poles.
Q. Why are easT wiNDs in England generally
coLp ?

A. Because they pass over the cold
swampy plains of the North of Europe;
and have no great breadth of ocean to
flow over afterwards to warm them,
before they reach our shores.
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Q. Why are East wiNDs in England gen-
erally dry ?

A. Because they come over wvast
continents and very little ocean; in con-
sequence of which, they have absorbed
very little water.

Q. How does this account for the drying
power of the EAST winds ?

* A. Being dry when they reach our
1sland, they readily imbibe moisture from
the air and clouds; and, therefore, bring
dry weather.

Q. Why are xortHE wINDS in England
generally coLp ?

A. Because they come from the polar
regions, over mountains of snow, and
seas of ice.

Q Why are NorTH WINDS in England
generally keen and drying ?

A. Because they come from regions
colder than our own ; and, being warmed
by the heat of our island, absorb
moisture wherever they find it.

Q. Why are souTA WINDS generally WARM
in England ?

A. Because they .come over the



RAIN IN .ENGLAND, 321

hot sandy deserts of Africa, which make

them hot.
Q. Why do souTR WINDS often bring us
RAIN ?

A. Because they are much heated by
the hot sands of Africa; and imbibe wa-
ter very plentifully, as they pass over the

Mediterranean Sea and British Channe].

Q. How does this account for the RAINY
character of sOUTH winds ?

A. As soon as they reach our cold
climate they are condensed, and can no
longer hold all their vapour in suspen-
sion: in consequence of which, some of

it is deposited as rain.
Q. Why are west wWINDS in England gen-
erally RAINY P

A. Because they comeoverthe Atlan-
tic Ocean, and are laden with vapour ; if,
therefore, they meet with the least chill,

some of the vapour is deposited as rain.
Q. Why is a fine CLEAR DAY somelimes
OVEROAST in a few minutés 9

A. Because some sudden change of
temperature has condensed the vapour of
the air tnto clouds.
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Q. Why are cLOUDS sometimes DISSIPATED
very suddenly ?

A. Because some dry wind (blowing
over the clouds) mbibes their moisture,
and carries it off in visible vapour.

Q. Why do souTH-WEST winds dring us RAIN ?

A. Because they come from the forrid
sone, and get laden with vapour, in their
transit across the ocean. But, when
they reach our northern island, (being
condensed by cold) some of the vapour
is precipitated in rain.

Q. Why do NORTH-EAST winds RARELY bring
BAIN ?

A. Because they come from a climate
colder than our own, and their capacity
for imbibing vapour is increased, when
they reach our”island; in consequence
of which, north-east winds dry the air,
dispel the clouds, and promote evapo-

ration.
Q. Why does WIND sometimes bring RAIN and
sometimss VINE weather &

A. If the wind be colder than the
clouds, it will condense. their vapour into
rain: But if the wind be warmer than the
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clouds it will dissolve them, and cause
them to disappear.

Q. Why are MARcH winds DRY?

A. Because they generally blow from
the east or north-east; and, therefore,
sweep over the continent of Europe, and
cross the cold waters of the German
Ocean.

Q. Whkat is the use of MARrcH winds ?

A. They dry the soil, which is satu-
rated with the floods of February,—break
up the heavy clods,—and fit the land for
the seed committed to it.

Q. Why is it said, that *“* MARCH COMES IN
{ike a LION ?”

A. Because it comes in with blustering
east winds, so essential to dry the soil,

lest it rot the seeds committed to it.
Q. Why does *“ MARCH Go ouT like @ LAMB?

A. Because the water (evaporated by
the high winds) falls again in showers, to
fertilize the earth; and these constant
showers break the viokence of the winds.

Q. Why is it said, that ““ A bushel of MARCH
DUST 18 worth a king’s ransom £

A. Because itindicates that there has
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been a continuance of dry weather ; and
unless March be dry, the seed will rot in

the wet soil.
Q. Whyis it said, “ A DRY cold MARCH never
BEGS BREAD ?”’

A. Because the dry cold winds of
March prepare the goil for seeds ; which
germinate, and produce fruit in the

autumn.
Q. It is said, that “A weET MARCH makes a
8AD autumn.” Explain the reason of this.

A. If March is wet, so much seed rots
in the ground, that the autumn crops

are spoiled.
Q. It is said, that “ MARCH FLOWERS make
No summer BoWERS.” Explain the reason of this.

A. If the spring be very mild, vegeta-
tion gets too forward, and is pinched by
succeeding night-frosts, so that the sum-
mer produces neither fruits nor flowers.

Q. It is said, “A LATE SPRING makes a
FRUITFUL YEAR.” Ezplain the reason of this.

A. If the ve%etation of spring be
backward, frosty nights will do no harm ;
because the fruits and flowers will not put
forth their tender shdots, till the nights
have become too warm to injure them.
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Q. Why is it said, that ‘ APRIL SHOWERS
bring MY FLOWERS 2"

A. Because April showers supply the
principal nourishment, on which seeds

depend for their developement.

Before seeds can germinate, tAree things are essential: Darkness,
Heat, and Moistare.

Q. Dloes mAIN-water possess any fertilizing
properties, BESIDES that of mere MOISTURE ?

A. Yes; rain-water contains an
abundance of carbonic acid, and a small
quantity of ammo'nia ; to which much of
its fertilizing power is attributed.

Ammonia is a compound of nitiogen and hydrogen. Common
hartshorn is only ammonia and water.

Q. Why has God made NOVEMBER a very
RAINY month ?

A. DBecause rain hastens the putre-
Jaction of the fallen leaves; and this
makes the earth fertile.

Q. Why is there MORE rain FROM SEPTEMBER
to MarcH, than from March to September ?

A. Because the temperature of the
air i8 constantly decreasing; on which
account, its capacity for holding vapour is
on the decrease also; and its vapour pre-
cipitated as rain..

. Fa
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Q. Why is there LEsS rain from March to
September, than from September to March ?

A. Because the temperature of the
air is constantly increasing; on which
account, its capacity for holding vapour is
on the increase, and very little is pre-
cipitated as rain.

. Q. Why is the rising sun in summer accom-
panied with a BREEZE ?

A. Because the heat of the rising
sun stops the radiation of heat from the
earth, and warms its surface.

Q. How does this warmth produce a BREEZE ?

A. The air (resting on the earth’s
purface) being warmed by contact, ascends;
and colder air rushing in to restore the
balance, produces the morning breeze:

Q. Why is there often an EVENING BREEZE
during the summer months ?

A. Because the earth radiates heat
at sun-set, and the air is rapidly cooled
down by contact: this condensation
causes & motton in the air, called the

evening breeze. °

Q. Why are TROPIOAL ISLANDS subject to a
sea-breeze every morning (i.e. a breezs blowing
from the sea to the land 9)
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A. Because solar rays are unable to
heat the surface of the sea, as they do that
of the earth ; therefore, the air resting on
the sea is less heated, than the air resting
on the earth; and the colder sea air
blows inland to restore equilibrium.

Q. Why is a land breeze generally less healthc/
than a sca breezs !

A. Because it is frequently laden
with exhalations from putrefying animal
and vegetable substances. .

Q. Why is a sea breeze fresh and HEALTHY ?

A. Because it passes over the fresh
sea, and is not laden with noxious
exhalations.

It is particularly Aealthy, therefore, to walk on the -u-hn&
before ten o’clock in the morning ; buf less g0 after sun-set

Q. Why is there generally a fresh breaza from
the sEA (in English watering places,) during the
summer and autumn MORNINGS P

A. Because land is more heated by
the sun, than the sea is; in consequence
of which, the cooler gea air glides nland;
restoring equilibrium by pressing up the
light hotter air.

Q.  Why does a sea breeze JSeel cooL?

Fal
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A. Because the sun cannot make
the surface of the sea so hot as the land ;
therefore, the air which blows from the
sea 18 cooler than the air of the land.

Q. Why are tropical islands subject to a land
breeze every EVENING (i.e. a bresze blowing from
the land towards the sea)?

« A. Because the surface of the land
cools down faster (after sunset), than
the surface of the sea: in consequence
of wlich, the air of the cold land 1s con-
densed, and flows into the warmer regions
of the sea—causing & LAND BREEZE.

Q. Whyis the land breeze cooL?

A. Because the surface of the land is
cooled at sun-set more quickly than the
surface of the sea; therefore, the air from

‘the land feels cool.

Q. Why is the temperature of islands more
EQUABLE, than that of continents ?

A. Because the water around the
island mitigates the extreme heat of
summer, and gives Yut heat to diminish
the extreme cold of winter.

Q. IsLANDS aré WARMER in winter than
continents. Ezplain the reason of this.
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A. Unless the sea be frozen (which is
rarely the case) it is warmer than the
frozen land: and the warmth of the sea
air helps to mitigate the intense cold of
the land air.

Q. Euxplain the cause of sea WAVES.

A. The wind, pressing unequally on
the surface of the sea, depresses one part
more than another; every depressibn
causes a corresponding elevation, and

these undulations are called waves.

It must be remembered that waves have no other than a
vertical motion, i. e. up and down. Any substance, as a buoy,
floating on a wave, is merely elevated and depressed alternately ;
it does not otherwise change its place.

Q. If waves are stationary, and only move up
and down, why do they seem to advance towards
the shore ?

A. This is an ocular deception.
When a corkscrew is turned round, the
thread appears to move forward; and
the apparent onward motion of the waves

of the sea is a similar delusion.

A wave is a form, and not a thing ; the form advances, but net
the snbstance oj;tha waves, g; the o

Q. What s the cadse of BREAKERS "

A. The interference of rocks or rising

- banks in the sea with the regular form
Fal
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of the wave, by which the ““ phase” of the

curve is broken.
“The pkase of the curve” is the outline or arc of the wave.

Q. What causes the SPRAY of waves ?

A. The wind driving the surface of
the water from the top of the wave, and
scattering the small particles in all
directions.

« Q. What is a TIDE?

A. A wave of the whole ocean, which
18 elevated to a certain height, and then
sinks after the manner of a common
wave. The interval between the two
positions forms a tide.

There are two tides in a lunar day, i. e. 24 hours, 49 minutes.

Q. Whatis the CAUSE of tides P

A. The principal cause is the attrac-
tion of the moon; which raises the waters
of the ocean, as they come under her
influence by the motion of the earth on
its axis.

Q. Why do we generally fesl COLDER out-of-
doors, than in-doors ?

~ A." Because the air is always changing;
and before one portion has become heated
by our body, another colder portion takes
its place, and absorbs more heat.
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Q. Why is a mooM (even without a fire)
generally WARMER, than the OPEN AIR ?

A. Because the air in a room is not
subject to much change, and soon becomes
of the same temperature as our skin,

after which it no longer feels cold.
Q. How fast does wind travel ?

A. A gentle breeze goes at about
the rate of 5 miles an hour. A high
wind from 20 to 60. A hurricane from
80 to 100 miles an hour.

Q. How is the VELoCITY of winds ascer-
tained ?

A. By observing the velocity of the
clouds; and by an instrument contrived

for the purpose, called an Anemometer.

Prononnce An-e-mom’-e-ter. From two Greek words avenos
(wind) and pmerpov (a measure). This term is applied more fre.
quently to an instrument which measures the force of wind.

Q. How is the vELoCITY of the clouds
ascertained ?

A. By observing the speed of their
shadow along the ground: which is
found (in a high wmd) to vary from 20 te
60 miles an hour.

Q. Why s there always a strong DRAUGHT
through the XxEYHOLE.of a door ?
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A. Because the air in the room we
occupy is warmer than the airin the hall;
therefore, the air from the hall rushes
through the keyhole into the room, and
causes a draught.

Q. Why 1is there always a strong DRAUGHT
UNDER the door, and through the crevice on each
side ?

«A. Because cold air rushes from the
hall, to drive the warmer air up the
chimney.

Q. Why is there always a DRAUGHT through
the WINDOW crevices P

A. Because the external air (being
colder than the air of the room we occupy)
rushes through the window crevices to
drive the warm air up the chimney.

Q. If you open the LoWER sash of a window
there is more DRAUGHT, than if you open the UPPER
sash. Euxplain the reason of this.

A. If the lower sash be open, cold
external air will rush freely into the room,
and cause a great draught inwards ; but
if th® upper sash bes open, the heated air
of the room will rush out; and (of course)
there will be less draught inwards.
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Cold air always flows to the spot occupied by warm air, and
displaces it, because it is heavier. Both are drawn down to the
earth, by its attraction, but the heavier cold air with the more
force; it therefore occupies the lower position, and pushes the
warm air upwards.

Q. By which means is a RooM better
VENTILATED—DBy opening the .upper or the lower
sash ?

A. A room 1is better wventilated by
opening the upper sash ; because the hot
vitiated air (which always ascends towards
the ceiling) can escape more easily.

Q. By which means is a HOT ROOM more
quickly cooLED— By opening the upper or the lower
sash ?

A. A hot voom 1s cooled more quickly
by opening the lower sash ; because cold
alr can enter more freely at the lower part

of the room, than at the upper.
Q. Why does wind pDRY damp LINEN ?

A. Because dry wind (like a dry
sponge) imbibes the particles of vapour
from the surface of linen, as fast as they

are formed.

Q. Why is the GALLERY of all public places
BOTTER than the LOWER parts of the duilding ?

A. Because the heated air ascends;

and all the cold air (which can enter



through the doors and wihdlows), till it
kas become heated, xemains on the floor
&f the room.

e

CHAPTER XXIII
BAROMETER.

Q. What i3 a BAROMETER ?

A. A weather-glass, or instrument to
messure the variations in the weight of
the air.

BAROMETER is 2 compuund of two Greek words, Bapos (weight)
and perpoy (s measure). It is ealled a weather-glass, becauss
changes of weather are indicated hy its varying conditions.

Q. What is a THERMOMETER ?

A. An instrument to show how %ot
or cold anything is.

THRRMOMETER is & compound of two Greek words, ©eppos
(beat) snd perpoy (3 measure).

Q. What is the DIFFERENCE befwéen n THER-
MOMETER and 4 BAROMKTER ?

A. In a THERMOMETER the mercury
is seaded up from the air; . or
falls, as the varying tempsraiis¥iis@® the
air expands or contracts 1t: bt
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In a BAROMETER the column of mereury
is left exposed (or open) to the air, at jta
lower extremity; and rises or falls, as
the varying weight of the air presses more
or less upon it. s

Q. If the ’marcury of .the "thermometer be
SEALED UP from the air, how can the-heat AFFECT it P

A. The heat of the air passes through
the glass tube into the mercury, causin
the metal to expand and rise in the tube.

Q. Whyis the TUBE of a baromeler left oPEN?

A. That the air may press upon the
exposed surface of the mercury: As
this pressure varies, the mercury W
or falls in the tube.

The top of the tube must be a * vacvum ;”° otbmipe&}io
sure of the external air upon the lower part of the column mﬂ
not affect the mercury so freely.

Q. For what PRACTICAL PURPOSES t5. the
barometer used ?

A. 1st—To determine the height
of mountains: and
2undiy—To mdzcate changes of thes

wenther,
e barometer was invented by Toricelti, a pupil of Gelileq,

¢ Q. How can a BAROMETER determine the
HEIGHT of @ mountain ? : :
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A. As the weight of air decreases the
higher we ascend, the mercury of a
barometer will gradually fall and indicate
the height of our ascent.

Q. Does the density or weight of air decreass
tn any reqular proportion ?

A. Yes; the density of air decreases
upwards in a regular geometrical series.

Thus at an elevation of 3} miles, the density of the #ir is only
Ralf what it is on the earth's eurface; at 7 miles, only one-fowrth ;
at 103, one-sighth; at 14 miles, owe-sicfeenth. Though the
atmosphere prohably extends 45 or 50 miles above the level of th(
sea, yet at an elevation of 20 miles, it has but little weight.

Q. What causes the WEIGHT of AIR?

A. The pressure of superincumben
strata. Thus in a pile of books, the lowe
volumes sustain the weight of those pile
over them.

Q. How can a barometer which measures tl
WEIGHT of air, be of service as @ WEATHER glass ?

A. When air is filled with vapour,
i8 lighter than usual; and the column
mercury stands low. When air is dr
and free from vapour, it is heaviar th
usual; and the mercury stands
Thus the barometer (by shewing
variations in the weight of the e
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indicates when it is moist, and hkely to
rain or not.
Q.  Does the WEIGHT of the air VARY MUCH ?
A. Yes; the atmosphere in England
varies as much as one-tenth part more or
less.
Q. Of what USE is the PAROMETER to sailors P
A. It warns them to prepare theyr
ships, before squalls come on.

Q. How can a BAROMETER warn SAILORS lo
prepare their sHIPS ?

A. As it indicates when wind, rain,
and storm are at hand, the sailor can
make his ship trim before they come
upon him.

Q. Are there any RULES, which can be
depended on ?

A. Yes; there are ten special rules
to direct us how to know the changes of
weather, by marking the mercury of a
barometer.

Q.  Mention the 18t SPECIAL RULE with regard
to the barometer.

A. The baromeler is highest of ali
during a long frost; and it generally
rises mth a north-east wind.

Ga



388 BAROMETER.

Q. Why is the barometer H1GHEST of all during
a long FROST ?

A. Because the air is exceedingly
dry: and dry air causes the mercury of
a barometer to rise.

Q. Why does the barometer generally RIsm
with NORTH-EAST winds ?

A. Because NORTH-EAST winds make
the air both cold and dry: and being
both condensed, and without vapour, it is
much heavier.

Q. Mention the 2D SPECIAL RULE with
regard to the barometer.

A. The barometer is lowest of all
during a thaw, which follows a long frost:
and it generally falls with souTH or WEST

wind.
Q. Why doss the barometer fall LOoWEST of
all, at the BREAKING UP of a long FRosT?

A. Because the air (which had been
much dried by the frost) absorbs the
motsture of the fresh warm current of
wind from the south or south-west: and
becomes laden with vapour,

Q.  Why does the baromster fall very low with
80UTH and WEST winds ?
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A. Because soutH and WEST winds
come heavily laden with vapour: and
vaporized air is lighter than dry air.

Q.  What effect has WIND on the mercury ?

A. The barometer is high, when the
wind blows between the EasT and the
NorRTH. But it 1s low, when the wind
blows betweenthe souTH and WEST.

Q. What 1s the Srd SPECIAL RULE with
regard to the barometer P

A. 'While the barometer stands above
80, the air must be very dry, or very
cold or perhaps both,—and no rain may
be expected

Q. Why will there be No RAIN, if the AIR be
very DRY ?

A. Because dry air will absorb moist-
ure, and not part with it in rasn.

Q. Why will-there be No RAIN, if the AIR be
very COLD ?

A. Because it is so much condensed,
that it has already parted with as much
moisture as it can spare.

Q.  What is the 4th SPECIAL RULE with regard
to the barometer ?

A. When the barometer stands very
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Jow indeed, there will never be much rain ;
although a fine day will seldom occur at
such times.

Q. What kind of wWEATHER 138 there likely to
be, when the barometer %8 UNUSUALLY Low ?

A. Short heavy showers, with sudden
squalls of wind from the west.

o Q. Why will there be VERY LITYLE RAIN, if
the barometer i8 UNUSUALLY Low ?

A. Because the air must be very
warm, or very motst, or perhaps both.

Q. Why will there be little or no rain, if the
AIR ©8 very WARM ?

A. Because warm air has a tendency
to tmbibe more moisture, and not to part
with what it has.

Q.  Why will there be little or no rain, if the
air be very MoIsT, and the barometer very LOW ?

A. Because rain will never fall (even
tho’ the air be saturated), till cold asr has
been introduced to condense the vapour:
And, as soon as cold air has been intro-
duced, the barometer will rise instantly.

Q. Name the 5th SPECIAL RULE with regard
to the barometer.

A. In summer-time (after a long
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continuance of fair weather) the barom-
eter will fall gradually for 2 or 3 days
before rain comes: But if the fall of the
mercury is very sudden, a thunder-storm
may be expected.

Q. What is the 6th 8PECIAL RULE with regard
to the barometer ?

A. When the sky is cloudless, and
seems to promise fair weather,—if the
barometer 1s low, the face of the sky-will
soon be suddenly overcast.

Q. What is the Tth sSPECIAL RULE with regard
to the barometer ?

A. Dark dense clouds will pass over
without rain, when the barometer is
high ; but if the barometer be low, it
will often rain without any appearance of
clouds.

Q. What is the 8th SPECIAL RULE with regard
to the barometer ?

A. The higher the barometer, the
greater the probability of fair weather.

Q. Why is the barometer HIGH in FINE
weather ? ’

A. Because the air in fine weather
~ contains very little vapour. And the drier
Ga3d
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the air, the higher does the mercury of
the barometer rise.

Q. What is the 9th SPECIAL RULE with regard
to the barometer P

A. When the mercury is in a 7ising
state, fine weather is at hand : But when
the mercury is in a sinking state, foul
weather is near.

Q.  Why does the mercury RISE at the approach
of FINE weather P

A. DBecause the air is becoming
more dry ; and, therefore, its pressure is
increased.

Q. Why does the mercury sINK at the approach
of FouL weather ?

A. Because the air is laden with
vapour, or disturbed by wind.

Q. Why does VAPOUR in the air make the
mercury SINK ?

A. Because vaporized air is lighter
than dry air; and its pressure on the
barometer less. ‘

Q. What is the 10th SPECIAL RULE with
regard to the barometer ? ¢

A. If (in frosty weather) it begins to
snow, the barometer generally rises to
80; where it remains, so long as the
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snow continues to fall : If, after this, the
weather clear up, you may expect very
severe cold.

Q. How can you know, if the MEROURY of the
barometer be RISING ?

A. When the top of the. column is
convez (i.e. higher in the middle than
at the sides), the mercury is in a rising
state.

Q. How can you tell if the MERCURY of the
barometer be FALLING ?

A. When the top of the column is
concave, (i.e. hollow in the middle), the
mercury 18 in a falling state.

Q. Why is the mercury CONVEX, when it is
RISING ?

A. Because the parts of the mercury
in contact with the tube are delayed by
the capillary attraction of the glass; in
consequence of which, the middle part
rises faster than the sides; and the
surface is CONVEX.

Q. Why is the marcury CONCAVE, when it is
FALLING ?

A. Because the parts of the mercury
in contact with the tube are delayed by
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capillary attraction; in consequence of
which, the middle part sinks faster than
the sides ; and the surface i3 CONCAVE.

Q. What effect does a THUNDER-STORM produce
on the weather ?

A. It is generally preceded by hot
weather, and followed by cold showery
weather.

Q. What effect does a SUDDEN CHANGE of
temperature produce on the weather P

A. A great and sudden change
(either from hot to cold, or from cold to
hot) is generally followed by rain within
24 hours.

Q. Why i3 a sudden CHANGE from HOT to COLD
Jollowed by rain ?

A. Because cold condenses the air;
and some of its vapour is given off in rain.

Q. Why is a sudden cHANGE from coLD to
HOT followed by rain ?

A. Because the air is quickly satu-
rated with moisture; but when night
comes on, and chiNs the temperature,
some of the abundant moisture is given
off in rain,
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Q. Why is the air quickly SBATURATED with
MOISTURE, when HEAT rapidly succeeds to coLD ?

A. Because the evaporation (which
was checked by the cold) is carried
on very rapidly in consequence of the
increase of temperature.

Q.  When does the barometer VARY MOST?

A. In winter time. .

Q. Why does the barometer vary MORE in
WINTER, than in SUMMER time ?

A. Because the difference of tempe-
rature between the torrid and temperate
zones is much greater in winter than in
summer ; and produces a greater distur-
bance in the state of the air.

Q. When does the barometer VARY LEAST ?

A. In summer time.

Q. Why does the barometer vary LESS in
SUMMER, than in WINTER ?

A. Because the temperature of our
island in summer is more nearly equal
to that of the torrid zone, and its state
is mot so much disturbed by interchange
of currents.

Q. Have HEAT and coLD any effect on the
barometer ?
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A. No, not of themselves; but as cold
weather is generally dry, or accompanied
with north-east winds, therefore the mer-
cury rises in cold weather: And as warm
weather is generally moist, and accom-
panied by south-west winds, therefore
the mercury sinks in warm weather.

Q.  Why is the mercury of a barometer LOWER
tn the TORRID, than in the FRIGID zone 2

A. Because the warm air of the torrid
zone contains much more vapour, than
the condensed air of the frigid zone ; and
the motster the air, the less 1s its pressure.

Q. Inwhat MONTHS 18 the barometer HIGHEST ?

A. InMayand August; thenin June,
March, September, and April.

Q.  In what MONTHS i8 the barometer LOWEST ?

A. In November and February;
then in October, July, December, and
January.

Q.. What are the DRIEST months P

A. March and June; then May and
August; then April and November.

Q. What are the WETTEST months ?

A. October and February;
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July and September; then January and
December.

Q. Why is there LEss wet from MARCH to
Avucust, than there ss from August to March ?

A. DBecause the heat is constantly
increasing ; and the capacity. of air to
absorb and retain moisture increases
likewise. .

Q. Why is there MORE wet from AucusT to
MarcH, than from March to August ?

A. Because the heat is constantly
decreasing ; and the capacity of air to
retain moisture decreases also; so that
(although it often rains) yet the air is
always on the point of saturation.

Q. What does a SUDDEN rise or fall of the
barometer indicate ?

A. If the rise be sudden, fine weather
will not continue long:
If the fall be sudden, foul weather

will not continue long.
Q. What sort of weather may we expect, if
the barometer is very FLYCTUATING ?

A. If the mercury fluctuates much,
the weather will b& very changeable and
unsettled.
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Tre FALL or THE BAROMETER.

In very kot weather, the fall of the mercury denotes thunder ;
otherwise, the sudden falling of the barometer denotes high wind.

In frosty weather, the fall of the barometer denotes ZAasw.

If wet weather happens soon after the fall of the barometer,
expect but Xttle of it. '

wet weather, if the barometer falls, expect much wet.

In fair weather, if the barometer falls and remains low, expect
much wet in a few days, and probably wiad,

N.B. The barometer sinks lowest of all for wind and rain
together ; next to that for wind, (except it be an east or north-
east wind).

i RISE OF THE BAROMETER.

In winter, the rise of the barometer presages frost.

In frosty weather, the rise of the barometer preugu Mow.
. If fair weather happens soon after the rise of the barometer,
ex but lttle of it. .

wet weather, if the mercury rises high and remains 0, expect

continued jine weather in a day or two.

In wet weather, if the mercury rises suddenly very high, fine
weather will not last long.

N.B. The barometer rises highest of all for north and east
wind ; for all o/ker winds it sinks.

Trz paroMErer UNSETTLED.

If the motion of the mercury be wwseftled, expect unsettled
weather.

If it stand at “ MUCH RAIN" and rise to “ CHANGEABLE,” expect
Jair weather of short continuance.

If it stand at “FAIR” and fall to “CHANGEABLE,” expect foul
weather. »

N.B. Its motion wpwards, indicates the approach of fine
weagx‘:; its motion downwards, indicates the approach of foul
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CHAPTER XXI1V.
SNOW. HAIL. RAIN.

A. The condensed vapour of the air
JSrozen, and precipitated to the earth.

Q. What is the cAUSE of sxow?

A. When the air is nearly saturated
with vapour, and condensed by a current
of air below freezing point, some of the
vapour is precipitated in a crystalline

form as snow.

A few years ago, some fishermen( who wintered at Nova-Zembla),
after they had been shut up in a hwt for several days, opened fhe
window ; and the cold external air rushing in, instdntly condensed
the air of the hut, and its vapour fell on the floor in & shower of
0w,

Q. Why does sxow fall in WINTER :

A. Because the sun's rays are too
oblique to heat the surface of the earth;
and (as the earth has but little heat to
radiate into the air) the air is very cold.

Q. What is the cause of SLEET?

A. When flakes of.snow (in their
descent) pass through a bed of air above

‘ Ha
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freezing point, they partially melt; and
fall to the earth as half-melted snow, or
sleet.

Q. What is the UsSE of sNow ?

A. To keep the earth warm, and to
nourish it.

Q. Why does snow keep the EARTH WARM ?

A. Because it is a very bad con-
ductor ; in consequence of which, when
the earth is covered with snow, its tem-
perature very rarely descends below
Jfreezing point, even when the air is 15 or
R0 degrees colder.

Q.  Tell me the words of the PsarLmist (cxlvii.
16) respecting snow ; and explain what he means.

A. The Psalolist says—‘ The Lord
giveth snow like wool;” and he means,
not only that snow is white like wool,
but that it is also warm as wool.

Q. Why is WoOL WARM ?

A. Because air is entangled among
the fibres of the wool: and air is a very
bad conductor. ‘

Q. Why is SNOW WARM ?

A. Becausg‘air is entangled among
the crystals of the snow; and air is &
very bad conductor.
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Q. Why does sNOW NOURISH the earth ?

A. Because it supplies moisture con-
taining carbonic acid; which penetrates
slowly into the soil, and insinuates itself
through every clod, ridge, and furrow,
when the snow melts.

Q. Why 13 there NO S8NOW in BUMMER time 2

A. Because the heat of the earth melts
it in its descent, and prevents it from
reaching the surface of the earth.

Q. Why are some MOUNTAINS ALWAYS COV-
ERED with sNow ?

A. 1st—Because the air on a high
mountain is more rarefied ; and as rare-
fied air retains much heat in a latent
state, it abstracts heat from adjacent
bodies more rapidly than condensed air
would : and

2ndly—Mountain tops are not sur-
rounded by earth, to radiate heat into the
air; and, therefore, the snow is not
melted in its descent, but falls on the
mountain and lies there.

Q. Why is snow WHITE?

A. Because it is formed of an infinite

Ha?
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number of very minute crystals and
prisms, which reflect all the component
rays of which white light consists.
The same answer applies to salt, loaf sugar, &c. (see p 419 ).

Q. What is HAIL?

A. Rain, which has passed in its
descent through a cold bed of air, and has
been frozen into ice.

Q. What makes oNE bed of atr COLDER than
another ?

A. The causes are not perfectly
known ; electrical action is most probably
among them.

Q. Why is BAIL frequently accompanied with
THUNDER and LIGHTNING ?

A. 1st—Because the congelation of
water into hail disturbs the electricity of
the air: and

2ndly—The friction (produced by the
fall of hail) may possibly excite it still
more.

Q. Why does HAIL fall gmerally in SUMMER
and AUTUMN ?

A. lst——Because the air is more
highly electrified in summer and autumn,
than in winter and spring: and
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2ndly—The vapours in summer and
autumn (being rarefied) ascend to more
elevatéd regions, which are colder than
those nearer the earth.

Q. What two things are essential to cause
HAIL?

A. Two strata of clouds having
opposite electricities, and two currents of
wind. The lower cloud containing resin-
ous electricity, is the one precipitated in
hail.

Q. What is raIN?

A. The vapour of the clouds. or air
condensed, and precipitated to the earth.

Q.  Wihen is the vapour of the air or clouds
PRECIPITATED in hail, rain, or snow ?

A. When the air is saturated with
vapour, and a cold current condenses it, it
i8 then no longerable to hold all its vapour
in solution, and some of it falls ag rain.

Q. Why does RAIN fall in DROPS ?

A. Because the vapoury particles in
their descent attract each other ; and those.
which are sufficiently near wunite, and
form into drops. -

Ha3d
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Q. Why does not the cOLD of NIGHT ALWAYS
cause rain ?

A. Because the air is not always near
saturation : And unless this be the case,
it will be able to hold its vapour in solu-
tion, even after it has been condensed by
the chilly night.

Q. Why does a PASSING €LOUD often drop
RAIN ?

A. Because it comes in contact with
cold air, which chills it ; and its vapour
being condensed, falls to the earth as
rain.

Q. - Why are RAIN-DROPS sometimes much
LARGER, than at OTHER times

A. Because the rain-cloud is floating
near the earth ; when this is the case, the
drops are large, because such a cloud is
much more dense, than one more elevated.

The size of the rain.drop is also increased, according to the
rapidily with which the vapours are condensed.

Q. Does not WIND sometimes INOREASE the
8I1ZE of rain-drops ?

A. Yes; by blowing two or more
drops into one.

Q. Why do 0LOUDS FALL in RAINY weather P
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A. 1st—Because they are heavy- with
abundant vapour : and

2ndly—The density of the air being
diminished, is less able to buoy the clouds
up.
, PQ. How do you rNow, that the DENSITY of
the air {8 DIMINISHED in RAINY weather ?

A. Because the mercury of & barom-

eter falls. .
Q

. Why 18 RAIN-WATER more FERTILIZING,
than puMP-water ? :
A. 1st—Becanse it contains more
carbonic acid : and .
.2ndly—It contains & small gqhantity
of ammonia, with which it supplies the

young plants.
Q.  Why does RAIN PURTFY the AIR ?

A. 1st—Because it dissolves the
noxious exhalations collected in the air,
as it falls.

2ndly—It mixes the air of the upper
reg;ons with that of the lower regions:
an

3rdly—It washes the earth, and sets in,
motion the stagnant contents of sewers
and ditches.
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Q. Why are MOUNTAINOUB countries more
RAWNY, than flat ones P

A. Because the air (striking against
the sides of the mountains) is carried up
the inclined plane, and brought in contact
with the cold air of the higher regions:
in consequence of which, its vapour is
condensed, and deposited in rain.

Q. Why does a sSPONGE sWELL, when it is

A. Because the moisture of the air
(penetrating the strings) causes them to
swell; and (as the cords thicken) their
tension s increased, and the strings snap.

Q. Why does PAPER PUCKER, when it is
WETTED ?

A. Becauge the moisture is absorbed
,unequally by the paper, and some parts
are more enlarged than others; in con-
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sequence of which, the paper blz'sters or

puckers.

Q.  Whydotheweather-toys (called cAP'UOHINS)
lift a cowl over the figures in wet weather, and
remove it in dry ?

A. Becanse the cowl of the cap'uchin
is attached to a piece of cat-gut in such
a manner, that when the cat-gut is
shortened by moisture, it pulls the cdwl
up; but in dry

WO Egures are at-

tdced to a piece of cat-gut in such a
manner, that when the cat-gut is moist
it twists the man out; but when it is
loosened, the figures turn in the oppo-

site d1rect10n

Q. Why arée WET STOCKINGS DIFFICULT 0
PULL ON?

A. 1st—Because the moisture pene-
trates the threads of the stockings, and
causes them to shrink in size : and
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2ndly—Because the moisture causes
the stockings to adhere to our feet.

Q. What are the MOST RAINY lowns in
ENGLAND ?

A. Keswick (in Cumberland); and
then Kendal, (a market town in West-
moreland.)

In Keswick, about 63 inches of rain fallin a year. In Kendal
B8 ; Manchester, 38 ; Liverpool, 84; Dublin and Cambridge, 26 ;
Lincoln, 24 ; London, 21; and in Paris, only 18.

Q. In which PART of the DAY does the MOST
RAIN fall ? :

A. . More rain falls by nigh§, than by

' Yecause the cold night condenses

#gir, and diminishes its caphcity for
holding vapour in solution.

Q. Does more rain fall in SUMMER of in
WINTER ?

A. There are more rainy days from
September to March: but heavier rains
between March and September.

Q ' Why are there MORE RAINY DAYS from
September to March, than j:rom March to September ?

A. Because the temperature of the
air is constantly decreasing ; and asits ca-
pacity for holding vapour decreases also,
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it is frequently obliged to part with some
of its vapour in rain.

Q. In what PART of the WORLD does RAIN Jall
MOST ABUNDANTLY ?

A. Near the equator ; and the quan-
tity of rain decreases, as we approach the
poles.

There are fewer rainy days, $ltho’ more rain actuaily falls during
the wet season of the equator—than falls in 12 months at Hny
other part of the globe.

CHAPTER XXV.
WATER.

Q. Of what i3 WATER composed ?
A. Of two gases, oxygen and hydro-
en.
g " In 9lbs. of water—8 are oxygen, and 1 is hydrogen.

Q. Why is WATER FLUID ?

A. Because its particles are kept
separate by latent heat: When a cer-
tain quantity of this latent heat is driven
out, water becomes *solid, and is called
ice.

B increasing its lafent heat, the particles of waier are again
ivided into tnvisible sfoam.
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Q. Why is PuMP water called ““HARD water 9"

A. Because it is laden with foreign
matters, and will not readily dissolve
substances immersed in it.

Q. What makes poMP-water HARD ?

A. When it filters through the earth,
it becomes impregnated with the sulphate
and carbonate of limre, as well as with
many other principles derived from the
earths and minerals with which it comes
in contact.

Q. What is the cause of MINERAL SPRINGS ?

A. When water trickles through the
ground, it dissolves some of the :substan-
ces with which it comes in contact; if
these substances are metallic, the water

will partake of their mineral character.
Some water is imbued with lime ; some with salt, &c. &c.

Q. Why is it difficult to WASH our HANDS
clean with HARD water ?

A. Because the soda of the soap
combines with the sulphuric acid of the
salts of hard water,—and the ol of the
soap with the lime—and floats in flakes
on the top of the water.

N. B Sulphate of lime cousists of sulphuric acid and lime.



SOAP.—PETRIFACTIONS. 361

Q. Whyis it difficult to wash in SALT WATER ?

A. Because it contains saline matters,
which deprive the water of a portion of
its solvent power.

Q.  What is the cause of PETRIFACTIONS ?

A. While water flows underground,
its impurities are held in solution by the
presence of carbonic acid; but when
the stream reaches the open air, its car-
bonic acid escapes, and these impurities
are precipitated on various substances
lying in the course of the stream.

These impurities are especially carbonate of lime and iron.

Q. Why does a BLACK HAT turn RED at the
SEA SIDE ?

A. Because chloride of iron is formed
by chemical action, between the compo-
nents of iron and the chlorine, existing in
the dye and sea air; the chloride of iron
afterwards decomposes, and forms perox-
ide of iron, which causes the rusty hue.

Q.  Of what is soAP made ?

A. Of kelp (or the ashes of sea-weed
dried and burnt in a pit) mixed with oil

or fat.

YerLrLow Soar is made of whale-oil, soda, and resin. Sory
Soar of oil and potash. HARD SoaP of oil and soda. Ta
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Q. Why does WATER CLEAN dirty LINEN ?
A. Because it dissolves the stains, as
it would dissolve salt.

Q. Why does soAP greatly INCREASE the
cleansing power of water P

A. Because many stains are of a
greasy nature; and soap has the power
of wuniting with greasy matters, and
rehdering them soluble in water.

Q. Why is RAIN WATER SOFT ?

A. Because it is not impregnated
with earths and minerals.

Q. Whyis it MORE EASY 0 WASH with SOFT
watler, than with hard ?

A. Because soft water unites freely
with soap, and dissolves it; instead of
decomposing it, as hard water does.

Q. Why do woop ASHES make HARD water
80FT ?

A. 1st—A double decomposition takes
place: the carbonate of potassa in the
ashes, and the sulphate of lime in the
water unite, and form into sulphate of
potassa and carbonate of lime.

2ndly—Wood ashes convert some of
the soluble salts of water into insoluble,
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and throw them down as a sediment; by
which means the water is rendered more
pure.

Q.  Why has RAIN water such an UNPLEASANT
SMELL, when collected in a tub or tank P

A. Because it is impregnated with
decomposed organic matters, washed from
roofs, trees, or the casks in which it,is
collected.

Q. Why does WATER MELT SUGAR and SALT?

A. Because very minute particles of
water isinuate themselves into the pores
of the sugar, by capillary attraction: and
unite with the minute atoms of the
sugar.

Q. Why does melted suGAR or sALT give a
FLAVOUR lo water ?

A. Because the sugar or salt (being
disunited into very minute particies) floats
about the water, and mixes with it
intimately.

Q. Why does BOT water melt sugar and salt
QUICKER than coLD water ?

A. Because the heat (entering the
pores of the sugar or salt) opens a passage

for the water.
1882
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Q. Why is sea-water brackish ? )
A. Because it holds in solution a
quantity of saline matter, of which com-

mon salt is the principal ingredient.

According to a recent analysis, 1000 grains of sea-water from
the British Channel, contained 27 grains of common salt and
about 8 grains of other saline matter,

Q. Why is Nor RAIN-water BALT, although
most of it is evaporated from the SEA?

‘A. Because saline matter will not
evaporate ; and, therefore, when sea-
water is turned into vapour, its salt is
left behind.

Q. Why does STAGNANT water PUTREFY ?

A. Because leaves, plants, insects,
&c. are decomposed in it.

Q. Why is staeNaNT water full of WORMS,
INSECTS, dc. P

A. Because numberless insects lay
their eggs in the leaves and plants float-
ing on the surface; these eggs are soon
hatched, and produce swarms of worms

and insects.
Q. Why is FLOWING water FREE jfrom
IMPURITIES ?

A. Because its currents carry away
all contaminating substances to the sea,
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as fast as they appear in it; and there
they are diffused through so large a mass
of ﬂmd that they become inappreciable.

Why does RUNNING waler OSCILLATE and
WHIRL in its current ?

A. 1st—Because it strikes against
the banks, and is perpetually diverted
from its forward motion : and .

2ndly—Because the centre of a river
flows faster than its sides.

Q. Why do the sipES of a river flow more
TARDILY, than its CENTRE ?

A. Because they rub against the
banks, and are delayed in their current
by friction.

Q.  Why does 80APY water BUBBLE ?

A. Because soap makes water tena-
cious ; and prevents the bubbles from
bursting, as soon as they are formed.

Q.  Why will not water bubble WITHOUT S0AP ?

A. Becauseitisnot tenacious enough
to hold together the bubbles that are
formed. .

Q. When sosp-BUBBLES are blown from a
Dpipe, why do they AsceND ?

A. Because they are filled with the
warm breath, which is lighter than air.
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CHAPTER XXVI.
ICE.

Q. What is ICE?

A. Frozex waTER. When the tem-
perature of the air is reduced to 32
degrees, water will no longer remain in
a fluid state.

Q. Why is soLID ICE LIGHTER than WATER?

A. Because water expands by freez-
ing; and as its bulk is increased, its
gravity must be less.

Nine cubic .nches of water become 7zn when frozen.

Q. Why do EWERS BREAK in @ FROSTY NIGHT ?

A. Because the water in them freezes ;
and (expanding by frost) bursts the ewers
to make room for its increased volume.

Q. Why does it not expand vepwarps (like
boiling water) and RUN OVER?

A. Because the surfaceis frozen first ;
and the frozen surface acts as a plug,
which is more difficult to burst, than the
earthen ewer itself.
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Q. Why do TILESs, STONES, and ROCKS, often
SPLIT tn winter 2

A. Because the moisture in them
freezes ; and (expanding by frost) splits
the solid mass.

Q. In winter time, FOOT-MARKS and WHEEL-
RUTS are often covered with an icy NET-WORK,

through the interstices of which the soil is clearly
seen,—WHY does the water freeze in NET-WORK b

A. Because it freezes first at the
sides of the foot-prints: other crystals
gradually shoot across, and would cover
the whole surface, if the earth did not
absorb the water, before it had time to
freeze. .

Q. In winter time, these FOOT-MARKS and
WHEEL-RUTS are sometimes covered with a perfect
SHEET of ice, and not an icy net-work,—Why is
THIS ?

A. Because the air is colder, and the
earth harder, than in the former case; in
consequence of which, the entire surface
of the foot-print is frozen over, before the
earth has had time'to absorb the water.

Q. Why 1is not the ice 8OLID in these Tuts /=

Way ds there only a very thin FILM or NET-WOR
of ice ? :
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A. Because the earth absorbs most of

the water, and leaves only the icy film
behind.

Q. Why do WATER-PIPES frequently BURST in
FROSTY weather ?

A. Because the water in them freezes;
and (expanding by frost) bursts the pipes,
to make room for its increased volume.

Q. Does not water ewpand by HEAT, as well as
by coLp ?

A. Yes; it expands as soon as it is
more than 40 degrees, till it boils ; after
which time, it flies off in steam.

Freezing water, 32°. 212° Boiling water.

Here A B measures the bulk of a portion of water at 40 degrees.
It goes on increasing in bulk to C D, when it boils.
It also goes on increasing in bulk to E F, when it freezes.

Q. 'WHEN does WATER begin to EXPAND from
cold ?

A. Whenit is reduced to 40 degrees.
It is wisely ordained by God that water
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shall be an exception to a very general
rule, it contracts till it 1s reduced to 40

degrees, and then it expands till it freezes.

The general rule is this—That cold condenses and contracts the
volume of nearly every thing ; but water is nof conéracted by cold
after it has reached 40 degrees.

Q. Way does water expand when it freezes ?

A. Because it 18 converted into solid
crystals, which do not fit so closely as the
particles of water did.

Q. Why is the BoTTOM of a river SELDOM
FROZEN ?

A. DBecause water, when it becomes
colder than 40 degrees, ascends to the
surface; and (if it freezes) floats there,
till it is melted.

Q.  Show the wispoM of GoD in this wonder-
JSul exception to a general law.

A. If ice were heavier than water, 1t
would sink; and a river would soon
become a solid block of ice, which could
never be dissolved.

Q. Why does not 1CE on the SURFACE of a
river CHILL the water BEXEATH, and freeze it ?

A. 1st—Because water is a very bad
conductor, and is heated or chilled by
CONVECTION only: and
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2ndly—The ice on the surface acts as
a shield, to prevent cold air from penetra-
ting through the river, to freeze the water
below the surface.

Q. Why does WATER FREEZE at the SURFACH
Sirst?

A. Because the surface is in contact
with the air, and the air carries away its
heat.

Q. Why does the coat of ice grow THICKER
and THICKER, if the frost CONTINUES ?

A. Because the heat of the water
(immediately below the frozen surface)
passes through the pores of the ice into
the cold air.

Q. Why are mot WHOLE RIVERS FROZEN
(layer by layer ), till they become solid ice P

Because water is so slow a con-
ductor, that our frosts never continue
long enough, to convert a whole river into
a solid mass of ice.

Q. Why does not RUNNING water freeze 80 FAST
as STILL water ?

A. Because the rapid motion of the
current prevents the crystals from form-
ing into a continuous surface.
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Q. When RUNNING waler {8 FROZEN, why i3
the 1CE generally very RovGH ?

A. Because little flakes of ice are
first formed and carried down the stream,
till they meet some obstacle to stop them ;
then other flakes of ice (impinging against
them) are arrested in like manner; and
the edges of the different flakes overlap-
ping each other, make the surface rouﬁz.

Q. Why do soME parts of a river FREEZE
LESS than others ?

A. DBecause springs issue from the
bottom; and, bubbling upwards, thaw
the ice, or make it thin.

Q.  When persons FALL into a river in winter,
why does the WATER feel comparatively wWARM ?

A. Because the frosty air is at least
10 or 12 degrees colder than the water.

The frozen river below its surface is at least 400; but the air
820, or even lets,

Q. Why is SHALLOW water FROZEN more
QUICKLY than DEEP water P

A. Because the whole volume of water
must be cooled to 40 degrees, before its
surface can be frozen: and it takes a
longer time to cool down a deep bed of

water, than a shallow one.
Q.  Whyis:
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A. 1st—Because the mass of water
s so great, that it requires a very long
time to cool the whole volume down tc
40 degrees:

2ndly—The ebb and flow of the se:
interfere with the cooling influence o
the air: and

.8rdly—=Salt water never freezes, til
the surface is cooled down 4 or 5 degree:

below the freezing point of fresh water.
Q. Why do some LAKES RARELY (if ever
FREEZE ?

A. 1st—Because they are very deep
and

2ndly—Because their water is supplie
by spmngs, which bubble from the botton

Q.  Why does the DEPTH of water RETARD i

Sreezing P

A. Because the whole volume of wate
must be reduced to 40 degrees, befor
the surface will freeze: and the deepe
the water, the longer it will be before th
whole volume is thut reduced.

Q. Why do spriNGS at the bottom of a lai
PREVENT it8 freezing P

A. Because they continually sen
forth fresh water, which prevents the lak
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from being reduced to the necessary
degree of coldness.

Q. It is COLDER in a THAW, than in a FROST.
Euwplain the reason of this.

A. When frozen water is thawed, it
‘absorbs heat from the air, &c. to melt
the ice: in consequence of which, the
heat of the air is greatly reduced. .

Q. It 4s WARMER in a FROST, than in a THAW.
Eaplain the reason of this.

A. When water freezes, it gives out
latent heat; and as much heat is
liberated from the water into the atmos-
phere, the air feels warmer. (See N. B.
p. 82.)

Q.  SALT D1sSOLVES ICE. Euwplain the reason
of this.

A. Water freezes at 82°, but salt and
water will'not freeze till the air is 4 or 5
degrees colder; if, therefore, salt be added
to frozen water, it dissolves the ice.

Q.  Will anything DissoLVE ICE besides saLT P

Yes; any acid, such as sulphuric
acid, nitric acid, &c.

. Anything which has a very strong affinity for water will
liquify ice, :
K&
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Q. Why i3 a mizxture of SALT and SNOW,
colder than sxow stself P

A. Because salt dissolves the crystals
of snow into a fluid: And whenever a
solid 1s converted into a fluid, heat is ab-
sorbed, and the cold made more intense.

Q. Why does FROST make the XARTH CRACK ?

A. Because the water absorbed in
warm weather, expanding by the frost,
thrusts the particles of earth apart from
each other, and leaves a chink or crack
between.

Q. Show the wispoM of Gob in this arrange-
ment.

A. These cracks in the earth let in
air, dew, rain, and many gases favourable
to vegetation.

Q. Why does the EARTH CRUMBLE in SPRING ?

A. Because the tce of the clods
dissolves ; and the particles of earth
(thrust apart by the frost) being left
unsupported, tumble into minute parts,
as soon their cement of ice ts dissolved.

Q. Why does MORTAR CRUMBLE away in
FROST ?

A. Because it was not dried tn the
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warm weather ; therefore, its moisture
Jreezes, expands, and thrusts the particles
away from each other; but when the
frost breaks up, the water condenses, and
leaves the mortar full of cracks and chinks.

Q. Why does sTucco PEEL from @ WALL in
FROSTY weather ?

A. Because the stucco was not dried
in the warm weather ; therefore, its mdis-
ture freezes, expands, and thrusts the
particles away from the wall ; but, as soon
as the water condenses again from a
thaw, the stucco (being unsupported)
Salls by its own weight.

Q. Why cannot BRICKLAYERS and PLASTER-
ERS work in frosty weather ?

A. Because frost expands mortar,
and causes the bricks and plaster to
start froin their position.

Q. Why do BRICKLAYERS COVER their work
with STRAW in spring and autumn ?

A. Because straw is a non-conductor;
and prevents the 'mortar of their new
work from freezing, during the cold
nights of spring and autumn.

Ka?d
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Q. Why are WATER-PIPES often covered with
STRAW in winler-time ?

A. Because straw (being a non-con-
ductor) prevents the water of the pipes
Jrom freezing, and bursting the pipes.

Q.  Why are delicate TREES covered with STRAW
in WINTER ?

A. DBecause straw (being a non-con-
dustor) prevents the sap of the tree from
being frozen.

Q. Can WATER be FROZEN in any way BE-
SIDES by frosty weather ?

Yes; in very many ways. For
example—a bottle of water wrapped in
cotton, and frequently wetted with ether,
will soon freeze.

Q. Why would WATER FREEZE if a bottle were
kept constantly wetted with ETHER?

A. Because evaporation wovld carry
off the heat of the water, and reduce it
to freezing point.

Q.  Whydoes WATER freeze under the RECEIVER
of an AIR pump, when ether is present and the air
exhausted ?

A. Becauseevaporation is very greatly
increased by the diminution of atmospheric
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pressdre; and the ether evaporating very
rapidly, produces sufficient cold to freeze

the water.

FREEZING MIXTURES.

1. If nitre be dissolved in water, the heat of the liqunid will be
reduced 16 degrees.

- 2. If b oz. of nitre, and 5 of sal-ammoniac (both finely pow-
dered) be dissolved in 19 oz. of water, the heat of the liguid will
be reduced 40 degrees.

3. 1If 3 lbs. of snow be added to 1 Ib. of salt, the mixture will
fall to O (or 32 degrees below freezing point.)

The two following are the coldest mixtures yet known :—e

1. Mix 3 lbs. of muriate of lime with 1 Ib. of snow.

2. Mix 5 lbs. of diluted sulphuric acid with 4 lbs. of snow.

Ice may be made in a red-hof vessel thus, Heat a platinam
veasel red hot, pour into it a little water—then some liquid sul-
phurous acid ; turn the vessel over, and ice will come out. The
reason is this, the sulphurous acid so suddenly evaporates from the
heat of the vessel, that the water is frozen.

Q. Why is it more easy to swiM in the SEa,
than in a RIVER ?

A. Because the specific gravity of
salt water is greater, than that of fresh;
and, therefore, it buoys up the swimmer
better. «

Q. How do cooks ascertain, if their BRINE be
BALT ENOUGH for pickling P

A. They put an egg into their brine.
If the egg sink, the brine is not strong
enough ; if the egg float, it is.

Q. Why will an Eaa sINE, if ths brine be Nox
STRONG enough for pickling ? 5

K a
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A. Because the egg will be the
heavier : but if as much salt be added
8s the water can dissolve, the brine will
buoy up the egg, and cause it to float.

Q. WHY will an EGG FLOAT in strong BRINE,
and not tn water ?

A. Because the specific gravity of
salt and water is greater, than that of
wafer only.

Q. Why do persons SINK in water, when they
are UNSKILFUL SWIMMERS ?

A. Because they struggle to keep
their head out of water.

Q. Ezxplain how this is.

A. When our head is thrown back
boldly into the water, our mouth is kept
above the surface, and we are able to
breathe : A

But when the head is kept dbove the
surface of the water, the chin and mouth
sink beneath it, and the swimmer is
suffocated.

This may be illustrated thus :—If & piece of wood be of such
specific gravity, that only fwo square inches can float out of water ;
it is manifest, that if two ofer inches are raised out, the two

‘ormer inches must be plunged in. The body (in floating) resem-
les this piece of wood—If two square inches of our face float out
of the water, we can breathe; but if part of the dack and orows
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of our head be forcibly raised above the surface, a proportional
quantit dy of our face must be plunged in; and our mouth becomes
covered with water,

Q. Why can QUADRUPEDS 8wim MORE EASILY
than MAN?

A. 1st—Because the trunk of quad-
rupeds is lighter than water; and this is
the greatest part of them: and

2ndly—The position of a beast (when

swimming) is a natural one.

Q. Why isit MORE, DIFFICULT for @ MAN to
swim, than for a BEAST ?

A. 1st—Because his body is more
heavy in proportion, than that of a beast:
and

2ndly—The position and muscular
action of a man (when swimming) differ
greatly from his ordinary habits; but
beasts swim in their ordinary position.

Q.  Why can FAT men SWIM moré EASILY than
SPARE men ?

A. Because fat is lighter than water ;
and the fatter a man is, the more buoyant
will he be. ¢

Q. How are ¥isHES able to ASCEND to the
SURFACE of water ?

A. TFishes have an atr-bladder near
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the abdomen; when this bladder is
filled with air, the fish increases in size ;
and (being lighter) ascends through the
water to its surface.

Q. How are fishes able to DIVE in a minute
to the BoTTOM Of @ Stream ?

A.  They expel the air from the air-
bladder; in consequence of which, their
siz¢ s diminished, and they sink instantly.

CHAPTER XXVIL

LIGHT.

Q. What is LiHT ?

A. Rapid undulations of a fluid called
the luminous ether, made sensible to the
eye, by striking on’ the optic nerve.
(See p. 48).

The several particles of which air is composed do not touch

each other. It is assumed that the intervening spaces are occne
pied by an impouderable medinm, called the luminous ether.
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Q. How do the undulutions of ether produce
LIGHT?

A. In the same way as undulations
of air produce sounds: 1. e. by register-
ing themselves upon the extremities of a
mnerve prepared for their perception.

The term undulatory is not very correct when applied to the
motion of air and ether, in the phenomena of sound and light.

It is rather viératory than undulatory. .

Q. How FaST does LIGHT TRAVEL ?

A. All light travels so fast, that it
would go eight times round the earth,
while a person counts  oNE.”

All light ; whether the light of the sun, the light of a candle,
or the reflected light of houses, trees, and fields, travels in round
numbers 192,000 miles per second.

Q. Why are SoME surfaces BRILLIANT (like
glass and steel,) and oTHERS DULL, like lead P

A. Because some surfaces reflect
much Ulight, and are brjlliant; while
others absorb a great part of it, and
appear dull.

Q. Why can a THOUSAND persons SEE the
SAME OBJECT at the samg time ?

A. Because it throws off from its
surface an infinite number of rays in all
directions ; and one person sees by one
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portion of these rays, and another person
by another.
Q. Why is the EYE PAINED by a sudden L1GHT ?
A. Because the nerve of the eye is
burdened with rays, before the pupil has
had time to contract.

Q. Why does it give us PAIN, if @ CANDLE be
brought suddenly towards our BED at night-time ?

A. Because the pupil of the eye
dilates very much in the dark, in order
to admit more rays. When, therefore, a
candle is brought suddenly before us, the
enlarged pupils allow the optic nerves to
be overloaded with rays, and this causes
pain.

Q. Why caAN we BEAR the candle-light after
a few moments ?

A. Because the pupils contract again
almost instantly ; and adjust tHemselves
to the quantity of light, which falls upon
them.

Q. Why can we SEE NOTHING, when we leave
a WELL-LIGHTED room, and go into the DARKER
ROAD Or STREET ?

A. Because the pupil (which con-
tracted in the bright room) does mnot
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dilate instantaneously; and the contracted
pupil is not able to collect rays enough
from the darker road or street, to enable
us to see objects before us.

. Q. Why do we SEE BETTER, when we get USED
to the DARK P

A. Because the pupil dilates again,
and allows more rays to pass through, its
aperture; in consequence of which, we’
see more distinctly.

Q. If we look at the sux for a few moments,
why do all OTHER things appear DARK?

A. Because the pupil of the eye
becomes so much contracted by looking
at the sun that it is too small to collect
sufficient rays from other objects, to enable
us to distinguish their colours. (See
“ Aecidegtal colours ;" pp. 424, 425.)

Q. If we watch a bright FIRE for a few
moments, why does the RooM seem DARK ?

A. Because the pupil of the eye
becomes so much «contracted by looking
at the fire, that it i1s too small to collect
sufficient rays from the objects around,
to enable us to distinguish their colours.
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Q. Why can we see the PROPER COLOURS of
every object again, after a few minutes ?

A. Because the pupil dilates again,
and accommodates itself to the light

around.
Q. Why can TIGERS, CATS, and OWLS, 866 in
the DARK ?

A. Because they have the power of
enlcrging the pupil of their eyes, so as to
collect scattered rays of light more abun-
dantly: in consequence of which, they
can see distinctly when it i1s not light
enough for us to see any thing at all.

Q. Why do cats and owLs SLEEP almost all
DAY?

A. Because the pupil of their eyes is
very broad, and daylight fatigues them ;
80, they close their eyes for relief.

Q. Why do cats blink when they et befors a
FIRE ? :

A. Because the pupil of their eye is
very broad, and the light of the fire is
painful ; so they keep, shutting their eyes,
to relieve the sensation of too much light.

Q. Why do TIGERS, CATS, OoWLS, dc., PROWL
by n16HT for prey ?
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A. Because they sleep all day, when
the strong light would be painful to
them; and as they can see clearly in the
dark, they prowl then for prey.

. Q. Why do cLoW-WORMS glisten by NIGHT
only ?

A. Because the light of day is so
strong, as to eclipse their feeble light:
in consequence of which, they are invisi-
ble by day.

Q.  Why can we NOT see the STARS tn the DAY-
TIME ?

A. Because the light of day is so
powerful, as to eclipse the feeble light of
the stars: in consequence of which, they
are invisible by day.

Q. Why can we see the STARS even at MID-
DAY, from the bottom of a deep WELL ?

A. Because their light is no longer
overpowered by the rays of the sun,
which are lost in numerous reflections
in the well. .

The rays of the sun will enter the well very obliguely ; whereas
many sfars will shine directly over the well. ~ See pp. 392, 393,

Q. What is the USE of TWO EYES, 8ince they
present only one image of any object P :

La
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A. 1st—To enlarge our field of
vision :

2ndly—To increase the distinctness
of vision :

8rdly—To diminish the fatigue of
vision : and

4thly—To supply the means of sight,
if one eye is injured or lost.

Q. Why do we NOT 8ee things DOUBLE, with

TWO EYES ?
A. Because both images fall on

corresponding parts of the two retins,
which are simultaneously affected.

Persons with oblique vision see double, because bhoth the
images looked at, are not painted on points of the retinee which
correspond.

Q. Why do we SEE ourselves in a GLAsS ?

A. Because the rays of light from
our face, on striking against the surface of
the glass are reflected, or sent back again
to our eye.

Q. Why are the rays of light REFLECTED by
@ MIRROR ? .

A. Because they cannot pass through

the impenetrable metal with which the
back of the glass is covered; so they
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rebound back again, just as a marble
would, if it were thrown against a wall.

Q. When a marble is rolled towards a wall,
what is the path THROUGH WHICH IT RUNS called ?

A. The line of INCIDENCE. .

Q. When a marble REBoUNDS back again,
what i3 the path it THEN describes called ?

A. The line of REFLECTION. .

See figure on p. 388. If AB be the line of incidence, then BC
is the line of reflection: and vice versa.

Q. When the light of our face goes to the
GLASS, what s the path through which it goes
CALLED ?

A. The line of incidence.
Q. When the light of our face is reflected BACK

again from the mirror, what is this RETURNING
path called ?

A. The line of reflection.

Q.  What is the axoLE of incidence P
A. The angle between the line of
incidence and the perpendicular.

Q. What is the ANGLE of reflection ?
A. The angle between the line of
reflection and the perpendicular.
See figure on p. 888.
La?l
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3 B S

Let SS be any surface, PB a perpendicular to it.—If a marble
were thrown from A to B, and bounded back to C; then ABP
would be called the angle of incidence, and CBP the angle of
reflection.

Q.  Why does our reflection in a mirror seem
to APPROACH us, as we walk TOWARDS it: and to

RETIRE FROM u8, a8 WE retire

A. Because the lines and angles of
incidence are always equal to the lines and
angles of reflection; in consequence of
which, the image will always seem to be
as far behind the mirror, as the real object
18 before 1t.
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Suppose A to be a mirror—CA, EA, DA, and FA the lines of
incidence ; then GA, KA, HA, and LA, are the lines of reflection.
When the arrow is at CD, its image will aglpear at GH, because
line CA=GA, andline DA=HA ; and also the angle CAB=angle
GAB, and angle DAB=HAB. For a similar reason, if the arrow
were at EF, the image would seem to be at KL.

Q. Why can a man se¢ his WHOLE PERSON
reflected tn a LITTLE MIRROR, not 6 inches in length ?

A. Because the lines and angles of
reflection must be always equal to the
lines and angles of incidence.

\Eo - M

° L

Let M m be a small mirror, and E an eye, looking at I i, an
image of the object O o reflected from it. Then the ray which
falls perpendicularly from O, is reflected back in the same line, so
that the image®™ppears as if placed at I. But the rag which falls
obliquely from o to m, is reflected by an equal angle to O, and the
image seems to be at i, (i. e. in the line of the last reflection.)
Hence the entire image will appear to be as large as Ii.

Q.  Why does the IMAGE of any object in WATER

always appear INVERTED
A. Because the angles of incidence
are always equal to the angles of reflection.
La3d ‘
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fiers the arrow head A stnkes the water at F, and is_reflected
a8 if from D; and the barb B strikes the water at E, and is
reflected as if from C.

If a spectator stands at G, he will see the reflected lines CE and
DF, produced as far as G.

Itis very plain, that A (the more elevated objcet) will strike
the water, and be projected from it more perpendicularly than the
point B ; and, therefore, the image will seem inverted. Sez p. 388.

Q. When we se¢e our REFLECTION ©h WATER,

why do we seem to STAND on our HEAD ?
A. Because the angles of incidence are
always equal to the angles of reflection.

The feet are nearest to the surface of the water, and must,
therefore, seem s0 in the reflection ; and the head which is more
remote, must also seem more distant from the surface of the
water which reflects it.

Q. Why do wiINDOWS seem to BLAZE at SUN-
RISE and SUN-SET?

A. Because glass is a good reflector of
light ; and the rays of the sun (striking
against the Wmdy ow glass) are reflected,
or thrown back.
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Q.  Why do wor windows reflect the NOON-DAY
rays also ?

A. They do, but the reflection is not
seen.

Q. Why 13 the reflection of the RISING and
SETTING sun seen in the window, and NoT that of
the NOON-DAY sun ?

A. Because the rays of the noon-day
sun glance off from the glass downwgrds,
so that an observer could not readily
behold both the window snd the sun’s
reflection.

Sun near noon.

_Here AB represents a ray of the noon-day sun striking the
window at B; its reflection will be at C: N

But DB (a ray of the rising or setting sun) will be reflected to
E (the eye of the spectator.) .
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Q. Why can we not see the sun’s reflection in
a WELL, during the day-time ?

A. Because the rays of the sux fall
so obliquely, that they mever reach the
surface of the water at all, but strike
against the brick sides.

THE SUN

«©
Let BDEC be the well, and DE the water.
The ray AB strikes against the brick-work énside the well: and
The ray AC strikes against the brick-work owfside the well,
None will ever touch the water at DE,

Q. Why are sTARS  reflected in a WELL,
although the sUN is NoT ?

A. Because the rays of those sTaRgs,
which pass nearly over-head, will not fall
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so obliquely into the well, as the rays of
the sun.

A STAR.
A

Here the star’s rays AB, AC, both strike the water DE, and
are reflected by it.

The rays of both sun and moon may be reflected from the sur-
face of water in a well, so placed on the earth’s surface, that those
luminaries passgvertically overhead (i. e. between the tropics).

Q. In a sheet of water at nmoon, the sun
appears to shine upon only oNE spot, and all the
REST of the water seems DARK,— WHY s this ?

A. The rays fall at various degrees
of obliquity on the water, and are reflec-
ted at similar angles; but only those
which come from the spot where equal
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angles are formed, between the sun and
a perpendicular, and the eye and the
same line, are visible as glare.

S THESON

Here, of the rays SA, 8B, and SC, only the ray SC meets the
eye of the spectator D. If a line were dropped rpendicnlar]!
over C, the angles formed between that line and SC, and DC,
would be equal.

The spot C, therefore, will appear luminous to the spectator D,
but no other spot of the water

Q. Why are MORE STARS wisible from a
MOUNTAIN, than from a PLAIN?

A. Because they have less air to pass
through. As air absorbs and diminishes
light; therefore, the higher we ascend,
the less light will be absorbed.
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Q. Why do the sUN and MOON seem LARGER at
thetr RISING and SETTING, than at any other time ?

A. The appearance is an illusion, in
consequence of terrestrial objects being
placed in close comparison with them at

one time and not at the other.

The sun has really the same apparent angular size when on the
horizon, and when high in the ekl{. The moon seems really
smaller when on the horizon than when high up.

Q. Why do the sux and MOON appear d¥ if
Jlattened into oval forms when seen on the horizon ?

A. Because the lower portions of the
disc are more displaced by the refractive
power of the atmosphere than the top,
so that the vertical diameter is reduced
in length. No such reduction takes
place in the tramsverse diameter, there-
fore the breadth seems longer than the
depth.

Q. Hé&w does LIGHT cause ths pupil of the
éye to CONTRACT ?

A. The pupil of the eye is a round
hole, in the midst of & moveable muscular
curtain or screen, called the ¢ris. When
too much light falls on the nervous
retina at the back of the eye, it irritates
it; and this ¢rritation is conveyed to the
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muscular rings composing the curtain by
small nervous fibres, causing them to
contract.

The same effect is produced by increasing or diminishing the
object aperture of a telescope. The power of a small part of the
upil to allow a perfect but fainter image of an object to be
?ormed, may be thus proved :—Fix the eye attentively upon the
flame of a candle, then very slowly advance the edge of a card,
held closely to the eye, more and more across the pupil, and the
flame will be seen to get fainter and fainter, although it still
preg-rves its perfect outline ; at last, it disappears all at once.

Q. Why can we NoT SEE into the STREET or
road, when candles are lighted ?

A. Because the pupil of the eye
(having become contracted by the light of
the room) is too small to collect rays
enough from the dark street, to enable

us to see objects in it.
Q.  Why do we often seé the FIRE REFLECTED
in our parlour WINDOW tn winter-time ?

A. Because glass is a good reflector ;
and the rays of the fire (strikiig against
the window-glass) are reflected back into
the room again.

Q. Whky do we often see several reflections

of our FIRE or CANDLES' in the window, while we
are gitting in our parlour P

A. 1st—Because both surfaces of the
window glass reflect them: and
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2ndly—The reflections are multiplied
by imperfections in the glass.

Q. - Wuy is this reflection more clear, if the
external AIR be DARK ?

A. Because the reflection is not
eclipsed by brighter rays, passing through
' from the other side of the window.

Q. If the sHADOW of an object be thrown on a
wall,—the CLOSER the object is held to a cAWDLE,
the LARGER will be its sHADOW. Why is this ?

A. Because the rays of light diverge
from the flame of a candle in straight
lines, like lines drawn from the centre of
a circle.

Here the arrow A held close to the candle, will cast the
M A
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shadow BF on a wall; while the same arrow held at C would
‘cast only the little shadow DE.

Q. Why does an AVENUE of TREES, or a long
straight STREET, seem to gel NARROWER dnd nar-
rower in the distance, till the two sides appear to
MEET ?

A. Because the more distant trees
or houses are, the more acute will be the
angle, that any opposite two make with
our‘eye. y

Here the width between the trees A and B will seem to be as
great as the line AB:

But the width between the trees C and D will seem to be no
more than EF.

Q. In an AVENUE or long straight sTREET,
wHY do TREES or houses seem to be SMALLER and
smaller as their distance increases ?

A. Because the more distant trees
or houses are, the more acute will be the
angle made by their perpendicular height
with our eye.
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Here the first tree AB will appear the height of the line AB;
but the last tree CD will appear only as high as the line EF.,

* Q. Why do some glasses MAGNIFY objects and
others diminish them

A. This depends upon the focus of
the glass; if a glass makes the focal
distance of an object longer, the object
appears deminished in size: if shorter,
it magnifies.

The focal distance means the distance at which the eye perceives
an object distinctly. A microscope magnifies by enabling the eye
to see an image closer to the eye, than would be possible otherwise.

In the last two figures it is evident—That the larger the angle
made by two Jines connecting the object with the eye, the larger
the object will appear, and vice versa. But this angle becomes
smaller und smaller as the object is removed further from us.
Thus the angle CGD is less than the angle AGB. If a lens

therefore lengthens the focus, it diminishes objects ; if it shorfens
the focus 1t magnifies them.

Q. Why does a man on the TOP of a MOUNTAIN

or church spire, seem to be no BIGGER than a crow ?

A. Because the angles made in our

eye by the perpendicular height of a man
Ma ‘
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at that distance, is no bigger than that
made by a crow close by.

Let AB be a man on a distant mountain or spire, and CD a
crow close by :

The man will appear only as high as the line CD, which is the
height of the crow.

Q.  Why does the Moox appear to us so much
LARGER than the sTARS, though in fact it is a great
deal SMALLER ?

A. Because the moon is very much

nearer to us, than any of the stars.

B

Let AB represent a fixed star, and CD the moon.

AB though much the larger body, will appear no bigger than
EF; whereas the moon (CD) will appear as large as the line CD
to the spectator G.

The moon is 240,000 miles from the earth, not quite a quarter
of a million of miles. The nearest fixed stars are 20,000,000,000
000. ﬂ: . 20 billions.)

If & ball went 500 miles an hour, it weuld reach the moon in
twenty days: but it would not reach the nearest fixed star in
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4,600,000 years. Had it begunm, therefore, when Adam wns
created, it would be no further on its journey, than a coach
(which has to go from the Land’s End, Coruwall, to the most
nfgrthe;ln parts of Scotland) after it has past about three-quarters
of a mile.

Q. Why do the sux and MooN (which are
spheres) appear to be flat surfaces ?

A. Because they are such an ¢mmense
way off, that we can discern no difference
of length, between those rays which isgue
from the edge, and those which issue
from the centre of these bodies.

A
( _5'5‘—_"_’__'::“’_{;‘:: Rt —— P )
c

The rays AD and CD appear to be no longer, than the ra
BD; but if all the rays eeem of the same length, the part B wi
not seem 1o be nearer to us than A and C; and, therefore, ABC
will look like a flat or straight line,

The rays AD and CD, in the case of the moon, are 240,000
miles long.

The ray BD is 238,910 miles long.

Q. Why does DISTANCE make an object
INVISIBLE ?

A. Because no wistble perpendicular
can be inserted between the lines which
form the angle: or because the light has

been made very faint by the distance.

The image formed within the eye, falls upon so small an area
of the internal membrane, that this is not able to effect its
perception ; or it stimulates that area so faintly, that no sense of
sight follows, Mad
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Q. Why do TELEsCOPES enable us to see
objecls INVISIBLE to the naked eye ?

A. Because they gather together
more luminous rays from obscure objects,
than the eye can; and form a bright
image of them in the tube of the teles-

cope, where they are magnified.

Asmany times as the dimensions of the object-glass exceed the
dimexsions of the pupil of the eye; so many times the penetrating
powers of the telescope, will exceed that of the naked eye.

Q. When a sHIP (out at sea) is approaching
shore, why do we SEE the small MaSTS, before we see
the bulky HuLL ?

A. Because the earth is round ; and
the curve of the sea hides the hull from
our eyes, after the tall masts have become
visible.

Here only that part of the ship above the line AC, can be seen
by the spectator A ; the rest of thte ship is hidden by the swell of
the curve DE.

Q. What is meant by REFRACTION ?
A. Bending a ray of light, as it
passes from one medium to another.
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Q. How is a ray of light BENT, when it passes
Srom one medium to another ?

A. When a ray of light passes into a
denser medium, it is bent towards the
perpendicular. When it passes into a
rarer medium, it is bent from the per-
“pendicular.

Suppose DE to be a perpendicular line.
If AB (a 4y of light) enters the water, it will be bent Zowards
the perpendicular to C.

If (on the other hand) CB (a ray of light) emerges from the
water, it would be bent away from the perpendicular towards A.

Q.  If light and sound are both produced by
oscillations, why can we not sEE light, as well as
hear sounds, through a bent trumpet or horn ?

A. Because many substances reflect
the oscillations of sound, that do not
reflect the oscillations of light.
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Intetvening angles obstruct the passage of sound in some
measure, but not to the same extent as they obstruct the passage
of light. Thusif a card be placed between a vibrating tuning
fork and the air, the sound is dulled. On the other hand, light
may be transmitted through a bent tube, if reflecting mirrors are
properly placed at the angles.

Q. Why does a spoox (in a glass of water)
always appear BENT ?

A. Because the light (reflected from
the spoon) is refracted, as it emerges from
the water.

Here the spoon ABC is refracted, when it enters the water, and
appears broken as ABD. «

A common experiment, bearing a similar explanation, is this:
Put a shilling in an empty basin—move away till you just lose
sight of the coin-—let some one pour clean water in the basin, and
the shilling will again become visible to you.

Q. Why does a river always appear more
shallow, than it really is? *

A. Because the light of the bottom
of the river is REFRACTED, as it emerges
out of the water.
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See fig. on p. 404. The bottom of the river will appear
elevated, like t ¢ bowl of the spoon D,

Q. How much deeper is a river, than it seems
to be?

A. About one-third. If, therefore, a
river seems only 4 feet deep, it is in
reality nearly 6 feet deep.

The exact apparent depth would be 4} To find the real
depth, multiply by 4 and divide by 3—thus 4} X4--3=0 feet
real depth.

N. B. Many boys get out of their depth in bathing, in conse-
quence of this deception. .Remember, a river is always one-third
deeper than it appears to be:—thus, if a river seems to be 4 feet
deep, it is in reality nearly 6 feet deep, and so on.

Q.  Why do fishes seem to be nearer the surface
of a river, than they really are ?

A. Because the rays of light from the
fish are refracted, as they emerge from the
water: In consequence of which, the
fish appear nearer to our eye, than they

really are.e
See fig. on p. 404.

Q. Why are some persons NEAR-SIGHTED?

A. Because the cor'NEA of their eye
is so prominent, that.the image of distant
objects is formed before it reaches the
RET'INA ; and therefore, is not distinctly
seen.
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Q. What is meant by the * corR'NEA of the
EYE?"

A. All the transparent part of the
front of the eye-ball.

The curve ABC is called the
, %‘k'fz%%@‘é COR'NEA.
a T

#
W Z If this curve be too prominent (or
@ convex), the eye is near-sighted.

v L If too flat (or concave), the eye is
far-sighted.

Q. What is meant by the “RET'INA of the
EYE ?”

A. The net-work, which lines the
back of the eye, is called the retina.
The net-work ABC is called the ret’ina,

% D and the projecting part DEF is called the
cor’nea.
B E . .
A N.B. This net-work is composed of a
> ¥  spreading out of the fibres of the nerve of
vision.

L]

The eye is covered with a tough pearly opaque membrane,
called the sclerot'ric coat, going all round the eye except over the
front DEF (the cornea); at D) and F it terminates and makes a

. groove, into which the transparent cornea fits, just as a watch glass
ts jnto the metal rim made to receive it.

The opening just helow A is the optic nerve, which enters the
eye on that side nearest the nose; and after it gets into the eye,
expands into the lining called the retina.

Q. What sort of eLASSES do NEAR-SIGHTED
persons wear ?

A. If the cornea be too convex (or
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projecting), the person must wear double
concave glasses, to counteract it.

Q. What is meant by ‘DOUBLE CONCAVE
GLASSES P’

A. Glasses hollowed-in on both sides.

K id’:‘he figure A is double concave, or concave on both
sides.

Q. Where is the IMAGE of objects formed, if
the cornea be too convex ?

A. If the cor'nea be too convex, the
image of a distant object is formed in the
vitreous humours of the eye, and not on
the ret'ina.

Thus the image is formed at DE;
and not on ABC (the retina. )

Q. What is the us¢e of DOUBLE CONCAVE
SPECTACLE glasses ? .

A. To cast the vmage further back ;
in order that it may be thrown upon the
ret'ina and become visible.
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Q. Why are oLD people FAR-SIGHTED ?

A. Because the humours of their eyes
are dried up by age; in consequence
of which, the cor'NEA sinks in, or becomes
flattened.

Q. Why does the FLATTENING of the COR'NEA
prevent persons seeing ohjects which are NEAR ?

A. Because the cor'nea is too flat;
and the image of any near object is not
completely formed, when its ray reach
the RET'INA; in consequence of which,
the image is imperfect and confused.

€

B The perfect image would be made at DE;

WY ‘/ and not on ABC (the retina).
o

Q. What sort of erasses do' oLD people
WEAR ?
A. As their cor'nea is not sufficiently

convex, they must use double convex
glasses, to enable them to see objects
near at hand.

Q. What sort of glasses are ‘“ DOUBLE CONVEX
SPECTACLE GLASSES ?”
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A. Glasses which curve outwards on
both sides.

A The figure A is double convex, or convex on both
sides.

Q. What is the use of DOUBLE 6ONVEX specta-
cle glasses ?

A. To shorten the focus of the eye ;
and bring the image of distant objects
upon the retina.

Q.  WhydoNEAR-SIGHTED persons bring objects
CLOSE 10 the eye, in order to SEE THEM ?

A. Because the refracting powers of
their eye are so great, that the image of
distant objects is formed in front of the
retina : but when objects are brought
near to ,the eye, their image is thrown
further back, and made to fall on the
retina.

Because then the rays which come from them to the eye are

more divergent, and, therefore, require more refracting power to
bring them to a fom

Q. Why do oLD people HOLD objects FAR OFF,
in order to see them. better ?

A. Because the refracting powers of
N a
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their eyes are mot great emough: when,
however, objects are held further off, it
compensates for this defect; and a per-
fect image is formed on the ret'ina.

Q. Why are Hawks able to see such an
IMMENSE way off P

A. Because they have a muscle in
the eye, which enables them to flatten
theiy cornea, by drawing back the crystal-

line lens.

There is yet some little uncertainty as to the cause by which the
eye is enabled to adapt itself to varying distances.

Q. Why can BAWKS see objects within half-an-
inch of their eyes, as well as those a long way off ?

A. Because their eyes are furnished
with a flexible bony rim; which can
throw the cor'nea forward, and make the
hawk near-sighted. (See p. 405.)

Q. Into how many PARTS may a RAY of
LIGHT be DIVIDED ? ¢
A. Intothree parts; BLug, YELLOW,
and REp.
N. B. These three colours by combination, make seven. 1.—
Rep. 2.—Oranee (or red and yellow). 3.—YerrLow, 4.—

GREEN (or yellow and blue). 5.—BLUE. 6,—IND1a0 (a shade
of blue); and 7.—VtoLET (or blue and red).

Q. How is it known, that a ray of light
consists of several diffsrent colours ?
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A. Because a triangular piece of
glass (called a prism), will divide it into
these seven colours: 1.—Red; 2.—
Orange; 3.—Yellow: 4.—Green; 5.—
Blue; 6.—Indigo; and 7.—Violet.

Q. Why does a PRISM DIVIDE a ray of light
into VARIOUS COLOURS ?

A. Because all these colours have
different refractive susceptibilities. Red
is refracted least, and blue the most ;
therefore, the blue colour of the ray will
be bent to the top of the prism, and the
red will remain at the bottom.

Here the ray AB (received on a prism at B), would have the
blue part bent up to C; the yellow part to D; and the red part
no further than E,

Q.  What ismeant by the REFRACTION of aray ?
A. Bending it from its straight line.

Thus the ray AB of the last figure is refracted at B into thres
courses, C, D, and E.

Q. What is the cause of a RAINBOW ?
A.  When the clouds opposite the sun
N a R
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are very dark, and rain is still falling
from them, the rays of the bright sun are
diwvided into colours by the rain-drops, as
they would be by a prism.

Let A, B, and C be three drops of rain; SA, SB, and SC, thres
rays of the sun. They are all divided into three colours, by
the droBs of rain on which they fall, and are reflectel towards the
eye at D.

yBm; since the coloured rays are bent in different degrees, and
the drops placed at different heights, only one colour from each
enters the eye.

Hence the eye receives the least refrangible (red) from A;
the next least (yellow) from B; and the most refrangible (blue)
from C. As, however, many drops are similarly circumstanced
with regard to the eye, arched bands of eolours are visible,
constituting the rain-bow.

Q. Does EVERY person see the sAME colours
from the saME DROPS ?
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A. No; no two persons see the same
rainbow.

To another spectator the rays from SB mifbt ba red, instead of
yellow : theray from SC, yellow ; and the blue might be reflected
from some drop below C.” To a third person the red may issue

from a drop above A, and then A would reflect the yellow, and B
the blue, and #o on.

Q.  Why are there often TWO RAINBOWS, at one
and the same time ?

A. 1In one rainbow we see the rays of
the sun entering the rain-drops at, the
top, and reflected to the eye from the
bottom.

Ini the other rainbow, we see the rays
of the sun entering the rain-drops at the
bottom, and reflected to the top, whence
they reach the eye.

Here the ray 8A (of the gﬁmary rainbow) strikes the dror at
s refracted of bént to B,~is then reflected to ©, wheke 1t is
tefractidl again, and reacies the éyb of the spectator, .

Na3d
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Here the ray SB (of the secomndary rainbow) strikes the drop
at B,—is refracted to A,—is then reflected to C,—is again reflec-
ted to D, when it is again refracted or beat, till it reaches the eye
of the spectator.

Q. Why are the coLours of the sECOND bow
all REVERSED ?

A. Because in one bow we see the
rays, which enter at the top of the rain-
drops, refracted from the bottom :

But in the other bow we see the rays,
which enter at the bottom of the rain-
drops (after two reflections) refracted
from the top.

See figure on next page.

Here ABC represent three drops of rain in the sECONDARY
(or upper) RAINBOW.

The least refracted line is RED, and BLUE the moet.

So the BLUE (or most refracted rays) of all the dropsin the
position of A,—the YELLOW of those in the position of B,—and
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the RED (or the least refracted rays) of the lowest drops, all meet
the eye D, and form a rainbow to the spectator.

The reason why the primary bow exhibits the stronger colours
is this—because the colours are seen after one reflection and fwo
refractions ; but the colours of the secondary (or upper) rainbow,
undergo ¢wo reflections and #wo refractions.

(See figure on p. 412.) Here also the least refracted ray is
RED, and the mos? refracted BLUE (asin the former case); but the
position of each is reversed.

Q. Why does a s0oAr BUBBLE ewhibit such a
VARIETY 0f COLOURS ?

A. Because the thickness of the film
through which the rays pass, is con-
stantly varying. °

Q. Why does the THICKNESS of the FILM affect
the coLOUR of a soap bubble ?
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A. Because different degrees of thick-
ness in the film produce different powers of
refraction; and, therefore, where the
thickness of the film varies, different
colours reach the eye. .

‘Where a spot on the bubble grows excessively thin, it appears
black, because it then transmits all the light and reflects none.

Q. Why is a soAP BUBBLE 80 constantly
CHANGING 18 THICKNESS ?

A. Because water runs down from the
top to the bottom of the bubble, till the
crown becomes so thin as to burst.

Q. Why are 8oME things TRANSPARENT ?

A. Because they are so constituted
as to allow the vibrations of light
to be uniformly transmitted through
their substance.

Q.  Why are some things NOT TRANSPARENT.?

A. Because they are so cdnstituted
as not to allow the vibrations of light
to be transmitted through their substance.

Therefore they are seen by light reflected back from them;
instead of allowing other bodies to be seen by light transmitted
through them.

Q. Why are prY PAPER and calice (which are
OPAQUE) made transparent by being o1LED ?
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A. Because the pores are filled by the
oil, which has a different refractive power
to the substance of the paper itself :—by
this means the substance acquires the
property of transmitting vibrations of
light.

Q. Why are sOME things SHINING, and others
DULL? 2

A. Because some things reflect rays,
and are bright ; but others absorb them.

Q. Why do DESERTS DAZZLE from sunshine

A. Because each grain of sand reflects
the rays of the sun, like a mirror.

Q. Why are the EDGES of CLOUDS more
LUMINOUS, than their CENTRES ?

A Because the body of vapour is
thinnest at the edges of the clouds.

‘Q. Way i a ray of LIGHT composed of
VARIOUS COLOURS ?

A. To vary the colour of different
objects. If solar light were of one uniform
colour, all objects would appear of that
one colour, or else black.

Q. Some things are of ONE COLOUR, and some
of ANOTHER. Euwplain the cause of this.

A. Every ray of light is composed of
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all the colours of the rainbow ; and some
things reflect one of these colours, and
some another.

Q. Way do some things reflect ONE COLOUR,
and some ANOTHER !

A. Because the surface of thingsis
differently constructed, both physically and
chemically.

As the thickness of a cord affects the tone of it, so the thickness
of alamina affects its colour, as may be seen in a soap bubble.
Thin tight cords produce sharp shrill sounds, and thin laminse pro-

duce blue and violet colours.  Thick loose cords produce deep bass
sounds, and thick laminee red colours.

Q. Whyis a VIOLET BLUE !

A. Because the undulations of ether,
which touch its surface, are thrown back
with the utmost rapidity ; as the undu-
lations of sound from a very thin tight
cord of an Aolian harp.

Blue, or rather purple, is the kigh freble vibratisa of light, like
the upper Cin music. In order to produce violet colour, the
undulations of ether must be 699 million of millions per second :
and in order to make high C in music, a cord must vibrate 516
times per second.

Q. Why is a ROSE RED ?

A. Red is the deép bass vibration of
ether, in which the undulations are as
slow as they possibly can be, in order to
be apparent.
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Hence the blind man, who said “the deep blast of a trumpet
was scarlet,” felt an analogy, which science corroborates.

To produce red, the ether must be ierked off the surface of the
body at the rate of 477 millions of millionsvibrations in a second :
and in order to make low C in music, the air must vibrate only
258 times in a second.

Q. Why i3 @ PRIMROSE YELLOW ?

A. Yellow is made by the medium
vibrations, as the middle C in musiec.

Q.  Why are some things BLACK, like coals ?

A. Because their surface will not
reflect the undulations of ether which
touch 1t; in consequence of which, they
cease.

These surfaces are to Jighf, what insonorous substances are to
sound.

Q. Why are some things WHITE, like a lily ?
A. Because their surface is so con-
structed as to set in motion the undula-
tions of ether, so that all the rays are
reflected .together, as harmonious tones

in a full chord of musie.

Q. Why are FROTH, S8PRAY, many CLOUDS,
FAT, LIME, THREAD, d¢. dc., white ?

A. Because they consist of an infinite
number of little particles piled one upon
another, which are able to reflect all the
coloured rays.
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Q. Why are BoNES white ?

A. Because they are composed of
very small straight pipes, capable of
reflecting all the colours together: 600
would be no thicker than a hair.

On the colour of snow, sugar, salt, &c., see p. 851.

Q. Why are the LEAVES of plants green
- A. Because a pecualiar chemical prin-
cipke, called chlo’rophyll, is formed within
their cells.

Chlorophyll (xAwpdv ptANov, a grees leaf,) is the green
matter of vegetable snbstancel Pronounce klo'-ro-fill.

Q. Why are leaves a LIGHT green in SPRING ?

A. Because the chlorophyll is not
fully formed.

Q. Why do leaves turn BROWN tn AUTUMN ?

A. Because the chlorophyll under-
goes decay ; and is not replaced as it is
in spring.

Q. Why are plants a PALE YELLOW, when

~ kept in the DARK ?

A. Because chlo'rophyll can beformed
only by the agency of the sun's rays.

Why are POTABOES YELLOW ?
A Because they are grown under-
ground ; and, therefore, can form no
chlo’rophyll in their tubers.
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Q. Why are potatoes (which grow EXPOSED
to the air and light ) GREEN ?

A. Because chlorophyll is formed in
them, under the influence of the sun’s
light.

Q. Why do the STARS TWINKLE ?&

A. Because rays of light, proceeding
from the same centre of vibration, destroy
each other, owing to the inequality of
their paths, producing recurring periods
of momentary darkness.

The differing refrangibility of the atmo:iﬂ\eric strata passed
through, is the principal cause of the inequality in the motion of
the successive systems of waves.

K
The similarity between sound and light has been alréady adverted
to in pp. 418, 419.—In this particular we find another forcible
resemblance,—viz. :
I. Two SOUNDS INTERCEPTING EACH OTHER'S OSCILLATIONS
at opposite phases, will BOTH BE RILENCED.

Vibrate a tuning-fork, and hold it over the mouth of a glass
beaker, the #r will instantly essume sonorous vibrations, and a
foxe will be produced.

Now hold a beaker at right angles to the other, and the musical
tone will instantly cease. Withdraw the second glass, and the
tone returns. Hold it again at right angles to the other, and the
tone is silenced ; and this may bg repeated several times.

II. Soalso TWO RAYS OF LI INTERCEPTING EACH OTHER
at opposite phases, will PRODUCE DARKNESS.

Because the depression of one set of waves will be exactly
measured by the elevation of the other set, and vice verse, To
explain this:—

- oa
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1 4+ B 8
A A A +

If B were fitted into A, as the depression of B is exactly co
mensurate with the elevation of A, the two wavy lines would ma

a levél surface.
-1 /+1 -1 1
m B

Again, suppose A the undulations of one star, and B those of
another, exactly half a phase different, theu it is evident that the
elevations and depressions-of A would be exactly destroyed by the
depressions and elevations of B; and the result of such an inter-
ference may be illustrated by the following algebraic formula:

+ - 4 -
-+ = +
» - [ ] L ]

N2
Here A D is a wave, A C one phase, C D its opposite phase.

Q. If you move a stick (burnt at one end)
pretty briskly ROUND, it seems to make a OIRCLE OF
FIRE,—WHY 18 this ?

A. Because the eye retains the image

A
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of any bright object, after the object itself
s withdrawn ; and as the spark of the
stick returns, before the image has faded
frora the eye, it seems to form a complete
circle.

Q. If separate figures (as a man and a horse)
be drawn on different sides of a card, and the card
TWISTED quickly, the man will seem to be seated on
the horse,—~WHY is this ?

A. Because the image of the horse
remains upon the eye, till the man appears.

The Thaumatrope is constructed oun this principle; it was in-
vented by Dr. Paris, and consisted at first of a piece of circular
card, having two silk strings fastened at the two extremes of its
diameter: by twisting the strings, the card is turned round with
great rapidity, and the man on one side of the card seems seated
on the horse painted on the obverse side. The magnificent con-
formations of coloured waves, by the same instrument, is a great
improvement on the original toy.

Q. If we look at a rRED-hot FIRE for a few
minutes,®wHY does every thing seem TINGED with a
BLUISH GREEX colour ?

A. Because bluish green is the
“ ACCIDENTAL coLoUR” of red: If we fix
our eye upon awy colour whatsoever, we
see every object tinged with its accidental
colour, when we turn aside.

«Accidental colour,” see note, p. 425.
oa2
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Q. Why does the eye perceive the ACCIDENTAL
COLOUR, when the fundamental one is removed ?

A. Because the nerve of the eye has
become tired of the one, but still remains
fresh for the perception of the other.

- Q. If we wear BLUY GLASSES, why does ‘every
thing appear tinged with ORANGE, when we take
them off ?

A., Because orange is the ““ accidental
colour” of blue; and if wWe look through
blue glasses, we shall see its ““ accidental
colour,” when we lay our glasses aside.

Q. If we look at the suN for a few moments,
every thing seems tinged with a VIOLET colour,—
WHY is this?

A. Because violet is the “ accidental
colour” of yellow; and as the sun is
yellow, we shall see its.““accidental colour”
blue, when we turn from gazing at it.

Q. Does not the DARK sHADOW which seems
to hang over every thing, after we turn from loaking
at the sun) arise from our eyes being DAZZLED ?

A. Partly so: the pupil of the eye is
very much contracted by the brilliant light
of the sun, and does not adjust itself
immediately to the feebler light of terres-
trial objects; but, independent of this,
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the “ACCIDENTAL COLOUR” of the sun
being dark wviolet, would tend to throw a
shadow upon all things. (See p. 383.)

Q. Whyis BLACE glass for spectacles the BEST
Jor wear, in this respect ?

A. Because white is the accidental
colour of black; and if we wear black
glasses, every thing will appear in white
light, when we take them off.

Q. Why does every thing seem shadowed with

@ BLACK MIST, when we take off our common
SPECTACLES ?

A. Because the glasses are white;
and black being its * accidental colour,”
every thing appears in a black shade,
when we lay our glasses down.

The accidental colour of red is bluish green.
» » » of orange ,, blue,
» » » of violet » yellow.

n ® 4 ,» of black ,» white,
And the converse of this is true:—
The accidental colour of bluish green is red.
» » » Of blue 4 oOrange.
» » » Of yellow ,» violet.
» . » of white ,» black.

(The law of an accidental golour is this—The accidental colonr
is always half the spectrum. Thus, if we take half the length of
the spectrum by a pair of compasses, and fix one leg in any culour,
the other leg will hit upon its accidental colour.)

N,.B. The spectrum means the seven colours (red, orange,
{ellow, green, blue, indigo, and violet,) divided into seven egual

ands, and placed side by eide in the order just mentloged. .
oa
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CHAPTER XXVIIIL

SOUND.

Q. How i3 soUND produced ?

A. The vibration of some sonorous
substance produces a corresponding mo-
tion in the air, which strikes upon the
drum of the ear, and gives the sensation
of sound.

Q. What are MUSICAL SOUNDS ?

A. Regular and uniform successions
of vibrations.

Q. How fast does SOUND TRAVEL ?

A. About 13 miles in a minute, or

1142 feet in a second of time.

Light would go 8 times round the whole earth, whlle sound is
going its 13 miles.

Q. Why are soME things sonorous, and others
NoTr ?

A. The sonorous. quality of any
substance, is connected with its hardness
and elasticity.

Q. Why are coPPER and IRON sonorous, and
not LEAD ?
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A. Because copper and iron are hard
and elastic ; but lead, being neither hard
nor yet elastic, 1s not sonorous.

Q. Of what is BELL-METAL made ?

A. Of copper and tin in the following

 proportions ;—In every 5 gounds of bell-
‘metal, there should be 1 lb. of tln, and
4 lbs. of copper.

Q.  Why is this mizture of tin and copper used
JSor BELL-METAL ?

A. Because it 1s much harder and
more elastie, than any of the pure

metals.
Q. Why is the sound of a bell sToPPED, by
TOUCHING the bell with our finger P

A. Because the weight of our finger
stops the vibrations of the bell; and as
soon as ghe bell ceases to vibrate, it ceases
to make sound-waves in the air.

Q. Why does a spriT bell make & hoarse
disagreeable sound ?

A. Because the split of the bell
causes a double vibration: And as the
sound-waves clash and jar, they impede
each other's motion, and produce dis-
cordant sounds.
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Q. Why do FIDDLE-STRINGS give musical
sounds ?

A. Because the bow causes them to
vibrate : and this vibration sets in motion
the sound-waves of the air, and produces
musical notes.

Q. Why does a DRUM sound P

A. Because the parchment head of
the Urum wibrates from the blow of the
drum-stick, and sets in motion the sound-
waves of the air,

Q. Why do MUSICAL GLASSES give sound ?

A. Because the glasses vibrate when
they are struck, and set in motion the
sound-waves of the air.

Q. Why do ¥LuTEs, dc. produce musical
sounds ?

A. Because the breath of the per-
former causes the air in the flute to
vibrate ; and this vibration sets in motion
the sound-waves of the air.

Q. Why do PiANO-FORTES produce musical
sounds P

A. Because each key of the piano
(being struck with the finger) lifts up a
little hammer, which knocks against a
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string ; and the vibration thus produced,
sets In motion the sound-waves of the air.
Q. Why are some notes Bass, and some
TREBLE ?
A. Because slow vibrations produce
bass or deep sounds ; but quick vibrations
produce shrill or treble ones.

The deepest bass sound audible is produced by 32 v1bmtlona in
a second ; the sharpest treble sound by 15,000.

The note of any higher octave is produced by twice as many
vibrations, as the corresponding note of the octave below. Thus
if C on the piano be produced by 258 vibrations in a second, then
the octave (or eighth note Zigher) would be produced by 516
vibrations in the same time, and the eighth note Jower by 129
vibrations. (‘See p. 418.)

Q. Why is an insirument FLAT, when the
strings are UNSTRUNG ?

A. Because the vibrations being too
slow, the sounds produced are not shrill
or shaop enough.

Q. Why can persons, living a mile or two

Sfrom a totn, hear the bells of the town-church
SOMETIMES, and not at OTHERS ?

A. Because fogs, rain, and snow,
obstruct the passage of sound ; but when
the air is cold and’clear, sound is propa-
gated more easily.

The direction of the wind will often account for this fact.

Q. WnY can we Nor hear sounds (as thoss of
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distant church bells ) in RAINY or snowy weather, so
well as in FINE weather P

A. Because falling rain or snow
interferes with the undulations of the
sound-waves, and stops their progress.

Q Why can we HEAR distant clocks MOST
distinctly in clear coLD weather ?

A. Because the air is of more uniform
dentsity, and there are fewer currents of
air of unequal temperature to interrupt
the sound-waves.

Besides, dense air can propagate sound-waves more readily than
Tarer aIr.

Q. Why can persons (near the POLES) hear
the VOICES of men in conversation a MILE distant in
winter time ?

A. Because the air is very cold, clear,
and still; in consequence of which, there
are but. few currents of air of unequal
temperature to interrupt the sound-waves.

Captain Ross heard the voices of his men in conversation a
mile and a half from the spot where they stood: and Lieutenant
Foster held a conversation with a man across the harboyr of
Port Bowen, (in the North Sep,) a distance of a mile and a
quarter.

. Why are not soUuNDs (such as those of
distant church bells) heard so distinctly on a HOT
DAY, a8 in frosty weather ?
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A. 1st—Because the density of the
air is less untform in very hot weather :
2ndly—It is more rarefied; and con-
sequently, a worse conductor of sound:
and
- 8rdly—It is more liable to accidental
currents, which impede the progress of

sound.

Q. Why can we mot hear sounds (such as
those of distant clocks) so distinctly in a thick MisT
or HAZE, as in a clear night ?

A. Because the density of the air is
not so untform when it is laden with mist;
in consequence of which, its sound-waves
are obstructed in their progress.

Q. Why do we hear sounds better by NIGHT,
than by DAY ?

A. 1st—Because night air is of more
uniform density, and less liable to acci-
dental currents : and

2ndly—Night is more still, from the
suspension of business and the hum of
men. .

Q. Why is the air of more UNIFORM density
by N1GHT, than it 48 by day P

A. Because the breezes (created by
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the action of the sun's rays) generally
cease at night-fall.

Q. How should PARTITION WALLS be made, to
PREVENT the voices in adjoining rooms from being
heard ?

A. The space between the laths (or
canvass) should be filled with shavings (or
saw-dust ;) and then no sound would pass

from. one room to another.
Q. Why would shavings, or saw-dust, PRE-
VENT the transmission of sound from room to room ?

A. DBecause there would be several
different media for the sound to pass
through: 1st—the air; 2ndly—the laths
and paper: 3rdly—the saw-dust or sha-
vings: 4thly—lath and paper again:
5thly—the air again: and every change
of medium resists the progress of the
sound-waves.

Q. Why can DEAF people hear through an
EAR TRUMPET?

A. Because it restrains the spread
of the voice, and limits the diameter of
the sound-waves ; in consequence of which,

their strength is increased.
Q. Why are MOUNTAINS noiseless and quiet ?
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A. Because the air of mountains is
very rarefied; and rarefied air is a bad
medium for conducting sound.

On the other hand, slight sounds in a diving-bell, when the air
is much condensed by the upward lpressure of the water, are very
intense, and sometimes even painful.

Q. How do you know, that the rarity of air
DIMINISHES the intensity of sound ?

A. If a bell be rung in the receiver
of an air-pump, the sound betomes
Sfainter and fainter, as the air is exhausted ;
till at last 1t is almost inaudible.

Q. What is the cause of ECHO?

A. Whenever a sound-wave strikes
against any obstacle (such as a wall or
hill), it is reflected (or thrown back); and
this reflected sound is called an EcHo.

The same laws govern echo as light. [ See p. 887.)

Q. ¢ What places are most famous for EcHO ?

A. "Caverns, grottoes, and ruined
abbeys; the areas of halls; the windings
of long passages; the aisles of cathedral
churches ; mountains, and icebergs.

Q. Why are caverns, and grottoes, FAMOUS
Jor ECHOES?

A. Because the sound-waves which

Pa
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cannot pass through the caveru or grotto,
are driven back again from their sides.

Q. Why are halls, winding passages, ruins,
and cathedral aisles, FAMOUS for ECHOES ?

A. Because the sound-waves cannot
flow freely forward in them: but strike
against the opposing walls and are beaten
back.

Q.* Why are MOUNTAINS and ice-bergs FAMOUS
for ECHOES ?

A. Because they present an insur-
mountable barrter to the sound-waves,
and throw them back again.

Q. Why do not the waLLS of an ordinary
ROOM or small church produce perceptible EcHo ?

A. Because sound travels with such
velocity, that the echo is blended with the
original sound ; and the two produce but
one impression on the air. ‘

Sound travels 13 miles in a minute; and no perfect echo is
heard, unless the surface (against which the sound strikes) is 65
feet from the place, whence the sound originally proceeded.

Q. Why do very LARGE buildings (as cathe-
drals), often REVERBERATE tlte voice of the speaker ?

A. Because the walls are so far of
from the speaker, that the echo does not
get back in time to blend with the original
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sound ; and, therefore, each is heard
separately.

Q. Why do soME echoes repeat only ONE
syllable ?

A. Because the echoing body is very
near. The further the echoing body is
off, the more syllables it will reflect :  If,
therefore, it be very mear, it will repeat
but one syllable.

Q. Why does an EoniO sometimes repeat TWO
or more syllables ?

A. Because the echoing body is far
off ; and there is time for one reflection
to pass away, before another reaches the
ear.

N.B. All the syllables must be uffered, before the echo of the
first syllable reaches the ear—If, therefore, a person repeats 7
syllables in 2 seconds of time, and hears them a/l echoed, the
reflecting object is 1142 feet distant ; (because sound travels 1142
feet in a segnd, and the words take one second to go fo the
reflecting object, and one second to refurn).

Q. Why are TWwo or more ECHOES sometimes
heard ?

A. Because separate reverberating
surfaces receive the sound, and reflect
1t In succession.

17 miles above Glasgow (Scotland) near a mansion called Ros-
neath, is a very remarkable echo. If a trumpeter plays a tune,

Pa?l
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the echo will begin the same tane and repeat it all accurately :—
a8 soon as this echo has ceased, anotker will echo the same tune in
a lower tone; and after the second echo has ceased, a Zhird will
succeed with equal fidelity, though in a much feebler tone.

At the Lake of Killarney in IRELAND, there is an echo, which
plays an excellent “second” to any simple tune played on a bugle.

Q. Why do WINDOWS RATTLE when CARTS
pass by a house ?

A. 1st—Because glass is sonorous ;
and +he air communicates its vibrations
to the glass, which echoes the same
sound : and

2ndly—The window-frame being sha-
ken, contribute to the noise. '

Window frames are shaken, 1.—By sound-waves impinging
against them ; 2.—By a vibratory motion communicated to them
by the walls of the house.

CHAPTER XXIV.

ap——

MISCELLANEOTUS.

Q. Why do the BUBBLES in a CUP of TEA
range round the S1DES of the cup?

A. Because the cup attracts them.
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Q. Why do all the LITILE BUBBLES tend
towards the LARGE ones ?

A. Because the large bubbles (being
the superior masses) attract them.

Q. Why do the BUBBLEs of @ CUP OF TEA
FOLLOW @ TEA-SPOON ? :

A. Because the tea-spoon attracts
them.

Q. Why are the sipxs of a pond coversd with
LEAVES, while the MIDDLE of the pond is quite
CLEAR?

A. Because the shore attracts the
leaves to itself.

If there be any wind stirring it will drive floating bodies to one
side, independently of this attractive force.

Q.  Why do all fruits, dc. (when severed from
the tree) FALL fo the EARTH ?

A. Because the earth attracts them.

Q. Why do persons (who water PLANTs) very
often pouy the water into the SAUCER, and not over
the PLANTS?

A. Because the water in the saucer
is drawn up by the mould (through the
hole at the bottom of the flower.pot)
and transferred through the root to the
stem and leaves of the plant by capiLLaRy
ATTRACTION. (See p. 76.)

Pa3j
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Q. Why is vegetation on the MARGIN of a
RIVER Mmore LUXURIANT, than in an open FIELD ?

A. Because the porous earth on the
bank draws up water to the roots of the
plants by CAPILLARY ATTRACTION.

Q. Why is a LuMP of suGaRr (left at the
bottom of a cup) so LONG in MELTING ?

A. Because (as it melts) it makes the
tea around it heavier ; and (so long as it
remains at the bottom) is surrounded by
tea fully saturated with sugar; in con-
sequence of which, the same portions of
liquid will hold no more sugar in solution.

Q. Why does a LUMP of S8UGAR MELT more
QUICKLY, when STIRRED ABOUT ?

A. Because fresh portions of unsatu-
rated tea come in contact with the lump,
and soon dissolve it.

Q. Why does a PIECE OF suGAR<Sheld in a
spoon at the TOP of our tea) melt very RAPIDLY ?

A. Because, as the tea becomes
sweetened, it descends to the bottom of the
cup by its own gravity ; -and fresh portions
of unsweetened tea are brought constantly
into contact with the sugar, till the Jump
is entirely dissolved.
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Q. How can a sicE RooM be kept FREE from
unhealthy FFFLUVIA?

A. By sprinkling it with a solution
of chloride of lime.

Q. Whyis CHLORIDE of LIME used to fumigate
a sick room ?

A. Because the chlorine absorbs the
noxtous gases of the confined air ; and by
this means removes both the offsnsive
smell, and the infection of a sick room.

Q.  Why does LIME destroy the offensive smells
of BINS, SEWERS, dc. ?

A. Because it decomposes the offen-
sive gases upon which the smell depends,
and destroys them, by chemical union.

Q. How can the TAINT of MEAT be removed ?

A. Either by washing with pyroLIG-
NEOUS ACID,—or by covering the meat
for afewhours with common cHARCOAL,—
or by putting a few lumps of charcoal
into the water in which it was boiled.

Q. Why do these things DESTROY the TAINT
of meat ? '

A. Because they combine with the
putrescent particles, and neutralize their
offensive taste and smell.
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Q. Why should BED-ROOMS, COTTAGES, Ho8-
PITALS, and STABLES, be washed occasionally with
LIME-WHITE ?

A. Because lime s very caustic, and
removes all organic matters adhering to
the walls.

Q.  Why is & DEAD man TALLER than a living
one ?

A.. Because at death the cARTILAGES
are relaxed. So, also, after a night’s
rest, a man 1s taller than when he went
to bed.

Q. What i3 sLEEP ?

A. Sleep is the rest of the brain, and
the sensitive and motor parts of the
nervous system.

“Motor” (from the Latin moveo to move) those parts which
are connected with animal motion.

Q. Why do we not sEE, when we gre asleep
with our EYES OPEN?

A. Because the “ RET'INA of the eye”
is inactive and at rest. (See p. 406.)

Q. Why do we not HEAR in sleep P

A. Because the nerve of hearing
(seated within the TyMPANUM of the ear)
18 at rest.
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Q.  Why do we not TASTE, when we are asleep ?

A. Because the nerves at the end of
the tongue (called papille) are inactive
and at rest.

Q. Why do we not FEEL, when we are asleep ?
" A. Because the ends of the nerves
(called papille) situated in the skin, are
inactive and at rest.

o

Some of the phenomena of dreaming seem to show that the
functions of the organs of sense are performed. It is the power
of perception rather that is dormant.

Q. Why have persons in sleep mo WILL of
their own, but may be moved at the will of ANY one ?

A. Because the entire nervous system,
upon some of whose functions the exercise
of will depends, is tnactive and at rest.

Q. Why has a DREAMER no power of JUDG-
MENT O REASON ?

A. Because the parts of the brain
concerned in the performance of these
functions are inactive and at rest.

Q. Why does a person ¥EEL, when he is
TOUCHED ?

A. Because the ends of certain nerves
which terminate in the skin, are ezcited ;
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and this produces a nervous sensation,
called FEELING. ‘
The terminations of the nerves mentioned are called “ Papille.”

Q. Why are persons able to TASTE DIFFERENT
FLAVOURS ?

A. Because the “papiLnz” of the
tongue and palate are excited, when food
touches them; and this produces a
nerveus sensation, called TASTE.

Q.  What is the use of Saliva ?

A.  1st—It mixes mechanically with
our food, reducing it to a soft pulpy
state : and

2ndly—It has certain chemical pro-
perties, which greatly assist digestion.

Q. Why does the savour of delicious food
make the MouTH of a hungry man WATER?

A. Because the salivary glands are
excited by the savour of the food.

This is a wise provision of God, who thus excites the flow of
saliva by the odour of the food, before it is needful to masticate
and swallow it.

Q. Why is SALIVA FROTHY ?

A. Because it contains air, in order
that it may introduce oxygen into the
stomach.



APPENDIX OF MISCELLANEOUS QUESTIONS

For the ingenious reader fo solve,

The figures refer to the page, where some cognate question may be found.

1. Wh{ does abundance of dew in the morning indicate that
the day will be fine? p. 211. :
2. Why does an oar in water appear bent ? p. 404.

3. If a piece of brown paper be submitted to the action of a
burning-glass, it will catch fire much sooner than a piece of white
paper would: Why so? p.195.

4. Why does a blue dress appear green by candle-light Pp. 47.

5. Why does the sun look red in a fog? p. 145.

6. An ink-spot on linen is first black, why does it afterwards
turn yellow? p. 419,

7.  Why is 1t dangerous, to row a boat under a bridge P

8. Why doee a candle flicker, especially just previous to its
being burnt out?  pp. 80.

9. If the* copper” (or boiler) attached to a kitchen range, be
filled with cold water after the fire has been lighted some time, it
will very often burst:  Why? pp. 126, 127.

10. Why do all things appear black in the dark? p. 418.

11. Why are the flag-stones of our streets frequently loosened
after a frost 7 p. 307.

12. Why is a room warmer, when the window curtains are
drawnP pp 182, 183.

18. hy are rooms much warmer for being furnished with
double doors apd windows, like Kensineton Palace P pnp. 182, 183.

14. 'Why 1s loose clothing warmer, than that which fits close?

. 183.

? 15.1 ‘Why does wetling a cornelian make it more /ransparent 7
. 421,

s 16. Why does painfing iron prevent it from rusting 7 p. 259.

17. Why is a dull fire revived by sweeping clean the hobs,
bars, ash-grate, &ec. of the stove? pp. 52, 53.

18. Why does sfirring a dull fire serve to quicken it? pp. 52, 58.

19. Why does soapy water “ lather P p. 365.

20. Why is well-made éread full of holes or eyes ?  p. 288,

21. Why do the sails of & wind-mill turn round P p. 118,

22. 1If you strike a finger-glass, why is the sound silenced by
touching the glass with your finger? p. 426.

23.  'Why does a wef sponge clean a shate? p. 862.
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24. Why do sfars twinkle more than usual, just previous to
rain? p. 421,

25. %Vhy does milk boil over, more readily than water P p. 365,

26. If a picture be glazed, you cannot see it in certain positions
—Why not'f ». 396.

27.  Dust very rarely flies by night—Why so P pp. 227,

28. Why does the cork of a soda-water bottle make a loud re-
port, when drawn ?  p. 108.

29. Why does the cork of a soda-water bottle fly off, as soon
as it has been released from the bond which held it in P p. 277.

30. Why do our hands and lips chap in frosty and windy
weather P p. 333.

31. When a black subsoil is dug or ploughed up, it turns of &
reddish &rown after a short time—Why is this? pp. 260.

82." Why are decaying vegetables always wet? p. 284.

33. If a house be faced with stucco to resemble stone, why does
the facing very often flake off’ in winter, and leave the house un-
sightly P~ p. 375.

34. Why do the luslres of a chandelier seem tinted with such
various and beautiful colours 2 p. 411.

85. Hornis fransparent, why are not horn shavings transparent
also P p. 416.

36. %Vheu a glazier is mending a window, and cleans the pane
with his brush, why do the loose pieces of putty (on the opposite
side of the window-pane) dance up and down? p. 293.

87. When you rub a piece of paper with Indian rubber, why is
it sticky 2 p. 29.

88. Ifyou dry a piece of common brown paper by the fire, and
draw it once or twice between your two knees, why will it stick fast
to the wall?  p. 29.

89. Why can persons be keard (in a calm day! at a greafer
distance on the seq, than on land ?  p. 430.

40. The keight of mouniains may be ascertained by a barom-
efer : Explain the reason of this. p. 336.

41. How does starch assist in giving a smooth glazed surface
to linen? p. 421. )

42. If a drop of wafer be spilt on a table clotk, why will it
spread in all directionsP pp. 76.

43. Why does saif preserve meat? p. 438.

44. Why does melted waz become kard, when cold? p. 169.

45. Why does paint often &lister from heat ? p. 875.

46. Why are rotting leaves hot ? ’pp. 58, 288.

47. Why are rolfing leaves damp ¥ p. 283.
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49. Why are plants white, which are kept in the dark P p. 420.,

50. Why does 0i/ become ¢hick in winter-time ?

51. Why does a pop-gun make a loud report, when the paper
bullet is discharged zom it? p. 107.

5121.6 ‘Why does sfcam make tlfe engine of a locomotive whistle 7
p. 116,

63. Why will bright iron lose its polish, by being put into a
Jire? pp. 258.
54 %hy does sound seem louder in caves, than on a plain P
. 431

" 65. Why does paint preserve wood ?

56. Why does mother ogpcarl shew 8o many colours ?

57. 'Why can you fill a dry glass beyond the level of the brim P
p. 436, 437.

58. If you leave a little tea in your cup, and put your wpoon in,
why does the Zea rusk to the spoon ? {z 436.

5298.7 ‘When liguor is poured from a bottle, why does it gurgle ?
P 60. Why will lucifer matches ignite by merely drawing them
across any rough surface ? pp. 104, 298.

61. Why will they #sof ignite, if they are damp ? p. 45.

62. When our likeness is reflected in a looking glass, the entire
image is reversed, our right cheek is the lef? cheek of the reflection ;
if we lift our right arm, the reflection moves the lgf? arm, and vice
versa. Why is this? p. 388.

63. A silver tea spoon becomes more heafed by hot tea, than
one of inferior metal (as Germansilver, Nickell, &e. ) Why 7 p.172.

64. If you scrape a slip of paper with a knife, why will the
paper curl g
. (35. :Vhy does the sfopple of a decanter stick fast, if it be put
in dam °

66. ? Why does the s¢ of a emelling bottle often stick {a&t ?

67. Decaying vegetables are first of a brownish tint, why do
they afterwards turn of a deep black ?

68. Why is an oak struck by lightning more frequently than
any other tree P

69. Why does a lobster, which is black while alive, turn red
by being boiled ?

70. "Why does a shrimp, which is nearly white while alive, turn
red by being boiled P

71. Why is the skadow of the moon stronger, than the shadow
of the sun P

72. Why does karshorn take out the red spot in cloth, pro-
duced by sulphuric or any other acid P

qea
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78.  'Why will powdered sulphur quench fire, more rapidly than
waterP

74. How does sfarch serve to stiffen linen P

76.  Why should lightning-conductors be pointed ?

76. Why do bricks turn green, after they have been exposed to
the weather P

77. When potatoes are boiled, why are those at the fop of the
boiler cooked sooner, than those neurer to the fire?

78. 1If a silver spoon, which has been farnished by an egg, be
rubbed with a little sal, why will the tarnish disappear.

79. Why are books discoloured by age or damp ?

80. Why does sour milk curdle?

81. Why does churning milk, convert it into butter ®

82. Wby does the sun or fire warp wood 7

88.¢ Why does the sun fade artificial colours ?

64. When a knife is sharpened on a grind-stone, why is ofl or
water used P

85. Why does bread become mouldy, after it has been kept a
few days P

861 1)Why does meat putrefy sooner in kof damp weather, than
io cold

87. Birds, after they are killed, keep longer in their feathers,
than when they are plucked; Why is this ?

88. Why do plants, which are kept in a window, dend to the
glass ?

89, Why does Indian-rubber erase pencil marks from paper P

90. Why does waler rot wood?

9l 7Why does waler make a kissing noise, when it is poured
on fire

92. Why will kot iron bend more easily than cold ?

93. Why does iron turn first red and then wkife from keat ?

94. Why does Aot water freeze more guickly than cold ?

98. Why does waler freeze more quickly than milk ?

96. Why are glue, gum, starch, and paste adhesive ?

97. Why does arailway ¢rain make more noise, when it passes
over a bridge or meadow, than when it runs over solid ground ?

98. Why does milk boil more quickly than waterP

99. Why will milk burn more readily than water P

100. Why is it impossible to wréfe on greasy paper P

10).  Why does rain ““ bring down the cold”?

102. Why does furpentine take out grease spots from cloth P

103. Why does oxalic acid take out ink spots P

104. Why does wazing cotton or thread make it stronger ?

105. Why is a stick made flezible by boiling it P

106. Why does manure make land fertile ?



INDEX.

PAGE.

ABsORBERS of heat. ...
bad, bright metal
conductors ..
iron
light colors ..
Lisle thread
reflectors ....
stone ......
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affected by rotation
of earth ...... 807
always in motiorf?. 308
ascendswheu hot.. 301
bad conductor 184, 243
,y radiator ..... . 228
cause of its weight 336
city, unhealthy 248, 272
cold ........ 184,830
colder than blood 188
composed of 2 gases 244
condensed by cold 3801
cooled by convection226
cooled by rain .... 166
cools hot iron .... 238
country healthy248,271
density dimn. by rain 354
descends when cold 301
dries linen .....,., 168
dry, deunse ...... 153
dryer before noon 156
summer 156
elements of ...... 244
expanded by heat 107
full of smells .... 157
gets fireup ...... 51
healthful ........ 271
heated ...... 246, 362
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A1R (continued) PAGE. PAGE.
heated notbythesun302 ALE stale .......... 286
hot in sunshine ,, 253 Alkali .............. 46
inaroom ....., 303 Ammonia .........., 284
inflammeable ..., 294 Anemometer ........ 331
(see hydrogen.) Anglers hate a magpie 159
invisible ....... . 255 Angle of incidence .... 887
land, coldest 231 reflection .... 887
» at night ....,, 283 Anhydrous sugar .... 280
needful for fire.... 62 Animalfluidsconductors 14
non-conductor ..., 13 ANIMAL HEAT .... 85, 289

preserved normal,. 250
purified by lightning 28
radiates no heat ., 225
rarefied ascends .. 801

. bad condue-
tor of sound432
. by a crowd 267
» brings rain 355
s noiseless ., 153
rusts iron 258
still before a tempest153
2 currents in rooms 803
uniform at night .. 431
use of oxygenin .. 245
varies .......... 837
sy in temperature$52
vitiated by a crowd 268
weight of, cause.. 336
Air-pump freezes water 876
ArsrLEsfamousfor echoes 438
colder thangalleries255
ALcomnoi,elementsof ., 279
from sugar ,, 280
boiling point of 122
cerisesaainses 112
bottled ........ 278
flat ............ 286
frothof ........ 278
sy increased by heat 112

......

ALg

from combustion &7
life dependent., 251
Animals forebode rain.. 154
Ants love honey dew .. 228
Appetite, see hunger.
ArpLEs full of air .... 109
roasted ,,...., 108
s0ft v..... «os. 109
ArRIL showers ....., 823
winds ,....... 817
Aqua fortis ........,, 488
Argand lamps........ 84
Armour safe in a storm 21
Arnott's stoves smoke., 69
smell of sulphur 57
Ascent in balloons pain 151
Ashes soften water.... 362
Asses bray in wet ‘weather 154
Atmosphere, (see air) 818
August winds ..., 817, 818
AURORA BOREALIS., .. 148
cause of ...... 149
coloured .,.. 148
sounds of .... 149
white ... ..., 148
Autumn tints ........ 420
Avenues ............ 308
Averno, lake of .,.,.. 270
Azote, see nitrogen.
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Bales spontaneously ignite 58
BaLLOONS cause pain.., 152
inflated .... 112

rise .. 112

Balls of fire ..1e.... @
Balusters wet o, «..... 223
Banisters, see balusters.
Barley malted ..... ove
BAROMETER ..ecoeee
affected by cold ..
frost ..

heat ..

sudden changes
thunder

thaw ,, 331

wind .. 339

differs from ther-
mometer ....
inventorof ..., 346

fallof ........ 348
flactuating .... 347

high in April .. 846
August,, 346

diy air .. 839

fine wthr. 341

June.... 346

May .... 346

®  N.E.wind 837
September 346

snow,..,, 342

low in January,. 346
December 3:6

February 346

July.... 846

moist air 340

November 346

October 346

rain .... 840

cese s

281
834
345
337
345
347
341
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BAROMETER (continued) gaan
low in S. wind.. 838
thaw.... 338

torrid zone346

W. wind 338

warm air 340

riseof ...... 848

rises in fine wthr 342

rules. for .... 848

signs of falling 848

rising 343

sinksinfoul wthr 342
suddenchange of 347
unsettled ®... 848

use of ..... . 835

a weather glass336

to msure.hghts 835

to sailors.... 837

varies most .. 845
least.... 345

when highest 3486

lowest .. 346

Barren land dewless .. 216
Bass notes in music 418, 429

cause of ...... 418
vibrations to .... 420
preserves flowers 213

resemble scarlet,, 419
Baruina, danger of .. 405
prom. health 69

with ether for
inflammation 168
Beakers broken by heat 128
BEags cold in winter.. 97
live without food 98
arctic, most hair 183
Beasts covered with hair 182
Beating iron makes ithot 99
Beds damp ...........164
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PAGE.

BEER, bottled frothy .. 278

fermentation of 279

flat .......... 286

frothed by heat 112

stale ........ 286

BOUT ¢ enennn, « 280

soured by lightning27

,, notoldbeer 27
spoiled,ifthe vent-

peg be left out 286

yeast ferments.., 282

Beer-vats dangerous .. 274

BELLsheprdatadxstance 430

not in a fog 429

crackedsoundharsh 427

ringing dangerous 17

silenced by a touch 427

metal of 427

Bellows .....c. ...,

--------

Bible explnined 181,218, 350
Bi-carbonate of lime., 291
Bins purified by lime,, 291
BIrps feathered .... 188

hot blooded .... 97

small, most down 183
419
194
195

cloth warm ....
colour warm ..
cause of 419
€ye8  ceeeee.. 199
glass forspectacles424
hat red atsea side 361
hole of Calcutta 2068

......

insonorous .... 419
kid gloves . 196
LEAD +e.se0.. 205

»» prevents rust 260

INDEX.

PAGE.
Brack mist  ........ 1560
skin ... . 197

,, will not blister 198
tea-pot ........ 208
» used by cotters 204
,, set ona hob 205
WAIm ........ 195
61
none to steamers 61
Blacksmiths strike fire
by nails .......... 100
Bladders inflated ,, 107,801
BrazE, blue ........ 47
between the bars 46
burns up coals 40

yellow ........ 47
Broop ceeene 247, 266
purple ceeneees 248

vereee 247 249
s&ansfromwounds 86
lowm 70

ssesv s

‘Blowing cools food 186, 329

tinder........ 101
BLUE «.vovvnvenen.. 442
cause of ....418, 424
resembles treble 418
SKY ceivenuese .. 146
spectacles ..c.,., 423
sublimate ...... 488
Broad cloth warmest .. 183
Boby dead, smells .... 207
fuelof ........ 89
warm .... 87, 89, 289
Boiler, (see saucepan)
BOILING «..cvveaes.. 288
WATER bubbles,. 117
farrof .... 264
heat fixed .. 241
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Boirixg (continued)

WATER makes it flat 287
isin a ferment239
kept hot.... 208
rattles ..., 119
runs over ., 118
swells...... 117
onepotinanother 120
retarded by salt 121
spoon 120
sugar 121

without tonching

the boiler .. 121

point ........ 122

Bones white ........ 420
Boots hot when dusty .. 201
Borers hot from use .., 105
Bottled ale, &c¢. ...... 278

Brackish water unfit for

railway engines ., .
Bracing weather ..., 153
Bradawls hot from use 105
Breapburntpurifies water78

265

heavy ........ 289

made with yeast 287
Breakers ....v0000e.. 320
BrEATH exhaled ..., 240
inhaled ., .... 247

viftble in winter 224

Breathing described .. 250
difficult on mounts. 256
previous to a storm 256

BREEZE at seaside.,.. 827

evening ...,.. 326
» unhealthy 327
land cool .... 328
morning .... 826
»»  healthy 827
of islands .. .. 326
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PAGE.

BREEZE sea cool .... 827
speed of .... 3381

(see wind.)

Brewing ....... ceees 282
Bricks for cold feet.... 179
Brick stoves ........ 181

Bricklayers, frostretards 375
cover with straw 376

Bright day exhilarating 150
metal bad radiator 209
Brilliancy......ouvuen. 381
BRINE retards boiling 121
tested .....®.. 877
BrrraIn cloudy ...... 181
grows warmer 166

BrorH cooled by breath 254
,y convection 204

, stirring .. 254

BuBBLEs in tea ...... 436
ofboiling water 117

Burns cured ........ 163
Burntbread purifies water 78
stick twisted .... 421
Burning glasses ...... 2,3

Calcining  ..ecvevu.. 292
Calcutta, black hole of 268
Calcareotus ..eeeeeees 201
Calico oiled transparent 416
Calms ..ocvevnnnnn. . 314
Caloric  ...vvaeenes 1
Cambric hndkrchfs. cool 191
Cambridge, rain of .... 858
CANDLES .uceecasee 70
burn  .e.ceeee.ee 78
composite notsnuffed 83
COTPSE vavevessss 208
cotton,hard to blowout80
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OaxDpLES (continued)  rpace
burn blue........ 15
easily blown out 52, 79

,, rekindled .. 53
extinguished .... 81
» by breath 79

paper B8l
FLAME described . 77
s hot ...... 76

,, hollow .... 77

5 luminous,, 73

,» makesgl.wet 79

P pointed .... 79

» produces light 77

» purple below 79

» tends upwds. 79

» Yyellow .... 47
aasof .. 80, 204

held at & door .. 304
hottestabove the lame80
give light ...... 77
make glass damp 79
need snuffing .... 83
Palmer’s not snuffed 82
prevent seeing a rd. 396
reflected in awindow 396
rekindled quickly 43
rush, easily go out 80

shadow cast by .. 397
smoke of ........ 83
Spirt .oveveeen... 161

sudden lightpainful 382
used by miners .. 267
wax, not snuffed .. 83
CaNnxonN balls hot .... 108
boring 104
Canvass flower awning 213
CAPILLARY svvvvuenns T8
attraction.c.eeeeee. 76

INDEX.

CAPILLARY (continued) pacs
attraction of earth.. 437

» sponge 70
. thread 191
' wicks .. 191
combustion ........ 86
vessels ..., .. ve.. 85

» pervade body 86
Captain Ross ,..... . 426
Capuchin............ 357
CARBON ........ 35,86, 75

in the blood .. 266
Carbonate of ammonia 480
lime.... 480

CARBONIC ACID GAS .. 208

absorbed by leaves 251

chokes ... 203

cause of heat .... 290

deleterious ...... 266

detected ...... .. 2067

dissipated byred heat276

’ water 275

in human bodies 86
of the soil ...... 251
water ...eese . 201

sources of ..... . 275

CARBRTD. HYDRO. GAS 203

how procured 293
Carpenters’ tools ot .. 104
Carpets warm ........ 178
CARRIAGE, in a storm.. 20
wheels catch fire 103
windows misty 220

Casks charred..... oo 73
Cart grease .... «....
Cathedral aisles famous
for echoes ........ 433
Cars in wet weather .. 156
prowl by night .. 884

.......



INDEX.

PAGE
CaTs see in the dark .. 384
wink before a fire 384
CaTTLE lowin wet weather 154
struck by lightning 19
CavusTic lime ........ 439

lanar........ 488
Cavernsfamed forechoes 433
Ceilings sooty «eoc.. .. 71

CELLARS cold in suramer 258

warm in winter 257
Cerebellum ...000ue.. 440
Cerebrum...ceeveeess 441
Chalk ....eveveves.. 488
Champagne acid .... 278
CHARCOAL +cuvvvenn . 72

bad conductor 172

FIRE very hot 72
,y deleterious 274

purifies water 73

removes taint 72
CHARRING bread...... 74
casks...... 78
wood...... 74

CHEMICAL ACTION .... 82

developes heat 2
CrEsNUTS roasted erack 107
not if slit 108
Children flot blooded .. 97
CHIMNEY draught, ca.useof 64
factory, long.. 64
flues of long 68, 64
» short 04

raised above a
house .... 638, 61

POTS ceescncnsses 170
BMOKY cvevsnvacsss 62
in close rooms 62
remedy .... 63
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CHIMNEY (continued)

draughtslack 84,73
door misplaced 68

remedy .. 68
flue toolong 61, 113

» short .... 64

remedy .. 65
need repairing 68

» -Sweeping 08
of old homstds. 69

two fires .... 65

remedy .. 66
valleys ...... 67
vestries ?... 66

remedy .. 67

wind .... 70,114

China broken by water 128
Chloride of lime ...... 429
Chlorophyll .. ..... 420
Choke damp ........ 273
CHURCH bells bheard153, 428
congregation drowsy 270
yards smell ...... 207
Chyle ..... ceeeeaaes R47
Chyme «.ceveeeeoss 247
Cider acid .... «us.. 278
CINDERS, iton  ...... 44
lighter than coals 44

soon heated.. 44

will not blaze 49
Cirro-cUMULUS clouds 140
forebode drought140

how produced.. 140
CIRRO-sTRATUS clouds 141
forebodechangel40

how produced 140

Cirrus clouds ...... 187
foretell fine weather 138

how produced .... 189

Qa 3
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race CLouDs (continued) PAGE

Citizens pale ........ 248

Citric acid ..o v..... 488

City air unhealthy .... 272

Clark’s patent blower .. 52

Clay for furnace doors.. 181

Clean kettles ........ 103
CLEANLINESS connected

with the dietary .... 90

sy POVEILY seeeee o 96

CLEAR day overcast.... 320

fire burns slowly .. 40

nights exhilarating 151

CLimMaTE 'varies ..... . 304

from forests.. 167

,» land.... 803

,» Mmountains 305

» 8e& .... 805

5 8oil .... 305

, trees .. 167

Clocks heard distant .. 430

not in a mist 431

Close rooms unhealthy 268

Cloth collects no dew .. 215

CLoTHES black, warm 191

coarse not ditto .. 190

damp in summer 217

fine cloth warm .. 190

loose, warmest .. 183

silk «..vliiaa.. . 191

WAITD  ioeconnn. 182

want of, causes dirt H6

wet dangerous .... 164

white, cold ...... 194

,» from sea spray 170

» noton wet days 170

workmen's ...... 170

Cloudiest countries .. 132

CLouDS ..ievveeeess 130

absorbed by wind 134
affect the wind .. 810
causeof ..... .o 1381
cirro-cumulus .... 140
cirro-stratus ..., 141
cirrus ...veenaa. 187
classes of ...... 137
colour of .... 184,135
compound ...... 140
cumulo stratus.... 141
cumulus ,.... .. 188
differ from fog 130, 234
dissipated.... 134, 143
distance from earth 132
edgesmostluminous417
electrical ........ 133
electricity moves.. 137
fall in rainy weather 354

fantastic ..... ... 138
float . oooun. veess 130
gather round hills 142
height of ...... 5, 182
highest ........ 132

highestin a fine day 132
increased by wind 184
intermediate .... 139
light..ooviagoel 128
Jowest ....000n.e 132

morning red..... . 185
motion of ........ 136
nimbus  ........ 141

foretell weather 138, 111
rain indicated by.. 141
polar currents affect 318
Ted Loiieaes e 1835
round mountain topsl142
simple «.eevee. .. 137
size of ........00 132
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Croups (continued) PAGE PAGE

stratus .... ... ... 138 Coup water contains heat 33
sun-set  ......e. 143 Colder some things than

thickness of...... 133 others ........vu.. 171

,» how ascertained133 Colds from wet clothes 164

thunder ........ Collapsing .109, 302

vary in shape 133, 813 CoLoURS .......... .. 410

,, in colour 136, 813 accidental .. 424

where mostabundant132

s least s 132
use of .ovveuiennn 142
velocity of ..... . 381
white ....... . 419

wind affects .. 131, 134
yellow ...... 143, 144
,, indicate wet 144

Cloudy night warmn .... 211
no dew ... 211

oppressive 150

Coar black .......... 419
blazing ........ 40

for fuel ........ 41

GAS 75, 204

grotesque figures of 42

mines explode.... 294
smoke .......... 41
wetted when dusty 55
COEKE ..@.v0vcnenen Y
for fuel .......... 44

spontaneously ignites 58
Covrp affects barometer 336
condenses air.... 30!
colours 195
makes us love fat 92

s activity 94
mountains ...... 202

out of doors .... 830
promotes hunger 03

, sound 430

418
419
418
195

akin to sound
black ......
blue ....oun
dark, warm ..
green .. ... 420
light, cold .. 195
of clouds 134, 135

,» electricity 80

red ..o 418

VATY ciiun s 417

white ...... 419

yellow ,..... 419
Combining not mixing 26
COMBUSTION (see fire) 85
animal ........ 87

cause of ...... 38

chemistry of 35, 39
from fermentation 58

elements of . 38
heatof ..... 35
mcreasedby wmd 52
in the veins 86
produces light.. 48
spontaneous .. b7

CoMMUNICATION of HEAT 171
Composite candles not

snuffed .......... 88
Compound clouds .. .. 140
COMPRESSION ...... 105

not condensation 105
CONDENSATION ...... 105
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Condensed air ...... 301

CONDUCTION +vvseees 171

not absorption 192

CONDUCTORS, best .... 172

worst 172

animal fluids 14

not absorbers192

of lightning 22

, dangerous 24

CONVECTON ......220, 238

Convective currents 252, 302

cool broth 254

,» iron 253
Cooking vessels with

wooden handles ... 178

Cooper applies hothoops 125

CorrER for conductors 23,172

(&

sonorous ...... 426
tarnishes ...... 261
-HOLE draws .. 6]

roars ..., 62

» Dot with open
door voiievena. 62
Cork driven out by heat 112
Cornea....covvvennee 406
Corns ache before rain 257
CorpsE candles ...... 208
cold ........ 98
smell 297
Corrosive sublimates .. 488
CorroxN bales catch fire
sponteneously 58
candles....o0ne
handkerchiefs hot 191
oiled transparent 421
shirts warm .. 190
woolbad conductor191
Count Rumford ...... 191

INDEX.

PAGE

CoUNTRIES most cloudy 182
least cloudy 132

Country air healthy 248,270
CoUNTRYMENenjoyhealth271
ruddy .. 248

Cowls «vvvvevennnes. 67
Crowps bad in storms 18
cause drowsiness 270

,, head-ache 267

vitiate air .... 2067
unhealthy .... 268
Crucibles of platinum.. 263
CULINARY vessels ..., 208
have wooden handles 173
should be sooty .... 208
Cultivation promotes dew 216
5, warmth 167
CuMuLo-stratus clouds 141
forbode change 141
Cumvuirus clouds...... 188
forbode fine weather 138

, Tain ........ 138
how produced .... 139
Curinapie .....v.. 128
useof ........ 124

why full of juice 124
Currents of air.. ¢v.... 802

DaMp balusters ...... 223
beds ...0vuv... 164
clothes ........ 218
hous€..saeeunes 223

Dancing of objects after

rain .....0.. .. .. 156
Dandelion bodes rain.. 157
DANGER in a storm .. 12

from barring shutters 18
bellsevsnaass
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DANGER (continued)  PAGE

carriages .... 20
crowds...... 19
fire-place .... 19
from flocks ........ 19
herds ...... 19
rings ...... 22
rivers ...... 14

steeples .... 14
theatres .... 15
treeS.eeeese. 13

walls ...... 17
watches 22
Dark colours warm .. 195

radiate heat 204

Darkness from 2 lights 421
Davy SirH....... vee. R95
DAYLIGHT breeds bunger 91
mitigates cold 91

Dazzling ......... oe. 417
DEeaDp bodies cold .... 98
smell.... 297
taller, &c. 440
Deafness ........ eee. 482

Deal snaps in a fire .. 110
DEecaxtiNG liquor.... 287
spirts 287

Decembem winds...... 817
Decomposition 284
Deep water freezes slowly 372
Depression of spirits .. 150
Descent in a diving bell 152
Deserts hot and dazzling 417
Detonating powder .... 108
DEW.....oovvvenenes 210
cause of ........ 233
deleterious ...... 227
differs from mist.. 228
rain .. 238

457
Dew (continued) PAGE
distilled after—

fine nights 211

heat . 225

west winds 225

on clothes .... 218
cultivated land 217
grasS..eeeeee 216
hairs........ 224

hat ...... .. 224
hollows...... 214
leaves ...... 215
open fieldg .. 212
valleys .....- 214

not in cloudy nights 211
» east winds . 224
s winds...... 214
, on barren lands 217
» cloth ..v0ee 215
» deserts .... 216
» gravel...... 216
9 metal ...... 216
. rocks «.vune 215
” stoues .... 215
s wool ...... 218
under awnings .. 218
» hedges .... 212
s trees ...... 212
. walls ...... 212
Dew-pROP round .... 229
flattened .. .... 220

280
230

94
899
209

96
428
430

roll on cabbages
T0S€S ...... ..
Digestion.......cuu0e
Diminishing glasses ..
Dinner covers btight ..
Dirt warm ..... %00
DisTANT bells heai'é “ae
clocks cocovvan
Ra
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DisTaNT—(continued) PAGE

objects small 399, 400

,, avisible . 401

sight ...... 407, 409

, spectacles for 408

Di1sTANCE lessens .... 399

makes invisible 403

Distilled vinegar..... . 488

Divers suffer pain .... 152

Diving bells cause pain 152

Dormice cold in winter 97

live without food 98

Doors, Araught of .. .. 332

shrink from dry 157

swell from wet.. 157

Dogs in wet weather .. 156

Dovueu fermented .... 288

set by a fire torise 288

Double concave glasses 407

convex glasses 408

DowN warm......... . 183

bad conductor.. 191

Drained lands warm .. 167

DravGHT at a door.... 832
blows a flame

outwards.. 303

inwards .. 804

of a chimney 60, 64

key hole.. 831

window .. 832

slack .... ..60, 64

Dreams .........,.. 441

Drinking water ...... 291

Dropsofdew rollon leaves230

round 229

shape varies . 229

of rain roll on dust 230

round .... 258

size varies . 854

INDEX.

PAGR
Drowned men restored 108
Drowsiness at church.. 270
Drums.... ........ 428
Dxy wood for kindling. 45
5 burns best .. 111

» snaps about . 111
Driest months...... .. 3486
Dublin, rain of ...... 358
Duck dry in water .. .. 230
noisy before rain 155

Dull surfacesradiate heat 204

Dullness ........ 381, 417
Dunghills hot ........ 290
Dusry shoes hot...... 201

coals wetted.... 59

Ear trumpets
EarTH, bad conductor .
cool after sun-set .

, in a fine night

5 1in summer ..
covered with dew
cracks by frost ..
crumbles in spring
hardened by sun..
warm in winter ..
warmer by clay ..

fog .ooievnnen ..
Earthen tea-pots......
set onahobto draw
East-wIND cold ......
dry ...... .. 820

prevents dew . 224

EAT moreincold weather 93

210
188
210
374
347
169
188
210
228
205
205
319

less in warm Q38
too much makes fat 90
» s o« usill 80

ECHOES ...v0vv.. .. 433



INDEX. 459
PAGE  pygraND— (conlinued) PAGE
EcuoEs two or more .. 43 ., morning at wa-
remarkable .. 435

EFFECTS OF HEAT .. 2, 107
EFFERVESCENCE ..., 277
soon subsides 288
Effervescing draughts.. 277
Eca, component parts of 285
discolours silver .. 284
remedy....... . 284
smells offensively 285
testsbrine ... .0 877
Egypt not cloudy...... 132
Eider down warm .... 191
ELECTRICITY —
affects clonds .... 133
cause of thunder.. 3
colour of ...7.... 380
developes heat .. 3
excited by friction 29
felt at the elbows 30
hot ...... 29
moves clouds .... 136
odourof «.eeee.. 30
of clouds ......4,136
positive and negative 16
resinous &vitreous 4, 16
speegof ........ 11
Electric telegraph .... 31
ELeMENTs of air...... 85
alcobol.. 279
fuel .... 85
sugar .. 279
Emetic tartar .. v..... 480
ENGLAND—
grows Warmer.. ....
WINDS Of i eveanannn
,»eastcold......
T dry

sese e

167
317
819
820

cresee

tering places 376
WIND most prevalent 317
” north cold .. 320
» , dry.... 320
’ north east dry 322
’ south rainy .. 321
. ., warm .. 820
south-west rainy 322
west rainy .... 321
when highest.. 317
s lowesy .. 318
rainof ........ 308
(See March winds.)
Epsom salts ........
Esquimaux Jove blubber 94
Equatorisl current .. 312
rains...... 359
ETHER...c0cveeesroe 48
boiling point of .... 122
used for freezing.... 376
,, inflammation 168
,  scalds, burns 163
vapourized ........ 163
European skin white .. 188
EVAPORATION........ 162
freezes .. 876
of sea.... 809
EVENING breeze .. ... 320
cLoups.. 135, 148
5 grey .. 146
, red 185, 143
» Yyellow . 143
RAINBOW ., .. 147
Evergreens frost bitten . 236
Ewers broken by frost . 366
ExpaNsioN by HEAT 107,124
ExrrosioN of chestnuts 107
Ra3 '
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PAGRE PAGE
Exrroston of gunpowder108 | Fgpr cold before a fire 54
mines .. 204 wet dangerous .. 164
Extinguishers ...... 81 | FERMENTATION ...... 279

made of paper 81

Eygs affected by glasses 423

" fire light 423

» sudden 382

. sun.... 423

contracted by light 395

black 199

conform to light .. 383

cornea of....... . 406

negro’s dark...... 199

retina of ........ 406

two, use of ...... 385

see single........ 380
EXERCISE—

good for health .... 90

produces appetite .. 90

» warmth .... 90

want of produces fat 90

» sickness 90

..........

Face soon scorched ... 203
Faotory chimneys .... 64
Fanning ......00000. 185
Fam sight............ 408
cause of .... 408

»  spectacles for. 408
Farm houses smoke .. 69
Far from gross eating . 90
laziness .... 90

men swim best .. 372
pleasant in winter . 92

not in summer . 95

white ......... 419
Feathers warm ...... 183
Feeling .....0000... 441

a combustion . 58

not putrefaction 283

of beer ...... 279

, dough...... 288

)y BUGAT ou..ee 279

5y WiNE  44.... 279
requires water .... 285
Fender & fire irons cold 193
Fiddle strings musical 428
snap from wet 356

Files hot from use.... 104
FINE weather braces.. 153
indications of 145

Fingers cold when wet . 168
FIRE +ieevenveonces 35
air needful for.... 62
bellows, use of .. 52
black and red .... 40
blazes ....... ... 40

,, Dot in frost 49
blowers ........ 70
burns blue ...... 47
bursts thro' the bars 46
catise of «..one.. 88
charcoal ........ 78

” dangerous 273

clear ..........40, 50

damp ........ .. 293
differs from animal
heat ...... .ee. 88

dull, cause of .... 64
effect on eyes 384, 423
extinguished .... 55
5» by water 55, 111
flercest in winter 50
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Fire (conlinued) PAGE PAGE
fiercest out of doors Bl FrLaME of a candle.... 76
flame of ........ 46 described .... 77
gas generated by .. 87 blown out easily 79
grotesque figures in 42 damp ........ 79

heat’of cveveveon.. 289

,, how increased 50, 64
hot..eeeevessnaas 39
intensity, cause of 64
kindled at the bottom 44

lighted with paper 42

. wood . 42
light dazzles ...... 383
light variable .... 49
luminous ........ 47
melts metal ...... 129
mottled ..... ... 41

out of doors ...... 41
poker drawsup .. 53
radiates heat...... 203
redhot .......... 39
reflected on glass .. 396

two or three times 396

spotted ..... 3 |
sun dulls it .. .... 50
thaw dulls it...... 52

. wind"utenses it .. N2
yellow .......... 47
(Sce chimneys, combustion)
FIRE-irons cold....179, 193
hot v..ovv veueva. 193
TUSE cuvevnennero.s 209
most in winter 259
prevented .... 259
Fisugsascend ...... 879
cold blooded.. 98

dive Lee.. 880

seem nearer .., 405

Fixed air..cvveve..00 266

hollow ...vvvvs 77

hot .......... 76
bottest.above .. 80
luminous .... 78
pointed ...... 79
purple .o..... 79
smokes ....... 83

yellow ....%..., 47
Flannel warm ......... 181
on foot-warmers 179
Frasna (see lightning.)
Frarbeer, &c......... 286
irons .......... 162
sounds...... ... 429
Flavour discerned .... 441
Flax burns spontaneounsly 58
Flint & steel strike fire 100
Flocks in storms..... . 19
Frowing waTeR pure . 364
freezes slowly . 870
makes rough ice 371
oscillates .... 365
FLoWERS, awnings for , 213
purify air .., 272
smell at night 158
,» before rain 158
forebode rain 157
Frues ..... 63
blacked -........ 204
long good for draught 64
short, bad s 64
(See chimney.)
Flutes covevnnnene... 428
Fly poison .......... 439
a3

s esee o
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PAGE PAGE
Foam, white ........ 419 Frost affects barometer 336
Foes ....... seeseees R32 » sound.... 420
arrest sound .... 429 braces coovovvn.... 183
cause of ........ 131 breaks ewers ...... 366
differ from cloud 130,234 , tiles,stones,rock 367
» mist ... 233 » Pipes........ 368
dispersed by wind . 235 s, cracks earth.... 374
by sun... 283 »” mortar .... 374
frozen «..vvev... 287 expands water...... 369
in autumn ....... 234 on windows........ 221
increase distance.. 155 prevents fog ...... 234
in mwhrshes ....., 282 stops work ........ 375
in valleys........ 285 warmer than thaw .. 373
magnify .......... 1565 FroTH of beer.... 112, 278
none in a frosty night 234 ,, fermentation . 286
Foobp converted to blood 247 white ........ 419
cooled by the breath 320 Frozen water warm .. 371
want of causes dirt 90 ruts and foot prints 367
o hunger .... 92 FruiTe cool the blood . 95
ill ventilation 97 fall to the eurth.. 436
laziness ..... 92 pleassntin summer 95
Foot-prints frozen .... 867 FUEL, dry burns well.. 45
Foot warmers ........ 179 elementsof .... 35
covered with flannel 180 for the body 89
highly polished.... 180 wet burns badly. 45
Forked lighming...... 5 Fulgurites ...... v 30
Forks, tarnish of .. 262 Fumigatiop for rooms . 438
remedy 260 Funnel (see flues) .... 63
ForesTs catoh fire .... 104 Fug, bad conductor .. 172
cold ... 167 for clothing...... 182
Foster, Lieutenant .... 430 WA . .evenn.. . 182
France grows warmer.. 168 FurNacEs, brick for .. 181
FREEZING MIXTURES.. 377 fires fierce .. 61
Friction (see rubbing) 102 ,, roar 62
excites electricity 20 not with door open 62
sets forests on fire 104 lined with clay.. 181
Froas cold blooded .. 98 Furs of kettles ...... 2064
oroak before rain 154 steam-engines.. 265



INDEX.

Furr of kettles dangerous265
removed 265

Gallery hot ...ovuvn.. 333
GARMENTS warm .... 199

cold voauvnns 195
Gasazote......... ... 38

carbonic acid .... 2066

carburetted hyd... 203
coal ...... eeress 204
differs from liquid 249
elastic .......... 245
expands from heat 113
hydrogen ........ 36
inflammable .... 76
invisible ........ 256
jetof ....... ... 8l
nitrogen ........ 38
of candles ...... 204

fire oovueenn. 39
OXYgeN...v.veasn 37

phosphuretted hyd. 297
sulphuretted hyd. . 284
permanent .. 114
GAvZE wire lamps .... 295
prevents explosion 295
Geese noisy before rain 155
GERMAN silver tarnighes 262
tinder ........ 105
Germany grows warmer 168
Germination ....... . 324

Gideon’s miracle......
Gimlets hot from use. .
GINGER pop
acid ...... ve.. 278
GrassEs broken by heat 127
» onahob 128

covered with mist ., 222
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GrassEs (continued)
covered with mist if
from a cellar .... 222
diminishing .... 399
dulled by a hot hand 221
. breath, &c. 222
magnifying 399
mist of subsides .. 222
(See Spectacles.)
reflect +..vv0.0.. 396
ground, opaque.... 421
musical ........ .. 428
Glauber salts .....%.. 488
GLovEs, black kid warm 186
» Lisle thread cool 196
Glow worms glisten .. 385
GLUTEN ........ vee. 282
ferments .... 283
Gop’s wispoM shown in—
air a bad radiator .. 184
,» the circulation of.. 317
animal life ........ 351
beasts, furof ...... 183
birds, down of...... 183
dew ...vuenn vernees 217
earth cracked by frost 374
»» hardened by sun 169
ioe lighter than water 369
metals bad radiators . 217
November rains .... 325
the froth of saliva .. 442
vegetable life ..... . 357
,  radiation .. 215
wood a bad radiator 217
GoLD best of conductors 172
never tarnishes .. 262
Goodness (See Gd’s.)
Grab Hawoody ...... 268
GRAPE sugar ........ 278
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GrAPE (continued)
juice needs no yeast. 284
s ferments . 278
,, mks. alcohol.. 279
s ,, carbe. acid. 279
Grapes never ferment.. 285

Graphite ....... cevee 205
Grass promotes cold .. 168
» dew .. 216

Grate (see stoves)
Gravel collects no dew . 216
hoar frost 197
Gravity Yeovninien... 486
Gray morning good sign 145
evening, sign of wet 144
GREAsE likedin cold .. 92
loathed in heat 95
prevents rust. 159
used for wheels 102
GREEN colour ....... . 420
accideuntal .. .. 423
wood doesnot burn 111

. snap 110

Gross eating unhealthy 90
Grottoes echo ........ 433
Grotto del Cane ...... 270
Groux o covrd. with dew 210
frost voveeans .. 234

Growth by moonlight.. 226

Guiues fowls squall .. 155
Guris flytoland...... 160
” to sea.... 161
Gunpowder explodes .. 108
Gusty weather makes a
smoky house 70
HAIL .ouieiininn., 352
canse of «...... ... 353
falls in summer .... 352

INDEX,

PAGE

Hail, thunder accompns. 352
Ha1r bad conductor .. 172
covered with dew.. 224
WAITD. . .e s, 182, 183
Halls famous for echoes 433
Halo round the moon.. 150
HanNpvrLES, wooden .... 173
metal ...... 173
Handkerchiefs. . ... ce. 191
HarD work gives hunger 90
boiled eggs ...... 285
water bad for washg.360
cause of ........ 360
pleasant to drink . 291
Hartshorn 284
Har covered with dew.. 224
turned red by the sea 361
Hawks see near and far 410
Hay heats .......... 59
heating prevented . 59
stacks ignite .... 59
Hazk round the sun .. 149
. moon .. 150

affects sound .. 430

Head aches in a crowd. 268
HEARTH-rug wrm(? cee. 176

..........

-gtone col . 175

»w hot ... 177

HEAT ......00000n . 1
absorbed ........ 32

and light ....... . 48
affects barometer.. 339

s sound...... 429

s wind ...... 807

animal..,.85, 249, 289
applied low ...... 239
arrests sound .... 430
causeof ...... .. 2090



INDEX.

PAGE
171
171

HEAT (continued)
communication of
conduction of ....
effects of
evolved

s» by compression 105
expands air ...... 107
expands water.... 376
from beaten iron . 98

, exercise .... 90
increased by heaps 58

........

LATENT...v00.. 38, 99
of candles ...... 76
dunghills...... 290
fire ...o00nnne 289
ice ........n 33
human body 87, 289
lime .......... 291
radiated ........ 202
rarefies air ...... 300
reflectionof ...... 199
sensation of ...... 1
sources of 2 to 106
work promotes.... 90

Heating by Arnott's stoves204
steam ...... 204

Heavy bread 289
Hemp, firegspontaneously 58
Herds in & storm ...... 19
HEDpGESs increase warmth 167
retain frost .... 237

Hiirs affect winds .... 308
larger in & fog .... 155
seem more distant 155
Hindostan, jungles of.. 270
HoAR FROST ........ 235
near edges ...... 237

not found on trees 237

,» under shrubs,&c.237

........
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HoAR FROST (continued) PAGE
of frozen fog .... 237
on clear nights only 235
., grass. 236
,» tombstones ...
very partial ......
HoNEY-DEW
ants fond of....
effectof ...... 228
injures plants .. 227
Hoops put on red hot .. 125
Horizontal sun & moon 395
why oval .... 395

HorsEs strike fire .2.. 101,
snuff up air.... 158
uneasy in rain . 154

Hor night oppressive.. 150
water 208

,» melts sugar . 363
weather enervating 96

» abates appetite 95

s» good for fruit 95

» not for grease 95
Hottest place at church 333
Houses— :
spontaneously ignite, 87
distant in fog ...... 156
gather damp
smoke in valleys,... 67
Hull of ships seen last. 402
HUNGER.......un. 90 to D4

........

..........

allayed by food 39
promoted by cold 93
day light 91

rapid digestion 94

running.

singing . 91
speaking 91

sy Work ...... 8L

(See appetite.)
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racE  IRroN (continued) PAGE
HYDROGEN g88 ...... 36 TUStS .......... 258
of fuel ...... 246 » notindry weather 259
» prevented...... 260
IcE covvnnnnns eeees 866 s, scales ........ 258
contains heat ...... 34 ,, when common.. 259
dissolved by acids .. 373 S0NOTOUS .. vvvus. 4268
” friection .. 104 StOVES vivewneunsn 181
» salt...... 378 Ironing box....... Lo. 161
’ sub...... 129 IsraNDs temperate . 328
grows thicker ...... 870 subject to wind 327 328
" lighter than water .. 866 WA o.vveeonns 328

made in hot vessels 377

net work .......... 867 Jack o'Lantern ...... 208
fce-bergs echo........ 438 January winds....... . 817
IGNI8 FATUUS .. .ovon. 208 Jarva,junglesof ...... 270

cause of 298

Illness from over eating 90
Impure water purified.. 73
Incandescent carbon .. 78
Indians strike fire .... 102
Inflammeble air .. 75, 204
INsEcTs in wet weather 159
luminous ...... 299
Insensible perspiration. 220
Intermediate clouds .. 139
IzoN affecfed by lightng. 31
bad absorber .... 193
beds safe in lightng. 21
cinders.......... 44
“eold sianeeniiaan 175
contains latent heat 99

cooled by air .... 258
. convectn. 253
» radiation 253

good conductor 172, 193

heated by blows .. 99
house safe in lightg. 15
matches ........ 100

Jet of lame throngh bars 46

Judges VI. illustrated.. 218
July winds .......... 317
Juice of lemons ...... 488
June wind .......... 817
Jungles of Hindostan .. 270
Kendal, rainof ...... 3858
Keswick, rainof ...... 358
Keyhole, draught of .. 831
KETTLE—

boils over..... PR 118

,» quickly when sooty 194
y» slowly when clean 104
” when new 194

buck of black ...... 207
bottom sooty 207
» cold when boilg.207

......

furrof ............ 264
holder ....oovvenns 178
lid should be clean.. 208
whot ...ovienn, .. 208

not full after boiling. 118



INDEX.

KETTLE (continued)
TUNS OVeF....0vvoan. 118
» through the spout 118
Saturday's boils best . 207

gings ............ 116
steam of ...... ce.. 241
top bright.......... 200
Kid gloves, black .... 196
Killarney echo........ 435
KiINDLING fires ...... 42
damp ...... 45
dry ...... o 40
stones unfitfor 45
Ladiey fan .......... 185
Lake Averno ..... e. 270
Lakes which never freeze 372
LaMP ...iiivvinn, 75
Argand........ 84
safety ........ 205
smoke ........ 84
spirt  ........ 164
glasses........ 85

(See candle.)
LAND aircold ........ 231

affects climate .... 805
cools before water 231
Laplandew clad in skin 190
Larvee .............. 160
LATENT HEAT
Laundress wets flat-iron 162
LaziNESS—
caused by want of food 92
" heat........ 96
Leap, bad conductor .. 172
dulness of ...... 2061
pencila .......... 200
tarnish of........ 261
Leanness from starving 89
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PAGE

LEeAvES absorb carb. acid 251
collect dew .... 215

exhale oxygen.. 250

green ........ 420

in apond...... 436
ligt.green in spring420

pale in dk. places 420
promote cold .. 168
radiate heat.... 215

yellow in autumn 420
LEeMONS, juice of...... 488

saltof ....,... 488

Lip of kettle bright .. 207
» hot...... 208

» rattles 119

Light bread.......... 288
colors cool ...... 194

,» bad radiators 204
LiGHT............ 47, 880
a compound ..410, 417
causeof ........ 381

contracts the eye.. 895
divided by & prism 410
100

» compression 105
none in bent tubes 403

of candles ...... 77
fite .......... 47
houses, trees, &e. 381
the sun ...... 381

2 rays cause darkns.421
speed of 381

sudden, painful .. 382
Lighting fires ........ 42
LIGHTNING .......... 3

affects iron and steel 381
» telegraph.... 3l

armour safe from .. 21
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LicuTNING (continyed)

barks trees ...... 29
bed repells ...... 21
bells attract...... 17
breaks off boughs 30
brooches attract .. 22
carpets repel .... 21

cause of flash .... 6

churches attract .. 14
clouds ........ 5
comes from clouds 16

s earth . 10
crewds attract . 18
danger from . 14 to 23

CONDUCTORS . 23
copper best for 23

danger from . 24
how made 23
not attractive . 23
materials for. 23
thickness of . 24
useof ...... 23

»» Why not common 24
different kinds .. 3
dischiarged by spires 5

” trees .. 12

s from clouds .. 15

s 5 arth to clouds16
electrical ........ 3
flagh, cause of.... 6

,» precedes thunderll

flies about ...... 25
flocks attract .... 19
followed by rain .. 10
” wind .. 10
follows dry weather 28
notwet ...... 29

forked .......... b
fuses metal 27

INDEX.

L1oHTNING (continued) pace
6

globular
herds attract ....
iron bedsteads safe
keys attract
kills animals ....
knocks down houses
5 churches, &ec.
magnenc,... eeaes
maims. .
mattresses repel
metal conducts
odour of ...ceev..
passes down trees.
, thro’ man <.,
produces fulgurites
,»  nitric acid
purifies air .......
rare in winter .....
resinous .........
returning stroke ..
rings attract......
safety from .......
scorches trees ......
sheet «.ev seeernen
source of .. v..eeuens
speed of
straight ...¢ ......
sulphurous smell of
SUIMMET sevraes s,
common in
theatres attract
trees attract..
. conduct
turns beer sour ...
5 milk sour ...
» notold beer.
» Dot porter ...
VItreous ...eeeeseee

........

......

ecetsccccass

seee

19
21
22

7
24
25
31

7
21
23
30
13
14
30
26
28
28
16
17
22
22
29

6

4
12

(]
27
11
28
19
12
20
27
26
27
27
16



INDEX.

L1GHTNING (continued) racE
walls attract .... 16
watches attract .. 2l
water attracts ... 14
wet repels .. .... 22

ZIG-Z8Z  veveeoen b}
(See danger, sajety. )
Lilac steel rusts ...... 203

prevented .. 260

Lily white ...... ce.. 410
LiME and water...... 32
absorb carbe. acid 276
burned ........ 201
phosphate of.... 297

purifies bins 290, 439

, sewers290,439

slack .o .ouunnns 290

quick or caustic.. 202

used by well-sinkers207

wash for rooms.. 439
white ..., ... 419
Lincoln, rain of ., .... 858
LiNE of incidence .... 887
reflection . ... 887

LINEN cleaned by water 362
cool wear .... 100

dried 333
Linseed oil boiling point 122
Liqueficrion ...... 129
LiQuiDps...vvvuvnnns 114
bad conductors 238

cooled ...... 240

heated ......

not elastic .. 245

Lisle thread gloves.... 196
Liverpool, rain of .... 858
Lizards cold blooded.. 98
LonpoN Fog ........ 232
rain of...... 358
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PAGE

Long flues v.vevevs.. 61
grass promotescold 168
LOOKING GLASS ..... . 386

a reflector ...... 386
reflects our image. 388

,» whole person 389
LuciFEr matches .... 208
ignite easily.. 208

Lunar caustic........ 488
Lungs described...... 250

Mackarel scales, &e. .. 140
Macintosh prevenss cold 165
Madness from starvation 89
Magnetic, lightning is.. 81
Magnifying glasses.... 899
Magpies bode weather . 159
Malt teaee 282
Malting ..o vivaa. .. 281
MAaN a swimmer...... 879
fat swims best .. 879

no biggerthan crows 899
Manchester, rain of .. 358
Manufactory chimneys. 64
Marble «oee 488
MARCH, bushel of dust 3238
comes in like a lion 823
goes out like a lamb 328

dry good, wet bad 324

, month ...... 347
flowers undesirable 824

use of vuuvveaas 828

DR RTT IR

Wwinds coeeesnane 317

y dry ...... 323
Mares’ tails........ .o 141
Marsh gas ...... ceee 208
Masts of ships seen first 403
May flowers ....... . .328
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PAGE
May winds .ovoeeenes 317
MEAT covers .. ..... 209
,, hotchased 210

liked incold .... 93
loathed in heat .. 94
roasted by reflectors 201
taint removed .... 439
tainted by moon .. 226
MECHANICAL ACTION .. 98
develops heat .... 2
MEeRCURY of barometer 335
boiling point of .. 122
bright vovvevennn 262
eonecave ........ 943
CONVEX .1 avnsanss 843

its rise & fall 337 to 348

rises from heat .. 127
tarnishes ..o.o..o. 261
METAL collects no dew 216
conduetors .. .. .. 172
feelscold........ 175

,, hotter than wool 174
fused by fire . 129

»» by lightning 27

good conductor .. 172
handles burn .... 173

hot causes pain .. 183
reflectors........ 200

tea- pots 05
Miirk long in cooling.. 241
soured by lightning 25

........

Mineral springs ...... 360
Miner's danger ...... 206

prevented 207
Mirror.coeaeeennnn.. 386

Miscellaneous ques. 436, 443
Misr arrests sound .. 420
black ....... oo 150
cause of ........ 228

INDEX.

MisT (continued) PAGE
differs from cloud 131

s , dew 228

» » fog 233
dispelled by sun 229,233

increases distance 155
magnifies ...... 155
on windows...... 219
seems to rise .... 229
white evevvsnnnn 151

Mixing not combining 25
Money hot in a pocket 174
Monsoon ceenee.. 815
very powerful.. 316
very useful.... 816
changes marked 310

MoNTHS driest ...... 346
wettest .. ... 346

Moon, distance and size 400
haloround ...... 150
largest at horizon 899
oval .vuivennnnnn 395
reflected in water.. 394
seems flat ...... 401

,»» largerthan stars 400
Moonlight prom. growth 227
taints meat. . 228

MogN1NG breeze.. ... 826
gray ...... 146
rainbow ... 146

red .... 135, 145

streaks .... 136

MORTAR ....ovvunnn. 202
adhesive ...... 292
crumbles...... 874
hardens ...... 295

Motes in a sunbeam .. 252
Mother Carey’s chickens 161
Mould hardened by sun 169
MouxTaINs cloudy.... 142



INDEX.

MouNTAINS (continued) pace

affect climate .... 305
5 winds...... 308
w o ocold ..., 202
collect rain ...... 356

famous for echoes 433
height found by

barometer .. 3835
impede respiration 250
noiseless ........ 432

Muriate of soda ...... 488

Murky nights oppressive 151

MusicAL instruments.. 428
bass.ieviiiians 429
bells............ 427
fiddles .......... 428
drums .......... 428
flute ............ 428
flat ............ 429
glasses.......... 428
notes .......... 429
pianoforte ...... 428
sounds.......... 426
treble .......... 429

Nails for matches .... 100

Naves fitted on hot.... 125

NEAR-SIGHT . 405, 409
spectacles for <v.. 408

Negative electricity.... 16
Negroes, why black.... 198
with black eyes 199

New kettles boil slowly 194
NigHT air uniform.... 431
allays hunger .. 91

cold when fine.. 21!
exhilarating.... 151
oppressive .... 151
producescold .. 91

471

PAGE
Night, rainbow at .... 147
Nights warm, when cloudy 21

NIMBUS CLOUDS...... 141
character of...... 141
Nitrate of silver ...... 488

Nitrie acid .... 26, 28,468
produced by lightng. 26
NITROGEN 38

expired .... 249

of air ...... 246
Non-transparency .... 416
Noon, cause of ...... 306
NorTx wind cold *... 820
dry...... 320

east wind dry .. 822
Northern lights ...... 148
NoTEs bass.......... 429
flat ......... 429

sharp ........ 429

treble ........ 429
November rainy ...... 325
Ocean affects wind .... 309
OCtaves ..ovvvunenn 429
Odour of electricity 30
Office ceilings cloudy .. 71

O1L, elements of...... 75
linseed, boiling pt. 122

of turpentine .... 122
of vitriol........ 488
paper transparent 416
OLp people cold ... ... 97

far-sighted .... 408
hold objects at a
distance .... 409
lose their power
of walking .. 442
spectacles for .. 408
sa2
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. PAGE PAGE
ONE pot will not boil in PAPER burns ........ 42
another .. 120 not always 46, 54
how to make it 121 extinguishers .... 81
Optic nerve .......... 400 oiled, transparent . 416

Orange colour, cause of 424
Ovens entered by men 185
Out-of-door work pro-
duces hunger .... 92
Owws prowl at night .. 384
see in the dark .. 384
sleep all day.... 384
scregch beforerain 154

Oxalic acid ..... ceess 488
Ox1DE of copper...... 2061
iron........ 258
lead...... .. 261
platinum 263
potassium .. 264
silver ..,... 262
sodium 204
Oxidized ............ 248
OXYGEN .....cevunn. 37

exhaled by leaves 250
heats the blood 249
in the blood.... 266
inhaled 247
makes blood red 248
fuel burn 246
ofair ........ 101
s itsuse .. 245

supports combus-
tion «.ovevns 245
sustains life .. 246
use of to tinder 101
OZOne «vvevnsenassss 30

2"

Paleness ....e0leea.. 248
Palmer's candles .... 82

puckers from wet. 356
used for kindling . 42

Papille ............ 442
Paris, Dr. .......... 423
plaster of...... 468
rainof........ 358

ParLoURS smell of smoke
in summer ...... 71

Partition walls to arrest
sound ........ .. 432

Pea-soup fog ........ 232

Peacocks call up rain 155

Pear] divers deaf .... 152
Pencils ............ 200
PERCUSSION ........ 95
Perspiration ...... 92, 220
Petals.......co...... 418
Petrels...ovevnn... 161
Petrifaction...... cee. 361
Phosphate of lime .... 297
Phosphoric acid...... 38
PROSPHORUS ........ 297

how obtained ...¢.. 297

burns under our nails 88
PHOSPHURETTED HYDRO-

GEN GAS svvvannn 297
how obtained ...... 297
Piano-fortes ........ 428
Pickle tested ........ 377
Pi1E with & cup ...... 123
full of juice...... 124

Pigs squeak befors rain 155
Pimpernel forebodes rain 157
Pipes broken by frost.. 368
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PAGE PAGE
Piston ...ev00veeee.. 105 Posts charred ...ove.. 74
PrLaNTs collect dew .. 215 PoraToEs, green .... 421

foreboderain .... 157
grow by moonlight 227
PrastER of Paris .... 480
of stoves falls 120
Plasterers cannot work
infrost .......... 375
PLATE warmer .. 196, 200
PratinuM, good con-
ductor .... 172
itsuse ...... 203
never tarnishes 263
Ploughing warms us .. 167
PLuMBAGO ... .. 260
prevents rust 260
Poison for flies ....., 439
Poxer draws up fire.. 53
hot against a stove 192
cold on afender 179,193
how to carry a hot 242
TUSES ..vevee... 259
rusts of, prevented 260
Polar current .. 311
sounds Leee 430
Polish, useof ........ 180
Polished metal teapots 205
Ponds dried up ...... 108
Poor averse to cleanliness 96
ventilation 97
lazy .......... 02
Poppies repel dew .... 230
Pores of wood ...... 110
PoORTER, froth of .... 278
set before a fire 112
stale ........ 286
vats dangerous 274
Positive electricity .. 16

cre e

cess e

yellow .... 420

Potash, tartrate of .... 488

POTASSIUM ..couvu... 264

burns in water 264

Prick of the skin bleeds 83

Primrose yellow ...... 419

Prisms divide light .. 411
Proa~osTIcsof weather

from animals .. 154, 156

candles & lamps 161

clouds ... 2..,. 138

COTNS +uveaa.s 257

distant objcets 155
flowers ...... 157
insects ...... 159
magpies ...... 159
perfumes .... 158
railway smoke 153
rainbow ...... 148

seagulls ...... 160
8ky ...ovve... 148
smMOoke +.vvueae 108
sounds ...... 133
sun-rise ...... 146
sun-set.... 143,146
PrROVERBS about—
April ..iivieee. 325
cloudS seceverenss 140
AUuSt  seessrcnsess 832
kettles...oveeeeaas 207
magpies ....00.... 159
March...ovvea.... 828
rainbows ...... 146, 147
scripture .. 145, 181, 350
spring .....ev0u... 333
SUD senevseecesoess M6

Qa2
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ProvERBS (continued) pAcE
weather .......... 330
wWinds ceeviiienn 333

Psalms illustrated 181, 352

Puwmp explained ...... 255

bandlecold.... 175
well very deep .. 256
water hard ..., 860

« psparkles.. 291

Purple steel rusts .... 260
its rust prevented .. 260

PUTREFACTION 284

ng fermentation 283
smell .... 284,297

.....

Quadrupeds swim .... 379
Quick lime absorbs car-
bonic acid .... 270, 202
QUICK-SILVER bright.. 262
conductor ., 178
extinguished 442

RaDIATION ...... 202, 251
coals, iron .. 253
Radiators are absorbers 203

bad ...... 180

RarLway engines .... 224
furrof ......... 265
smokeforetellsrain 153
water for ........ £65
Raiy ...... R I 1
affected by wind .. 354

afterlightning.... 10
arrests sound .... 430
cause of .... 233, 313
clouds bode .... 141
cools air ........ 166
differs from dew .. 233
diminishes density 355

INDEX.

RaIx (continued) PAGE
dispels carbonic acid 2768
drops of ........ 353

“  vary in size . 354
fertilizing .... 825, 355
from passing clouds 354

sudden change 344
heaviest in summer 358
least at the poles .. 359
less in summer .. .. 826
most in winter 825, 358
“ on mountains 356

near the equator .. 339
notsalt .......... 364
on cabbages ...... 230

dust ........ 230

. 230
. 358

rose leaves .
of Camnbridge ...

Dublin ...... 338
England ...... 358
Kendal ...... 858
Keswick ...... 358
Lincoln ...... 378
Liverpool . 358
London ...... 358
Manchester .. 858
Paris ..... . . 358

142
154
159
155
141
357
155
157
159
158
155
160

prognostics of ¢....
from animals ..
birds ........
candles & fires
clonds ......
COrNS v v
distant objects
flowers .. ....
insects ...
railway smoke
rainbow «ovaeee
sea gulls

sese e



INDEX.

RAIN (continued) PAGE
sky. ooe0v.n.. 146

smoke ...... 158
sounds ...... 153
sun  ........ 146
purifies air ...... 353
sudden change .. 844

waATER fertilizing.. 3R5

not salt ...... 364
smells offensive 362
8Oft vouun. vee. 362
stagnant ..... . 364
unpleasant .... 363
RaIXBow ...... 411, 412
colours reversed 414
double ..... ... 413
morning ...... 146
night ........ 147
Rainy months ...... 858

parts of England 358

Rare air bad for sound 432
Rattling of kettle lid .. 119
Rayx of light bent .... 403
divided .. 410

? produce darkness 421
Reading makes hunger 91

RED colour......... . 248
caugeof ........ 418
TOSe .. ... N 418
sky ..... Ceeeens 135

.. 135, 144
143, 146
199
388
389

sun-rise ..
sun-set ....
REFLECTION Of HEAT ..
in a mirror....

in water
REFLECTORS 199
help to roast .... 201
keep kitchen cool 201
light colours .... 200

........

475

REFLECTORS (contind.) pace
not absorbers ..., 200
polished metal .. 200
should be clean .. 197

, bright .... 197
» notbepainted 196

REFRACTION .+.cvesae 402

Resinous electrioity ... 17

Retina ..... ceresssses 406

Reverberation ...... 433

Rice for food ........ 96

Ringys dangerous in

storms ... 22

RivERS slow at sides .. 865
freeze unequally369,371
“ never at bottom 369
invert ourimage .. 890
not wholly frozen 870
oscillate ... .... 368
shallow, freeze .. 871
seem shallow .... 404
warm when frozen 871

Roasrt apples ........ 109

s  soft .... 109
chesnuts .. .... 107

Roap dark from a light
TOOm ........ veee 382
Rocks collect no dew .. 217
broken by frost 367

Rotation of earth affects
the air .. .cvvuvee .. 807
RooM cooled .. .. 165, 333
currents of air in 303
ventilated ...... 333
vitiated by a crowd 268
warmed by fire .. 248
watmer than air . 831
Roses red 418
repel dew ...... 230

Sa4

..........
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PAGE PAGE
Rosneath, echo of .... 435 8t. Bride’s church de-
Ross Captain ........ 430 stroyed by lightning 25
Rotation of earth . 300 SALT «veeveenesses. 488
Rotting leaves cold .. 168 and snow cold 34, 874
RuBBIiNG ........ .. 102 ,» bad for washing 861
handsto warm them 103 cracklesin a fire.., 46
melts ice .. ... oo 104 dissolves ice .... 373

restores animation 103
wood excites fire.. 102
See friction.

Ruddiness ...cvov0e. 248
Ruins famed for echoes 433
Rumford Count ...... 101

RusNING makes warmth 90
water freezes slowly 370
makes roughice .. 371
oscillates vvvves s 365

pure ...... .... 364
Rush lights blown out 80
Rust ....0ovnvnnnnn. 258

prevented ...... 25H9

when mostcommon 259
Rustics healthy ...... 271
Ruts frozen

SAFETY IN A STORM
abroad .. 20, 21, 22
best to be wet ,, 22
in & carrriage .. 20
armour ..... . 21
bed ....... .21
honses +v.... 21
iron beds .. 21
near a tree .. 20
Sefety lamp ........ 205
Bsilorskilled by carb.ac. 268
rarely catch cold 165
Saliva vove,0veensees 442

dissolved by water 363

,» especially hot .. 863
flavours water .. 368

of lemons 488
retards boiling .. 121
smelling ....... . 480
white 352
water boils slowly 121

,,» bad for steamers 264

. ' washing 361
Salts, Epsom ........ 488
Sand dazzling ...... 417
used for furnaces 181

< R07
206
206
206
206

......

----------

Saturday’s kettle
SAUCEPAN best black ..
new boils slowly ..

lids should be clean
bright

rattle 119

Saws hot from use.,,.. 104
Sawdust arrests sound 431

Tesene

......

Scald cured.... +v.... 163
Sclerotic coat «oeeue .. 406
Scripture illustrated .. 181

218, 350

Scum of fermentation 281
SEa affects climate.. .. 805
beach healthy early 327

not at night 827

brackish .eeeeees 364
breakers ........ 329
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SEA (continued) PAGE PAGE
breeze ....... +.. 327 Shavings arrests sound 432
cause of ........ 337 Sheen ........v00u.. 417
cold . 327 Sukkepr bleat before rain 154

gives out heat.... 320 lie under hedges 15¢
gulls .......... 168 periled by storm 19

less hot than land 309 Sheet lightning ...... 6

not heated by sun 800 Sheets wet .......... 164
rarely frozen . 372 Shilling and basin .... 402

» gives cold .. 165 Shining ............ 417

salt ............ 8364 Suipscontain carb.acid 268
SPray +eevunaens 330 hull seen first .. 402
tides........ ..., 330 out at sea ... 402
vapour not salt .. 170 the Hawomfy .. 268
water buoyant.... 377 SHIRTs, cotton warm .. 100
WAVES .. seveee.. 320 linen cold .... 190

5 stationary .. 820 SHoEs cold when wet .. 164

,» noonward motion329 hot when dusty 201
winds .......... 309 Shothot....... veee. 106
Sedentary mennot hungry 92 Shower cools air  .... 166
Seeds germinate ...... 325 Shutters dangerous.... 166
SEEING in a glass .... 380 Sick rooms purified 43, 91
into a dark street 396 Sickness fr. over eating 90

5 light room 382

in small mirrors .. 389

the same object .. 381

when used to dark 383

SENsATigN destroyed .. 441

of feeling .. 441

of taste.... 441

September winds .. 317,318

Sewers purified by lime -290

Shade cool ........... 189

Suapow after looking at

-1

in water...... 389, 390
larger as the object

approaches alight 397

Shallow water freezes.. 371

want of exerc. 90

Sides of a pond littered 436
SiaHT affected by heat 882
far .......... 408

cause of ,... 408

effect of ..... 409

remedy .... 409

near ......... 407

cause of .,.. 407

effect of .... 409

remedy .... 407

Silence prod. By sound 421
SILK, raw warm ...... 191
spun ecool 191
SiLveRr good conductor 172
meat-covers...... 209

......
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SILVER (continued)

should notbe chased210 SMOKE (.....

nitrate of........ 480
tarnishes........ 2061
Simmering ......... 115
Simple clouds........ 137

SineInG of a kettle.... 116
produces hunger 91

Single magpie unlucky 159
Sir H. Davy veerees 205
S1zE, distance lessens 399
of clouds...... 132

SkIN, blacknever blisters 198
* scorches .. 198

white blisters .... 198
Sky blue .......... 146
cleared. ..o voaes 322
(405 PN 145
overcast

red ....viennen . 145
yellow .. oovuvien. 145
Slaked lime.......... 292
SLEERPelongates the body439
body feels not in 441
dreams in ...... 441
ears hear not in .. 440
eyes sees not in .. 440
mind wills not in 441
tongue tastes not in 440
Sleet 349
Slit chestnuts ........ 109
Smelling salts........ 480
SMELLs in wet weather 157
bins and sewers 200
remedy...... 290

church yards .. 297
putrefying bodies 284

sick rooms .... 438
remedy .... 438

----- sesssss e

INDEX.

PAGE

ceeess 41,60

ascends ........ 60
curls c..ieeinen 61
falls.......... .. 158

,» down a chimney 64
of fresh coals .... 41

, candles ...... 83
»lamps ...... B84
remedy .... 85

,» red-hot coals.. 41

,, Steam engines 61

. , trails 153

TiSeS ..eeeenn .. 60

useful in cooking 208

Smoky chimneys ..., 62

See chimney.

Smoke-jacks ........ 113

Smouldering wicks.... 53

Snakes cold-blooded .. 98

SNOW .ivevevneeen.. 349

and salt cold ..86, 874

arrests sound .... 429

bad conductor.... 850

cause of ........ 349

contains heat .... 34

falls in winter .... 349

» Dot in summer 851

like wool .... 181, 350

nourishes the earth 351

on mountains .... 3851
soon melts beneath

a hedge or wall 214

useof ........ .. 350

WATI ..oevess.. 350

white ..evease.. 351

Soar veeseess 8061

cleansing........ 362

hard, soft..ee.... 361

sreene
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BoaP (continued) race  SOUND (continved)
yellow ........ 861 prevented passing from
bubbles ........ 415 room to room .... 432
,, ascend .... 865 two produce silence 421

,» change colour 415
Soapy water bubbles .. 865

Sopa, muriate of .... 488

water ........0 R77
' , acid ..., 278
SODIUM . vvvevennns 264

decomposes water 261
Sorr soap 361
water for washing 862

..........

Soil aflects climate .. 305
Solids cvvveriinnnann 114
Soxorous things .... 426
bell metal ...... 427
copper ........ 426
iron .....0e00. 426

musicalinstrumnts. 428

S00T .iviiiiiennnn 40

in summer ...... 71

on ceilings ...... 71
(See smoke.)

Booty kettles ........ 193

SouNp  ..... e 426

affected by frost.., 430

P heat .. 430
akin to colour .. 418
arrested by mist .. 431

” wet .. 429
diminished byrarity 432
heard best by night 431

' in a frost 430
through bent tubes 408
inandible on hills 432
loudest in dry air 153
velocity of .. 426
musical 426

s e

sres e

Sour long cooling .... 241
cooled by air ... 254
Source of heat ...... 1
Sourness, cause of .. 280
Sours wind rainy 821, 837
warm 820

-west wind rainy 322
Sparks from a fire .. 110
,» flintg.... 100

5y Lorse-shoe 101

SPEOTACLES ..... ... 406
affect the eyes .... 425
black .v..vvvuunns 425
blue ........ vees 424

clouded by a hot room 222

for aged ..... ... 409
,, near sights .... 407
Spectrum  ......... . 426

SririTs depressed .... 151

before a storm 257

cloudy night 150

dull weather 151

mountain air .. 256

exhilarated .... 151

by clear nights 151

frosty air.. 154

spring .... 154

Split bells ...... ve.. 426

Sponge swells when wet 356
SPONTANEOUS COMBUS-

57, 58, 59

of forests .. 104

Sroons become dull .. 262

bent in weter .. 404

stained by eggs 284



480 INDEX.
PAGE PAGE
Spoons retard boiling . 120 | StrEL affected by light-

Speaking produces hunger 91
SprAY, cause of ...... 330
white .. 419

SPRING, best late .... 324
bracing . 154

cracks the earth 374
verdure ...... 420
Spring water cool .... 180
» sparkles . 279

Sprmgs prevent freezmg 372
Sprinkling to cov} rooms 165
Squint eyes see double 386
STAGNANT water .... 364
full of worms 364

soon freezes 370

STALE beer, &c, «.0 RB6
eggs offensive .. 285
Srars, distance of .. 400
sizeof ........ 400
invisibie by day 3835

seem flat ...... 401

seen in a well .. 385

seen on mountains 394
twinkle ........ 421
STARVATION ........ 89
produoes dirtiness 90

”» laziness 92

. leanness 89

ce e

. madness 89

STEAM  ........ 129,359
curls ....... ... 61
engines burst ..., 242
invisible ........ 242

of a kettle ...... 242

« locomotive ., 224
why visible ...... 119
what becomes of it 120

ning .... 8l
and flint make a
spark .... 100

purple ....... . 260
TUSES cevnenen.. 260
prevented 260

Stick burnt makes a
circle of light . 422
Stirring cools broth, &c. 254
Stockings difficult to
draw on when wet 357
StonESs broken by frost 867
cold ........ 175
collect no dew .. 216
snap in fire .. 110
unfit for fuel .. 45
STORMS ....... 4
depress the splms 257
distance of, told.. 9, 11
follow dry weather 28
places of danger in 12
’ safety in 20
prevail in summer
and automn .. 28
rare in wet weather 20
(See danger, sqfety.)
Stoves crack lighted .. 126
cooling ,. 126

of bricks ...... 181

iron ....0... 181
on a floor .. . 53, 243
rust  J..ee. cees 2089

,, most in winter 259
5 Dot often . 209
» prevented .. 260
settings fall away 126
Warm a room .,,. 243
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PAGE SUMMER—
STRATUS clouds...... 138 allays hunger .... 96

how produced.. 139

StrAaW putoverbricks.. 375

, trees .... 376

» water-pipes 376

StrEETS dark fr. aroom 382

seem to meet .. 308

watered 165

Strikingiron makesheat 99

Struggling in water
dangerous

Stucco peels off in frost

Sublimates ...... cene

Sublimation

Sudden light painful ..

SuGar

anhydrous ......

at top of tea melts

elements of ......

ferments .... ...

flavours water .. ..

left at the bottom of

acupmeltsslowly 438

makes aleohol.... 280

, carbonic acid 280

melted by water .. 863

,» @speciallyhot 363

of lead 488

retards boiling .. 121

stirred melts quickly 438

white ....... .. 352

SuLPHATE of lime 360, 488

magnesia 488

soda .... 488

zine ..., 488

Sulphuric acid ...... 488

,, and water 82

Sulphuretted hydrogen 284

. 378
375
488
488
382
279
280
438
279
279
363

..... cuseons

clothes for 104
makes grease odious 94
» fruit pleasant 95
lightning ...... 11
Sun-beams full of motes 255
Sux affects eyes .... 424
dazzles ........ 383
dalls fire ...... 50
hardens earth .... 169
largest at horizon 395
not seen in a wgll 392
oval ......uuun .. 895
radiates heat .... 202
reflected in water . 393
seems flat ..... . 401
source of heat .. 2
Sun-rise breezy ...... 326
red,cause of 135, 144
» sign of wet 1486
Sun-set gray ........ 146
red .... 135,144
,, forebodes fine 143
yellow ...... 143
,, forebodeswet 144
Super-acetate of lead .. 488
Sur Raja, of Bengal .. 269
Suspended animstion
restored
Swallows fly low ....
Swan dry in water ....
Sweet-wort needs yeast
Swimmers sink ......
Swimming

103
159
230
283
878
879
in the sea .. 877
Syphon explained .... 256
Syrup, boiling point of 122
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PAGE PAGE
Table salt .......... 488 Temperature from trees 167

TAINTED meat cured 72,439
4 in moonlight 226
water purified . 73
TALLOW «uvevvananen 5
wicks, why of cotton 83
why not like wax wicks 83
(See candles.)
TARNISH «ccovnen cess 261
of copper .... 201
Germansilver 262

e lead ...... 261

silver ...... 262

zine ...... 261

Tartar emetic ...... .. 488
Tartrate of potash .... 488

Tarts have a cup inside 123
full of juice.... 124

Taste ....... . 442
Txa cooled by blowmg 186
» by stirring 254

. in a saucer 169
GREEN, deleterious 439

,» poisonforflies 439
Tea-por, black earth .. 205
preferred by some 205

set on a hob .. 205

bright metal . 205

» tarnishes 262
TEA-sPooNS tarnished 201
” by eggs 284
Telescopes .......... 402
TEMPERATURE varies.. 304
from forests .. 167

s, land .... 305

5 Mountaing 305

» 8ea .... 305

s 80il ... 809

TEMPEST «ocssnsees 4
affects weather 344

See storms.
Thaumatrope ........ 423
invented by Dr. Paris 423
Tuaw affects barometer 338
cold vevrusnees 373
dulls fire .... 52
Theatre dangerous.... 19
Thermumeter ., .... .. 334

differs from a

barometer 334
rises from heat 127
Thick clothingunhealthy 170
Thread gloves cool .... 196
why white 419
THUNDER .....vuvns 8
after lightning .. 11
bolts (seefolljuriles) 11
deep growl .... 9
distance of, told 9 11

effect on weather, 3844
followed by rain 10

wind 10
inaudible 11
irregular roare. .. 8
onecrash ...... 8
rolling.......... 10

See danger, safely, storm.
Thunder storms, cause of 4

Tides +vvveeeenenn.on 330
cause of ,ees.0.. 830
two daily ...... 330

Ti16ERS prowl by night 384
see in the derk 384
sleep all day .. 384
Tiles broken by frost .. 367
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PAGE PAGE
Timber charred ...... 74 Trefoil forebodes rain 157
Tin-blowers ........ 70 Tremulous appesaraunce
foot-warmers .... 179 after rain...... 156
» covered . 180 Tube of barometer.... 335
good conductor .. 172 Tubs dried up...... .. 168
meat covers,polishd.209 Tumblers (see _qlmses)
plate warmer .... 196 TwILIGHT, evening .. 136
reflectors........ 201 morning .. 136
tarnish of ...... 261 Twinkling of stars .... 421
See reflectors. Twoeyes.ocouiaaann . 885
Tinder blown ........ 101 ,» see single .. 886
Toast and water...... 73 5 useof ... 883
dry, for the sick 73 fires smoke...... 65
Tomb stones frosted .. 197 5 remedy .... 66
ToNgsrust voevvnnn.. 260
prevented .. 260 Unslit chesnuts ...... 107
Tools bot fromnse.... 104 Usk of barometers.... 335
TRADE WINDS........ 311 clouds ........ 142
Atlantic ...... 314 smoke in cooking 208
Indianocean 814, 316 SDOW ...vanne 850
Monsoons .... 318
North-east .... 311 VALLEYchimneyssmoke 67
Pacific........ 314 of death ...... 270
South-east .... 811 VaporizaTioN ...... 130
Trailing smokebodesrainl53 Vapour a conductor .. 19

Transparency ........ 416
noy-transparency 416
TREBLE ........ 419, 429
its vibration 429

TREES barked by a flash 29
collect dew .... 211
covered with bass 876
dischargelightning 12

look distantin fog 155

not frost bitten 236
promote warmth 167
purify air .... 272

shade of, cool .. 189

differs from gas 114

forms fog .... 234

» cloud.... 234

of a carriage .. 220

aroom .... 219

sea not salt 170

Varnish to prevent rust 260
Vats fatal .......... 274
VEGETABLES eat carb.ac.251
agreeable in summer 95
collect dew........ 215
cool the blood .... 95
depend on animals 252
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PAGE PAGE
Vegetables exhale oxyg. 250 Watches dangerous in
VEevocity of clouds .. 331 lightning.......... 21
light.... 881 WaTER ........ vees 359
lightning 12 acidulated ...... 276
sound .. 434 erated ....o.... .o 77
thunder 21 and lime ........ 32
wind .. 331 and sulphuric acid 32
Vent peg «.vevnn, ve.. 286 ashes soften . 362
VENTILATION ........ 333 bad conductor 178, 240

sought by rich.... 97

not by poor.. 97

Verdigris .....ovvunnn 488
Vertical sun.......... 306
Vestry chimneys smoke 66

Vinegar distilled . 488
VioLET blue ........ 418
colour, cause of 424
Violins musical ...... 428
Vitreous electricity .. 4, 16
Vitrior, oilof........ 488
white ...... 488

WaLLs to arrest sound 432
wet in winter ., 223
, in athaw .. 228
‘Want connected with dirt 96
‘WarM clothes...... .. 195
colours ........ 195

some things more
than others .. 171
WasMTH from draining 167
trees 167
clearing forests167
cultivation .. 167
Warming rooms....,. 243
Wash-hand basin .... 177
WasHING, good for health 96
water for ,....... 290
,» should notbe hard360

boiling.......... 239
,» bubbles .... 117

, rattles .... 119

,, runsover .. 118

5 SINGS cousve 116
swells...... 117

cleans dirty linen 862
cold .....ovns 177

,, contains heat 33
converted to steam 129
cools slowly...... 231
decomposed .... 264
deep freezes slowly 372
dried up in summer 168

elastic ... .. 000 245
expands by frost,. 369
heat .. 868

extinguishes'fire 55,111
» ot always 55,56
flat when boiled .. 288
flavoured by salt.. 363
» sugar 363
flowing, pure .... 864
fluid...... veee.. 809
for sick room .... 73
washing .. 290, 360
freezes at surface 370
. unequally 371
fresh, sparkles .. 291
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WAaTER (continued)

frozen .......... 366
s Dby ether.... 376
" evaporation 876
» air-pump . 876
fuel ............ 55

hard............ 360
agreeable to drink 291
unfit for washing 360

heated .......... 239

heavier than ice .. 366

hot, scalds ...... 183

how preserved cool 199

» » hot 199, 209

increases fire .... 85

inverts images.... 389

kept hot .... 209, 241

, cool.... 199, 209
melts sugar, salt, &e. 363
especially hot 363
mineral ........ 360
mixed with salt .. 868
boils slower 122
needful for fermentn.285
not heated above

boiling........ 240
not heated like land 309
oschlates....... . 865

pump, agreeable.. 291

» hard...... 860
sparkles ........ 201
purified ........ 78
purifies bins, &e.. 290
putrefies ........ 364
rain, not salt .... 864

» smellsoffensly.363

y 80ft.e.ione. 3862
reflects sunby a spot 393

485

WaTER (continued) PAGE

rises in a pump .. 255
running, keeps pure 364
,» freezes slowly 370
» »  rough 371
, oOscillates .. 365
salt,bad for washing 361
scalds ...,...... 185
sea brackish .... 864
,» seldom frozen. 871
shallow,freezes soon 371
simmers ........ 115
slackens flame .. &6
soapy, bubbldy .. 365
103 { N 201
,» best for washing 362
softened by ashes . 362
sparkles .... 279,291
spring cool ...... 189
»  seldom freeze 372
stagnant ........ 364
s full of worms 364
stale...vvivennn, 288
swells with boiling 117
toast and, use of.. 73
warm when frozen 371
will notbubble with-
out s08p «-.... 365
(See rain, ice.)

WATER-PIPES burst by

frost...... .. 368
covered with straw 876

Watering plants by saucer 436

rooms ...... 165
streets ...... 165
wheels...... 169

WAVES..oivvvinnnnn. 329

cause of breakers 329
spray .. 330
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Wax veeeeens
cundles not snuffed
WeATHER affected by
tempests ......
weight of air ..,

glass ..........
prognostics of ..

,» Ir. animals 154,
clouds . 138,

flowers ....
rainbow.. ..
8ky ...eas
Csun -rise ...

sun-set 143,

rules for ...... .

PAGE
75
83

343
334
330
140
155
141
157
146
146
146
146
337

sudden change brings

rail coieeeen

told by barometer
toys...onvune
WEeLL-sinkers use lime
stars seenin.,...

sun not seen in ...

West wind promotes dew
rainy ......

WEeT clothes give cold
»» safe in a storm

feet dangerous ..
finger cold .......

344
834

.. 357

207
392
392
205
321
164

22
164
163

indications of 145—149

kindling .......
night oppressive .,
rat safeinlightning
sheets ............

signs of .... 145,

45
150
22
164
146

summer brings cold 166

walls ..........

223

weather painful 150, 154

‘Wettest months ..... ..

846

PAGH
WHEELS catch fire .. 1038
greased .......... 108
kept cool by water 169
Wheel ruts frozen ... 367
Wheelwright ........ 125
WHITE .. ciieieenserses 416
blisters ........ 198
body linen ...... 194
bones ...ovenenn 420
cloth cold ...... 194
clouds ...... vees 419
crust on clothes .. 170
colour, cause of .. 419
dresses for summer 194

“ not for winter 194

fat .. ...0000... 419
froth .......... 419

lly .oovevnene. 419

lime ...... eeene 419
mistieeeeaeseass 150
salt ...... ve sees 302
SDOW  ..eveee... 391
BPray «.ecee.. .. 419
BUGAT .vsseesere 302
thread .. .ovvvenn 419
vitriol .......... 488

Wicks cotton, snuffed 83
not of wax-Light 83

gasof .......... 204
long,have anob .. 82

not upright .... 82
Palmer's not snuffed 82
rekindled quickly 53, 56

84

smoke «ovoiaenn .
See candles.
Will o’ the wisp .. ... . 298

WIND .. iveveeernnes 300
affects barometer.. 337
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WixND (continued) PAGE PAGE
»» clouds......134 | Winpows blaze with sun 390
after lightning.... 10 not at noon .... 891
altered by clouds 810 draught of .... 830
»  electricity 130 covered with frost 221
5  mountains 308 s » mist 219
s, 8€as .... 309 carriage, dull .... 220
.  Totation of rattle ...ov 0. 435
earth .. 300 Wine glasses (see glass)

brings clouds ... 142

g ATy cieee. 322

» rain ...... 322
cause of ........ 300
chimneys smoke fr. 70
changes clouds 131,134
cold .... 176, 187, 320
dispels elouds 134, 143

» fog ...... 235
draws up fire .... 52
dries linen ...... 333
effects op air .... 301

s s barometer 336
feels hot sometimes 187
generally cold 187

in England ...... 317
increases clouds.. 134
near mountains .. 308
of®a morning .... 326
evening .... 826
prevents dew .... 214
regular. ........ 310
varies ........ .. 308
velocity of 331
varies.... 805

See England,monsoon,north,
south,west,&c.trade winds,
breeze, dr

Winding passages echo 432

Wine, fermentation of 240
made without yeast 285
sour cause of .... 280

WiNTER clothing, . 182, 194

cold vuvunnnn 166
promotes hunger 93

Wispom or Gop
See God's goodness.

Woobp ashes soften water 362

burns
5 spontaneously 56
charred ..... e 74

hot at one end, cold
at the other.... 171
ignited by friction 102
kindling ...... 42, 48
s Ary....o.. 45
s WEt ... 4B
made incombustible 46
gends forth sparks 110
SD8PS +....e.... 108
will not melt .... 180
Wooden handles .... 178
Woodpeckers cry before
AN ceiiiiinenn ... 155
WooL bad conductor .. 172
collects no dew.. 216
182, 350
WooLLEN clothing .... 182
kettle holders 178
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] PAGE
Work produces hunger 90
Wound brings blood .. 83

YEABT .co0vsnevens.. 282
“  makes light bread 288
wort ...... 288

not used in wine 284
used in brewing .. 282
Yxrrrow colour 419
cause of....410, 424

INDEX.

PAGE

Yrrrow flame luminous 48
medium tone .. 419

sky sign of -rain 145

soap 861
sun-set canse of 143

5 8ign of wet 144

Zig-zag lightning ... 5
Zixc a conductor .... 172
tarnish of ...... 2061

sesasves












