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Preface fo fhe Gightl Eaition,

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 persouns 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
looks 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
accuracy 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. Bara Power, M.A, F.C.S., and tv ROBERT JAMES
Maxx, EsQ., M.R.C.S., of Aylsham, for their eareful revision
of the sixth, as well as for much useful information in some
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of the former editions;* the almost unparalleled success of
this little volume, of which 49,000 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,
as 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 edition ; and C. Lloyd, Esq., of Oswestry, Salop, a judicions
revision of the fifth edition.

A remarkable instance came before the Author some time since
of the statement made in the early part of this prefuce. The conver-
sation was about smoke—why it was bluck, and not white, liks the
fine dust of lime, A littlechild 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) ** what is the good of its
being black?"” The gentleman replied, ** Silly child—you a:k very
foolish questions—2sit down and hold your tongue.” He might have
read pp. 206, 207, 208, and answered the child more discreetly.
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LN RO DU ETE IO N,

Q. What is aear?

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

Q.  How s this sensation produced ?
A. DBy a subtile invisible stream, which
flows from some hotter substance, and

produces on our nerves the sensation of
warmth.

Q. What s that “subtile invisible stream’
catled, which flows Jrom the hotter substance ?
A. Caro’ric. Caloric, therefore, is

the agent, which pruduces the sensation
of warmth.

B



2 HEAT.

What is the principal SouRCE of heat ?

Q
A. The Sun.
Q

. What other sourcEs of heat are there ?
A. Electricity—Chemical Aetlon-
and Mechanical Action.
Q.  What are the principal EFrFECTS of heat ?

A. Expansion, Liquefaction, Vapo-
rization, and Ignition.

E

CHAPTER I

Q. What is the great natural soURcE of
heat ?

A. The Sun.

Q. Why do BURNING GLASSES set fire to
substances submaitted to thewr power ?

A. DBecause, when the rays of the
sun pass through the burning glass, they
are bent towards one pownt, called the
““focus;” in consequence of which, the
light and heat at this point are very
greatly increased.



ELECTRICITY. 2

Q. Do the rays of the sun ever set fire to
-natural substances, wiTHoOUT the assistance of a
burning glass ?

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

CHAPTER IIL

Q. Name a SECOND source of heat,
A. ELecrrICITY.

Q. How 13 BLECTRICITY most commonly seen
in NATURE !

A. As lightning.

Q. What is LigHTNING P

A. Lightning 1s accumulated elec-
tricity discharged from the clouds.

Q. How many different kinds of lightning
are there ?

B 2



4 ELECTRICITY.

A'L. As there are two kinds of elec-
tricity, 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 unite itself with the
other kind, either in another cloud, or
in 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 electricity
which accumulates in the clouds ?

A. 1st—Evaporation from the earth’s
surface ;



LIGHTNING. D

2ndly—The chemical changes which
take place in the earth’s surface, and in
the air; and

drdly—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
5 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,
amimals, dc. help the discharge of electric clouds ?

A. They reduce the distance between
the electric cloud and the earth.
Q.  Why is lightning sometimes FORKED >

A. Because the flash is divided by

certain terrestial objects which it ap-
proaches.

Q.  Why is the flash sometimes z16-zAG °

A. Because lightning condenses the
' B 3



§ ELECTRICITY.

air in the immediate advance of its path,
and flies from side to side, 1n order to
pass where there 1s the least resistance.

Q. When is the flash STRAIGHT ?

A. When the distance through which
the flash has to pass 1s small, so that the
air in advance of its path is not sufficiently
condensed, to cause 1t to fly from side to
side.

Q. What is 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. Tt sometimes assumes the globular
form, and sometimes what 1s called the
brush form.

This drush discharge is what is called ¢ Castor and Pollux,” or

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

The cause of globular lightning is not known.

Q. Why does lightning produce a flash when
it passes through the ATR ?



LIGHTNING. it

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 @ CONDUCTOR ?

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

Q. Why does LIGHTNING sometimes KILL men
and beasts ?

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

Q. WueN is a person struck DEAD by light-
ning ?

A. Only when his body forms a part
of the lightning’s path; i.e., when the
electric flmd, (in its way to the earth)
actually passes through his body.

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

J_A. Because the amount of electric
fluid which passes through their bodies,
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8 THUNDER.

1s enough to mjure them, but not to
destroy life.

Q. What is THUNDER ?

A. The noise made by the concussion
of the air when 1t closes again, after it has

been parted by the lightning flash.

A part of the noise is owing to certain physical and chemical
changes produced in the air by the electric fluid.

Q. Why is THUNDER Sometimes ONE VAST
CRASH ?

A. Because the lightning-cloud is
near the earth, so that all the vibrations
of the air (on which sound depends)
reach the ear at the same moment, and
seem like one vast sound.

Q. Why ts the PEAL sometimes an TRREGULAR

" broken ROAR ?

A. Because the lightning-cloud is a
long way off; and as some of the vibra-
tions of the air have further to travel than
others, they reach the ear at different
ttmes, and produce a continuous sound.




THUNDER. 9

Q. Which vibrations will be sOONEST heard ?

A. Those produced in the Jowest
portions of the air.

Q.  Why will those vibrations be heard FIRST,
which are made LAST ?

A. Because the flash 18 almost in-
stantaneous ; but the sound takes a
whole second of time to travel 380 yards.

Q. If a thunder cloud were 1900 yards off,
how long would the peal last ?

A. Fue seconds: we should first hear
the vibrations produced in those portions
of the air contiguous to the earth ; then
those more remote: and it would be 5
seconds before those vibrations reached
us, which were made 1n the immediate
vicinity of the cloud.

380 X5 = 1900.

This illustration supposes the lightning to flash directly from
the cloud to the listener.

Q. Why s THUNDER sometimes like a deep
GROWL ?
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A. Because the storm is far distant,
and the sound of the thunder indistinet.

Q. How is the sound of thunder affzcted by
LOCAL ctrcumstances 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 Ughtning generally
followed by POURING RAIN ?

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

Q. Why is a flash of lightming generally
followed by @ GusT OF WIND ?

A. Because the physical condition of
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the avr 1s disturbed by the passage of the
lightning, and wind 1s the result of this
disburbance.

Q. Why is there xo thunder to what is called
SUMMER LIGHTNING ?

A. Because the lightning-clouds are
so far distant, that the sound of the
thunder 1s lost, before it reaches the ear.

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

A. Noj; the notion of thunder-bolts
arises from the globular form which
ightning sometimes assumes.

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

A. Because it has a 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 flash.

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 1s mstantaneous ;
but thunder will take a whole second of
time to travel 380 yards: hence, if the
flash be 5 seconds before the thunder,
the cloud 1s 1900 yards off.

The speed of lightning is so great, that it would go 480 fimes
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. Tt is very dangerous to be near &
tree, or lofty building; a river, or any
running water.

Q. Why is it DANGEROUS to be NEAR @ TREL,
or lofty building, during « thunder storm 2

A. Because a tall object (iike a tree
or spire) will frequently discharge a
lightning-cloud; and if any one were
standing near, the lightning might
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 off to be dis-
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charged by 1t; 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 Zoo far off to be discharged ;—but a tree or
spire 50 yards high, would make the cloud only 650 yards off

a conductor; in consequence of which, the cloud might be
instantly discharged.

Q. Why would lightning fly from a tree or
spire, into @ MAN standing near ?

A. Because the electric fluid always
chooses for its path the best conductors ;
and, 1f the human fluids proved the
better conductor, 1t 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. DBecause it makes choice of the

C




14 DANGER

best conductors : and this part of a tree
18 best suited for a conductor.

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

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

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

A. DBecause 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 @ thunder-storm ?

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 @
CHURCH STEEPLE during a thunder-storm?
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A. DBecause the church steeple is a
tall object, and composed of imperfect
conductors.

Q.  Areiron 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 bwilding 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 smoke.

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

A. DBecause it stands upon stonme,
and 1s embedded in bricks; both of
which are non-conducting substances.

Q. Would lightning leave the stove and strike
a person standinyg near it ?

A. It might, if by this means a more
direct passage were offered to some
conducting substances.

¢ 2
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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 wvitreous, 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 ts VITREOUS electricity so called ?

A. Because it was first procured by
rubbing glass.

Vitreous is a Latin word, meaning “of-the nature or property
of glass.”

Q. Why is rEsINOUS electricity so called ?
A. Because it was first procured by
rubbing resinous substances.

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

A. They are sometimes called posi-

tive and negative electricities.
So called by Dr. Franklin and his discirles.
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Q. Whywerethe terms “ positive” and “ negative”
employed to express conditions of electricity ?

A. DBecause 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 is it dangerous to lean AGAINST A
WALL during a thunder-storm ?

A. DBecause the electric fluid will
sometimes run down a wall ; and would
leave the wall to run down the man,
because he is 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
down 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-handle and the floor); and as

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

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

A. Because the iron shutter-bar 1s an
excellent conductor ; and the electric fluid
might run from the bar through the person
touching it, and injure him.

Q. Why is it dangerous to be in @ OROWD
during a thunder-storm ?

A. For two reasons: 1st—DBecause
a mass of people forms a larger, and a
better conductor, than an individual:
and

ondly—DBecause the vapour arising
from a crowd increases the conducting
power of the air above.

Q. Why is a mass of Lodies 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 a
large ‘quantity of electricity, than a single
imdividual.
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Q. Why is danger increased by the vAPoUuR
which rises from a crowd ?

A. Because vapour 1s a conduector,
and would lead the electricity down
towards the crowd.

Q. Why 1s a THEATRE dangerous during a
thunder-storm ?

A. DBecause the crowd, and great
vapour arising from so many living
bodies, render 1t an excellent conductor
of lightning.

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

A. lst—Because each sheep is a
conductor of lightning, and the conduct-
ing power of the flock is increased by its
numbers : and

ndly—The wvapour 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.  Ist—Because the number of living
bodies increases the conducting power of
their animal fluids : and
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2ndly—The wvapour arising from a
herd increases its conducting power.

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

A. Any place about 20 or 30 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 1t to ws.

Q. If a person be in A CARRIAGE n @
thunder-storm, tn what way can he travel most
SAFELY 7

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. Why is the MIDDLE of a room more safe
than any other part of it, in a thunder-storm ?

A. Because the lightning (1f 1t 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 @ MATTRESS, BED, 07 HEARTH-RUG
a security, to a certain extent, against njury jfrom
lightning ?

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

Q.  Isan 1RON BEDSTEAD dangerows in a storm?

A. No; foritis so good a conduec-
tor that the electricity would pass down
it 1n preference to the animal fluids.

Q. [Is @ man in METAL ARMOUR in danger
Jrom lLightning ?

A. No; for the armour is so good a
conductor, that the electricity would pass
along 1t 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
inerease the danger from lightning ?
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A. Because they offer strong induce-
ment to the electricity to take them wn uts
path, but do not extend far emough 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, 1s
to stand about 20 feet from some tree,
and get completely drenched to the skin.

Q. Why 1s it better to be wET than dry in a
storm ?

A. Because wet clothes will conduct
the discharge harmlessly over the surface

of the body.

Dr. Franklin found that he could not destroy a wef 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 ?

A. 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 are all num-

bered.”
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N. B. No great danger needs really to be apprehended from
lightning, if you avoid taking your position near tall trees, spires,
or other elevated objects.

Q. What 13 @ LIGHTNING-CONDUCTOR ?

A. A metal rod fixed in the earth,
running up the whole height of a build-
g, 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 purpose ?

A. Copper.

Q. Why is 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—It 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 obstracted,

The following numbers express the relative value of several
kinds of metal, in conducting electricity :

Lead 1.—Iron 22.—Zinc 4.—Copper 12.—Copper 1is, there-
fore, 5 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 ¥AR does the benejicial mﬂuﬂnce of
a lightning-conductor extend ?

A. This has not been accurately
deterp:uned but one conductor will
sufficiently protect a building of ordinary

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

A. DBecause 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 ?

A. Not if the rod be thick enough to
conduct 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 somewhat thicker.

Q. How does LIGHTNING sometimes ENOCK
DOWN houses and churches?
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A. The steeple, or chimney 1s first
struck; the lichtning 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 1ts 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 1t 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 wn a straight course ?

A. Because 1t always takes in its
course 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 1mmediately after thunder-storms :
although in 58 specimens, collected at
other times, no traces could be found.

Q.  What is 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
Jrom, that are formed into nitric acid by lightning ?

A. 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 ?

A. Inachemical union, the properties
of the mingled bodies are altered. In a

mechanical admixture, they are not.

Different coloured sands shaken together in 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. Because 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 acid gas,
a combination of oxygen and nitrogen, possessing a smaller
proportion of the latter element than nitric acid.

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

A. Because, if beer be mew 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 xor OLD BEER and strong PORTER
made soUR by lightning ?

A. DBecause the fermentation is more
complete ; and, therefore, is less affected

by electrical mfluence.

€ Why 1is METAL Sometimes FUSED by
lightning ?

A. Because the surface of the metal
1s too small to afford a path for the
electric current.

D 2
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Q. Why does LIGHTNING PURIFY the ATR?

A. For two reasons: 1st—Because
the electric fluid produces nitric acid
1n its passage through the air: and

2ndly—Because the agitation of the
storm sturs 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 LiGHINING more common in
SUMMER and AUTUMN, than in spring and winter ?

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 generally
Sollow very dry weather ?

A. Because dry aiwr (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 combined, but 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 7rarely
succeed wet weather ?

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

Q. Why is ELECTRICITY excited by FRICTION ?

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

from each other.

When this disturhance takes place, the two fluids are said fo be
in “a free state.”

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

A. DBecause 1t obstructed the course
of the electric fluid, in its way to the
earth ; and when electricity 1s obstructed
in 1ts path, 1t gives out great heat.

This would be especially 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
quite off by a flash of lightning ?

A. DBecause some obstruction is offer-
ed to the electric fluid in 1ts passage down
the tree, and the bark 1s ripped off by the
mechanical violence of the resisted flash.

D 3
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Q. Why are BovGES of TREES broken off by
lightning ?

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

Q. Why is 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) 1s caused by the fluid
leaping from one bone to another.

Q. Iselectricity accompanied with any oDOUR ?

A. Yes; near a large electrical ma-
chine 1 good action, there is always a
peculiar odour, resembling sulphur and
phosphorus ; thisodouriscalled ‘“OzoNg.”

Pronounce 0-ZONE, in two syllables.
Q. Has this peculiar odour, called ** OzoNE,”
been observed in thunder-storms ?

A. Yes; at times the sulphurous odour

prevails, and sometimes the phosphoric.

If the gaseous body disengaged by lightning, reaches us in
a concentrated form, the odour is SULPHUROUS; if in a diluled

form, it is PHOSPHORIC.
Q. What are Fur/GURITES ?

A. Hollow tubes produced in sandy
soils by the action of lightning.
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Q. How does Lightning produce fulguriles ?

A. When 1t 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 TRON 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 1t 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, 1s made to
point towards the north.

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

A. The electric fluid 1s conveyed
along the conducting wires round the
telegraphic needles.
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CHAPTER III.

Q. What is the THIRD sowrce of heat ?
A. CuHEMICAL AcCTION.

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

A. Many things, when their chemical
constitution 1s 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 tllustration what you mean.

A. Wateris cold and sulphuric acid is
cold; butif these two cold liquids be mixed
together, they will produce great heat.

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

A. Because the water wunites with
the lime; and becoming solid, gives off
that heat, which was necessary to retain
1t in a fluid state.

N.B. Heat is always evolved, when a fluid is converted info a
solid form. Heat is always absorbed, when a solid is changed into
a liguid state.

).  Where does the heat come from ?
A. It was in the water before; but
was 1n a latent state.




LATENT HEAT. 33

Q. Was there heat in the cold water and
lime, before they were mizved together ?

A. Yes. All bodies contain heat;
the coldest ice, as well as the hottest fire.

Q. Is there HEAT even in TCE ?
A. Yes; but it i1s latent (1. e. not
perceptible to our senses).
Latent, from the Latin word, Lafeo, (to lie hid).

Q. How do you xNow there is heat, if you
cannot PERCEIVE it ?

A. Thus:—Ice1s 32 of temperature,
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.

1. e. it will be only 320, and not 172, by the thermomete,.

Q. What becomes of the 140° of heat which
went 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 1n different
substances; but in water, as much as
1140° of heat may remain latent.

* 320, 1, e. 32 degrees ; 1400, 1. e. 140 degrees, &e.
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Q. How can 11400 of heat be added to water,
without being perceptible to our feelings ?

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

Andly—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, (2120 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 converted into steam, 10000 of heat become latent. Hence,
}Jefore ice is converted into steam, it must absorb 11400 of latent
1eat,

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

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 warm
- In comparison to it.

Q. Is sAur and swow 7really 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.
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Q. What is r1RE !
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 1s liberated, when water 1s poured
upon lime, by chemical action; so latent
heat 1s liberated in combustion, by chem-

1cal action also.
Q. What cHEMICAT AcTION takes place in
combustion ?

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

oxygen of the air.
Q. Whatismeant bythe * ELEMENTS of FUEL ?”

A. The chemical elements of which
the fuel i1s composed, named ecarbon,
hydrogen, and oxygen.

Q.  Whatarethe ELEMENTS of atmospheric AIR?

A. Oxygen and nitrogen, mized toge-
ther 1n 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 1s cArBON ?

A. The solid part of fuel. Carbon
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abounds in all animal bodies, earths,
and 1n some minerals.

Q. Mention some different species of CARBON.

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

Q. What 1s HYDROGEN ?

A. An inflammable gas. The gas
used In our streets i1s hydrogen driven
out of coals by heat.

Coal gas (more correctly speaking) is carburetted hydrogen,
i. e. carbon and hydrogen. See p. 293.

Q. What arethecharacteristicsof hydrogengas?

A. 1st—Itisthe lightest of all known
substances :

ondly—It will burn immediately it is
ignited : and

3rdly—A lighted candle (immersed 1n
it) will be instantly extinguished.”

* Hydrogen gas may be made thus:—Put some pieces of zine
or iron filings iuto a glass: pour over them a little sulphuric acid
(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 xxPrLOsION will be made.

If the experiment be tried in a phial, which has a piece of
tobaceo pipe run 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 0OXYGEN?
A. A gas, much heavier than hydro-

gen: 1t gives brillianey to flame, and is
essential to animal life.*

* Oxygen gas is much more troublesome to make than hydro-
en. The cheapest plan is to put a few ounces of manganese
(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 throngh 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 in 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 of copper may be procured by heating a sheet of copper red
hot, and when cool, striking it with a hammer; the scales that
peel off, are oxide of copper.)

Exe. 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. '

(Burning sulphur emits a dlue flame, when immersed in oxygen

gas.)

E
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Q. What is NITROGEN ?

A. An invisible gas, which i1s the
principal ingredient of common air; it
abounds 1n animal substances: The fol-
lowing are its characteristics ;

1. It will not burn;

2. Itwill not support combustion ; and

3. An animal cannot live 1n it.

Nearly 4 gallons out of every 5 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 fuel ?

A. The hydrogen gas of the fuel

* 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 in the water.) In a few
minutes the oxygen 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 fame which will arise and be absorbed by the
water in this experiment, is phosphoric acid; i.e. phosphorus com-
bined with oxygen oi the air.)
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(being set free and excited by a match)
unttes 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 blue—of carburetted hydrogen yellow.

Q. What s CARBONIC ACID GAS?

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

Q. Why does FIRE produce HEAT ?

A. Because it liberates latent heat
from the air and fuel, by chemical action.

Q. What cHEMICAL CHANGES tn awr and fuel
are produced by coMBUSTION ?

A. 1st—Some of the oxygen of the
~air, combining with the hydrogen of the
fuel, condenses 1nto 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 HOT?

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. E 2
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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 REp HOT 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 wnflammable
gases, and much of the solid fuel, have
been consumed already ; so that there 1s
less food for combustion.

Q. What s sootr?
A. Unconsumed carbon of the fuel
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separated from the solid mass, and
carried up the chimney by currents of
hot arr.

Q. What is SMOKE ?

A. Unconsumed 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
exhalations, and minute pieces of carbon.

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

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

Q. W.&y 18 there so LITTLE SMOKE with a RED
HOT FIRE P

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

Q. Why are there DARK and BRIGHT SPOTS
tn @ CLEAR cinder fire ?

A. DBecause the wntensity of the com-
bustion 1s greater in some parts of the fire,
than it 1s 1n others.

E 3
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Q. Why is the intensity of combustion in a
COMMON fire S0 UNEQUAL ?

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

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

A. DBecause 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 1t 1s 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 1s 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
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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 top of the coals ?

A. Because every blaze tends wup-
wards ; 1f, 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 coar be placed ABovE the
wood P
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A. DBecause otherwise, the flame from
the wood would not rise through the coal,
to heat 1t.

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

A. That the flame may ascend through
the fuel to heat 1t. If the fire were
kindled from the top, the flame would not
come n contact with the fuel placed
below.

Q. Why does coaL make such EXCELLENT
FUEL?

A. DBecauseit containsa large amount
of carbon and hydrogen gas, 1n a compact
and convenient form.

Q. Why will cinders become RED HOT more
quickly than coALs?

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
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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
@s COALS ?

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

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
they burn feebly.

Q.  Why will not wer KINDLING light a fire ?

A. 1st—DBecause the moisture of the
wet kindling prevents the ozygen of the
awr from getting to the fuel ; and

Andly—The heat of the fire is per-
petually drawn off, by the conversion of
water 1nto steam.

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

A. Ist—DBecause none of its heat is
carried away by the conversion of water
into steam ; and

Andly—The pores of dry wood (being
Julled with air) supply the fire with oxygen.
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Q. Why does SALT CRACKLE, when thrown
into a FIRE P

A. Salt contains water. The crack-
ling of burning salt is owing to the
bursting of the crystals, when the water
is converted 1nto steam.

Q. Why will not wood or paper burn if

steeped in a solution of PoTASH, phosphate of LIME,
or AMMONIA (hartshorn)?

A. DBecause any “alkali,” (such as
potash) will arrest the hydrogen which
escapes from the fuel, and prevent 1its
combination with the oxygen of arr.

Q. What is an al'kalv?

A. A substance which will neutralize

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

an alkali may be detected thus ;—Vegi]etuhie blues will be turned
green by it; and turmeric paper will be turned &rown by it.

Q. Why does a sk of FLAME sometimes burst
into the room through the BARS OF A STOVE !

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 1t passes.

Q. Does the JET of GAs ever escape unburnt 2
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A. Yes. If the gas passes at once
into the air, or over coals not sufficiently
heated to 1gnite 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 ecarbonic
oxide), which burns with a blue flame.

Q. Why is the FLAME of a fire or candle
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 is vicuT ?
A. Rapid undulations of a fluid called
ether, striking upon the nerve of the eye.

Q. How does comBUsTION make these undula-
tions of vLIGHT?

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 1s produced by undula-
tions of air striking on the car: 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 LIGHT is not altogether satisfactory; but
has been retained, 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. Whyis @ 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 is 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, 1ts combustion s perfect,
and the light intense ; if not, the light is
obscured by smofe.

Q. Why will 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 1s not combustible.

Q.  Where does the carburretited 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.)

Fael which will not blaze (as coke, cinders, charcoal, &e.) is

devoid of 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 rrosty
NIGHT, than upon any other ?

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

F
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2ndly—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 thevolatilegases aremore
quickly consumed ; and the solid carbon
is plentifully supplied with ozygen from the
air,to make 1t burn brightly and intensely.

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

A. Because the air is colder in winter,

than 1t 1s 1n summer.

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

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

2ndly—Condensed air, being heavy, .
falls more rapidly mto 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 out ?

A lst»—Because the‘ air  (bengy
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rarefied by the sunshine) flows more slowly
to the fire ; and

2ndly—The chemical action of the
sun’s rays 1s 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 ravefied air afford LESS NOUR-
ISHMENT 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—DBecause the air out-of-doors
18 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 DENSE
than that in-doors ?

A. Because it has freer circulation ;
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and, as soon as any portion has been
rarefied, 1t 1nstantly escapes, and is
supplied by colder currents.

Q.  Why does not a ¥1IRE burn so freely in a
THAW, as 1 @ FROST ?

A. Because the air 1s laden with
vapour ; 1n consequence of which, it
both moves too slowly, and 1s too much
rarefied to nourish the fire.

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

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

Q. Whydoes a pair of BELLOWS get a fire up ?

A. Becauseitdrivestheawrmorerapidly
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 wvery small wick, from which
it is severed by the breath; and (being
unsupported) must go out.
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Q. Why 13 @ SMOULDERING WICK sometimes
RE-KINDLED by blowing it ?

A. Because air is carried to 1t by the
breath with great rapidity ; and the oxy-
gen of the air kindles the red-hot wiek,
as it would kindle charred wood.

Q. Why is not the red-hot wick kindled by
the atr AROUND 1, without BLowWING ?

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
alr contalns more oxygen, when 1t 1s
condensed by the cold.

Q. Why does a POKER, LAID ACROSS a dull
FIRE, revive it ?

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

2ndly—Air 1s directed between the
poker and the coals, and a slight draught
created.

Q. Why are the grates of modern STOVES
 Sized near the ¥r.OOR of a room ?

F 3
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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 fixved
higher up ?

A. Noj; 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 sit close by a good fire: explain the reason of

this.
A. Because cold air rushes through

the crevices of the doors and windows
along the bottom of the room, to supply
the place of that heated by the fire which
ascends with the smoke; and these
currents of cold air, rushing constantly
over our feet, deprive them of warmth.

Q. If a piece of PAPER be laid FLAT on a clear
fire, it will NOT BLAZE, but CHAR. Why so 2

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 earbonic acid
gas will neither blaze, nor allow combus-

tible matter surrounded by 1t to do so.

Q. If you BLow the paper, or open the door
suddenly, it will Buazw tmmediately. Why so ?

A. Because the carbonic acid 1s dissi-

pated, and the paper fanned into flame.
Q. Why does WATER EXTINGUISH @ FIRE ?

A. Ist—DBecause 1t 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. A4 LIITLE WATER makes a fire FIERCER,
while @ LARGER quantity of water puls it oUT:
explain how thas 1s.

A. A httle water 1s readily converted
immto steam, which increases the heat
of a fire; but water plentifully supplied
1S 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,
it will increase its entensity.

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 water SLACKEN
the heat of fire ?

A. Yes, till it vs converted wnto steam ;
it then increases the intensity of fire.

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

A. Because it 1s already hot, and a
very little extra heat will throw it into
flame.

Q. Why does the EXTRA heat revive the fiame 2

A. DBecause it again liberates the

hydrogen of the tallow, and ignites 1t.
Q. Cannot wooD 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 v:rill blaze,
even though it does not touch it.
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Q. Whi will woop BLAZE, even if it does not
touch fire ? !
A. Because the heat of fire drives

out the hydrogen gas of the wood ; which
gas is inflamed by the fire.

Q. Why will @ NEIGHBOUR'S HOUSE Ssome-
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
bricks of the house on fire.

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

Q. What 18 coxg?
A. Coal freed from its volatile gases,
by the action of artificial heat.

Q. Why does ARxorr’'s STOVE sometimes
SMELL very strongly of SULPHUR ?

A. Because coke contains sulphur;
and whenever the draught 1s not rapid
enough to driwe the sulphur up the flue,
1t 18 emitted into the room.

Q. What i3 meant by SPONTANEOUS COMBUS-
TTON ?
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A._ Qr}mbustion produced without the
application of flame.

Q. Give an ewample 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 ? .

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

Q. Why does this produce spontaneous com-
bustion ?

A. DBecause 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
1§ produced by chemical action,—a slow
combustion ensues,—till at length the
whole pile bursts mmto flame.

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

A. DBecause the heat produced cannot
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escape through the massive pile; 1t
therefore accumulates, and raises the
temperature of the heap.

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

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

Q. Why will a hay-stack catcH FIRE, if the
hay be damp ?

A. DBecause damp hay soon decays,
and undergoes a state of fermentation,

during which great heat 1s produced,
and the stack catches fire.

Q. Isthemavin 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. ltmaybetaken downandre-formed
into a stack after it has been further dried:

or a 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. DBecause 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 1it.

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

A. Because the heavier cold amr 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 fire, and
the hot air in the chimney flue.

Q. Why s 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 is there between
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the ascending current, and the air which
presses 1t up the chimney.

If chimneys are too high, in comparison with {he size of the fire,
the ascending air gets cold belore it reaches the top: and the *
draught is injured.

Q. Why do smoigE 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 jram the
funnel of a railway engine ?

A. Because condensed steam alone
escapes from the railway engine, which
1s 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 sout
can take place.

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

Q. Why does a “ FURNACE-FIRE” DRAW up
more fiercely, than an orPeN stove ?

A. DBecause the air, which sup-
plies the fire, must pass through the
G
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furnace ; and, as it becomes exceedingly
heated, rushes up the chimney with great
violence.

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

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

Q. Why is the ROAR less if the furnace DOOR
be thrown OPEN ?

A. Because fresh aiwr gets access to
the fire more easily; and, as the air is not
so intensely heated, its motion 1s 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 chunney to
supply the deficiency, driving the smoke
along with 1t.

Q. What things would prevent air from being
supplied as fast as it is conswmed by the fire ?

A. Leather 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 ?
. A. DBecause it can get to the fire 1n
no other way, if the doors and windows

are all made awr-tight.
Q. What is the best REMEDY tn such a case ?

A. The speediest remedy 1s 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 dr a.ughts

and cold feet.

Q. Why is a cHIMNEY raised so high above
the roor ?

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

Q.  What s meant by the FUNNEL or FLUES
of a chimney ?
A. That part of a chimney through
‘which the smoke passes.
| G R
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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 1s always 1n
proportion to the quantity of oxygen with
which 1t 1s supplied.

Q. Does the pRAUGHT of a chimney depend on
the sPEED of the sMOKE through the flue ?

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

Q. Why are the CHIMNEYS of MANUFACTORIES
made so very LONG ?

A. Toincrease theintensityof thefire.

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

Q. Why is the INTENSITY of @ fire increased
by LENGTHENING @ 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 a SMALLER OPENING above the
stove, PREVENT a chumney's SMOKING 7

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 shoriness
of the flue. |

Q. Why will @ RoOM SMOKE, if there be Two
FIRES n it ¢

A. Because the fiercerfire will exhaust
the most air; and may draw from the
smaller one, to supply 1ts demand.

This inconvenience does not arise in large rooms, with fire
properly adjusted.

Q. Why will a chimney sMokE, if there be a
FIRE i1 TWO ROOMS communicating with each other ?

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

G 9
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fire to supply the other; and both rooms
will be filled with smoke.

Q. What s 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 so often smoke ?

A. Because thewind (striking against
the steeple) us reflected back ; and, rushing
down the vestry chimney, forces the
smoke wnto the room.

Q. WaaT winps make vestry chimneys smoke ?

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

Q. Why will EAsT winds make VESTRIES
SMOKE, more than west winds ?

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

N. B. The sfeeple of a church is always due wesf, and the ofher
end of the church due east; if, therefore, a wes? wind were fo
rebound, it would rebound to the west, (or away from the church)
and not fowards it. ’
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|
| Q. Why does a HOUSE 1 a VALLEY very often
SMOKE 7

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

Q. What ts the common REMEDY wn both these
cases ?

A. To fix a cowl on the chimney-top,
to turn like a weather-cock, and present
1ts back to the wind.

Q. Why will not @ cowr. always PREVENT &
chimﬂey SMOKING !

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

Q. Ads a cowlis 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
can enter the flue.

Q.  Ifachimney fluebe 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. Inwhat oTHER cases will @ 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 a CHIMNEY SMOKE, tf the DOOR
and stove are both on the SAME SIDE ?

A. Because (whenever the door 1s
opened) a current of air will blow obliquely
into the chimmey-place, and drive the
smoke 1nto the room.

Q. What REMEDY can be applied-to this evil 2

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 mnto
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 @ CHIMNEY SMOKE, if it be 0UT
OF REPAIR ?

A. 1st—DBecause the loose mortar and
bricks obstruct the smoke : and

ondly—Cold air (oozing through the
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chinks) chills the air in the chimneys, 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 avr (oozing through
the joints) chills the air wn the flue, and
prevents its ascent.

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

A. Because the opening 1s 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 uts temperature, that
1t ascends very slowly, and the draught
1s destroyed.

Q. Why does a chimney smoke, if the
DRAUGHT be SLACK ?

A. DBecause the current of air up the
chimney 1s not powerful enough to buoy
up the smoke through the flue.

Q.  If the opening of « 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 118 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 CHIMNEYS SMOKE in
GUSTY weather ?

A. Because the column of smoke 1s
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 1s 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

9ndly—By lengthening the flue, and
increasing the draught.

Q. Why do 1IN BLOWERS help to get a fire up?
A. Because they compel the air to
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go through the fire, and not over it; in
consequence of which, the fire 1s 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. Whyis a fire better supplied with oxygen
while the blower hangs before vt ?

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 i1t with oxygen.

Q. Why does a parlour often sMELL disagree-
ably of s0OT 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 ¢f PUBLIC OFFICKS
generally BLsck and filthy ?

A. Because the heated air of the office
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carries up the dust and fine soot; which
1s deposited on the ceiling.

Q. Why are soME parts of the ceiling
BLACKER and more filthy than olhers ?

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. Whatis cCHARCOAL ?

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 @ CHARCOAL FIRE hotter than a
wood fire ?

A. Because charcoal is nearly pure
carbon, while wood contains other ele-
ments; and, as 1t is 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 ?

A. Because 1t absorbs all putrescent
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| effluvia, whether they arise from animal
| or vegetable matter.

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

A. DBecause 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
wnside ?

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

Q.  Why does a piece of BURNT BREAD make
umpure 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 roasT and WATER, placed by
the side of the sick, be made of BURNT bread ?

A. Because the charcoal surface of
H
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burnt bread prevents the water from
being affected by the impurities of a
sick room.

Q. Why are TIMBERS, which are to be exposed
to damp, CHARRED ?

A. Becausecharcoal undergoesnochange
by exposure to air and water: 1n conse-
quence of which, timber will resist weather
much longer, after it has been charred.

Q. Why are rosts, which are fixed in the:
ground, CHARRED ?

A. Because charred wood resists:
decay, (which would otherwise affect the:
part underground,) from the moisture of!
the earth.

Q. What precaution is necessary in charring)
posts ?

A. To continue the ¢ charring” be--
yond the part buried in the ground;;
lest the post should decay at the base,
from rain and other moisture on the

earth’s surface.
The post should 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
‘wolatile part is hydrogen gas.

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

Q. What is cARBON ?
| A. A solid substance, generally of a
 black colour; well known under the

|
| forms of charcoal, lamp-black, coke, &c.
| Q. What is HYDROGN 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. 203.

Q. A caNDLE BURNS when lighted.—Eaxplain
how this 1s.

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

— ——————

* Directions for making hydrogen gas are given on p. 37.

H 2
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Q. How are vapour of water and carbonic
acid gas formed from the burning tallow or waz 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 18 CAPILLARY ATTRACTION ?

A. The power which very minute
tubes possess, of causing a liquid to rise

1 them above 1its level.

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

Water ascends through a lnmp of sugar, or piece of sponge, by
capillary attraction. N.B. The smaller a tube, the higher will a
liquid be attracted in it.

Q. Why is the rLAME of a candle wor ?
A. Because 1t liberates latent heat
from the air and tallow.

Q. How is LATENT HEAT liberated by the
Slame 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. (Sce p. 47.)

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

A. The flame consists of three cones:
The inner or hollow cone, in which no
combustion takes place;—the nterme-
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
1s principally burned.

Q. Why does the INSIDE of the flame appear
 HOLLOW !

A. Because it is filled with invisible
vapour raised from the candle by the
heat of the wick ; which cannot be burnt

unless in contact with the air.
H 3
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Q. From which part of the flame 1s the
greatest illuminating power derived ?

A. From the wntermediate cone, in
which the burning gas raises the particles
of carbon to a white heat; upon which
the illumimating 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
greateraffinity for hydrogen than for carbon ;
and that which penetratestothispartof 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 awr from getting treely
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, 1s 1mme-
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 BotToN 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 1s the FLAME of a candle POINTED at
the top, like a cone ?

A. Because, as the cone of heated
vapour rises, 1t 1s consumed; and 1its
surface being diminished, a pointed form
1s given to the flame.

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

Q. Why is the FLAME of a candle BLOWN
out by a puff of breath ?
A. Because 1t 1s 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” is
made, by the combination of the hydrogen
of the tallow with the oxygen of the air ;
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which 1s condensed by the cold glass,
held above the flame.

Water is composed of oxygen and hydrogen gases, chemically
united.

Q. Why does the hand, held ABovE a candle,
suffer morve from heat, than when it is placed
BELOW the flame, or on oNE SILE of it 2

A. DBecause the ascending heated air
comes in contact with the hand placed
above the flame; but when the hand 1s
placed below the flame or on one side, 1t
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 Zof air.

Q. Whyis a RUSH-LIGHT extinguished more
quickly, than a cotton-wicl 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 1is, therefore, smaller,

and more easily extinguished.
Q. Why is it more difficult to blow out a
coTTON wick, than a rush-light 2

A. Because porouscotton 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 1s with more difficulty

extinguished.

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

A. DBecause 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 theair in theextinguisher

18 soon exhausted of its oxygen by the
- flame: and when there is mo oxygen,

flame goes out.

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

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

2ndly—The flame 1nvests the inside of
the paper extinguisher with carbonic acid
gas, which prevents 1t from blazing.
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Q. Why isa LONG WICK never upright ?
A. Because it is bent by its own
weight.

Q. A 1oNG WICK s covered with an EFFLO-
RUSCENCE al the top.— What does this arise from ?

A. This knotty or flowery appearance
arises from an accumulation of charred
particles ot 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 uND of a long wick burnt
off, as it hangs over the flame ?

A. Because the length and thickness of
the unburnt wick so dvminishes the flame
and checkscombustvon,thatthere 1s not heat
enough to consume the charred particles.

Q. Why do the wicks of Palmer's candles
never require snuffing ?

A. Because the wick 1s divided 1nto
two or more parts, which, with the assist-
ance of a fine wire twisted with the cot-
ton, spread and project beyond the flame;
where they are readily consumed.

Immediately the wick reaches the oufer core 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 ? ' *
A. Because the wick 1s surrounded

by the outer cone of the flame, which
prevents a sufficient supply of oxygen to
cause complete combustion.

Q. Why do wax and composile candles never

require snuffing ?

A. DBecause the wick 1s so platted as
to bend into the outer cone, where it 1S
completely consumed.

Q. Why s 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 @ CANDLE ?

A. Solidparticlesof 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 wn-
terior parts, whence much of the carbon
passes off in smoke.

The combustion of the carbon depends upon its combining wilk
the oxygen of the air.

Q. Why do LAMPS SMOKE ?
A. FEither because the wick s cut
unevenly, or else because 1t is turned up

too hagh.
Q. Why does a .ANP SMOKE, when the WICK
i$ 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
s turned up too H1GH ?

A. DBecause 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 jlame ; 1 con-
sequence of which, the carbon of the
interior is consumed, as well as that in
the outer coating of the flame.



-

LAMP GLASSES. 85

Q. Why does @ LAMP-GLASS DIMINISH the
SMOKE of a lamp ?

A. 1st—DBecause 1t 1increases the
| supply of oxygen to the flame, by produ-
eing a draught; and

2ndly— It concentrates and reflects the
heat of the flame; in consequence of
- which, the combustion of the carbon 1s
| more perfect, and very little escapes
unconsumed.

CHAPTER VL

e ————

ANIMAL HEAT.

—

Q. What s the cause of ANIMAL HEAT ?

A. Anmmal heat 1s produced by the
combustion of hydrogen and carbon in the
capillary vessels.

Q. What are cAPILLARY VESSELS ?

- A. Vessels as small as hairs running

all over the body ; they are called capillary
I

|
|
|
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from the Latin word ¢ capillaris” (like a
har.)

Q. Do these CAPILLARY VESSELS 7UnR all over
the human body ?

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

Q. How do HYDROGEN gas and CARBON get
into these very minute vessels ?

A. The food we eat is converted wnto
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 CARBONIC ACID GAS,
formed in the human blood ?

A. The lungs throw off almost all of

it into the air, by the act of expiration.
Q. What cas s generated in @ common FIRE
by COMBUSTION?
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A. Carbonic acid gas,—formed by the
union of the carbon of fuel with the
oxygen of air.

Q. What cas is generated by a lighted cax-
DLE 0r LAMP?

I 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. Itisproduced by a species of slow
combustion in the body.

Q.  Does the HEAT of the HUMAN BODY arise
Jrom the saME causk as the heat of FIRE ?

A. Yes, it does. The carbon of the
blood combines with the oxygen of the air
wnhaled, and produces carbonic acid gas.

Q.  Ifanimal heat is produced by comBUSTION,
why does not the human body BURN UPp like a coal
or candle ?

A. ltactually does so. Everymuscle,
nerve, and organ of the body, wastes
jaway like a burning lamp ; and (being
reduced to air and ashes) is rejected from
‘the system as useless.

I 2
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Q. If every bone, muscle, nerve, and organ, is
thus consumed by combustion, why ts not the body
entirely CONSUMED ?

A. Tt would be so, unless the parts
destroyed were perpetually renewed : but
as a lamp will not go out, solong asitis
supplied with fresh oil ; mneither will the
body be consumed, so long as it 1s sup-

plied with sufficient food.

Q. What is the principal difference between
the combustion of a FIRE or LAMP, and that of the
HUMAN BODY T

A. Inthehumanbody,thecombustion
1s 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 things. For
example, a little piece of phosphorus will ignite, if it gets by
accident under the nail.

Q. How is it, that carbon can be made to burn

at so LOW a temperature 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 1s supplied.

(). When a man is STARVED, what parts of |
the body go first 2

= R R T
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A. First the fat, because 1t 1s the
most combustible; afterwards themuscles ;
and then the man dies, like a lamp
which s burnt out.

Q. Why does WANT of sufficient NOURISHMENT
often prodiuce MADNESS ?

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

Q. Why does @ man sHRINK, when STARVED ?

A. Because the capillary fires feed

upon the human body, when they are not
- supplied with food-fuel. A starved man
shrinks just as a fire does, when it is not
supplied with fuel.

Q. What s the vuEL of the BopY ?

A. Food isthe fuel of the body. The
carbon of the food, combining mth the
ozygen of the air, evolves heat, i the
same way that a fire or candle does.

Q. Why is BVERY part of the BobY WARM ?
~ A. Because the capillary vessels run
‘through every part of the human body,

I3
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and the combustion of blood takes place |

in the capillary vessels. (See p. 88.)

Q. Why does RUNNING make us warm ?

A. Because we inhale more air, and
cause the blood 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 eir 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 respu-
ration ; by which means, a larger amount
of oxygen 1s 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 or il 2

—— e m— e L ommmm—w
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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 wncrease respiration ;
| and, as more oxygen is introduced into
the lungs, our food-fuel is more rapidly
| consumed.

Q.  Why do we feel less HUNGRY in the night,
~ than in the day ?

A. Because we breathe more slowly

during sleep ; therefore, less oxygen is

mntroduced into the lungs, to consume
our food-fuel.

Q. Why do we need WARMER CLOTHING by
| NIGLT, than by DAY ?

- A.  Ist—Because the night is 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 1AZY and averse to
exercise, when they are HALF-STARVED 07 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 0UT-

OF-DOORS OCCUPATIONS, More APPETITE than those
who are engaged in SEDENTARY pursuils ?

A. DBecause hard bodily labour in the
open air causes much oxygento be conveyed
into the lungs by wnspiration ; the com-
bustion of the food is carried on quickly;
animal heat increased ; and meed for
nutritious food more quickly indicated by
craving hunger.

Q. Why have persons, who follow SEDENTARY

PURSUITS less APPETITE than ploughmen and
masons 7

A. 1st—Because the air they inhale
is less pure, being deprived of some of 1ts
oxygen : and

e ——.
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. 2ndly—Their respiration is neither so
quick, nor so strong ; and, therefore, the
combustion of their food i1s carried on
more slowly.

Q. Why do we like strong MEAT, and GREASY
food, when the weather is very corp ?

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)
I 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 amimal 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. Ist—DBecause the air contains
more oxygen 1n cold weather ; and, there-
fore, fires burn more fiercely, and animal
combustion is more rapid : and
~ 2ndly—As we are more active in cold
 weather, our increased respiration acts
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like a pair of bellows on the capillary
combustion.

Q. Why does rapid DIGESTION produce a
craving APPETITE ?

A. This 1s 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—Because activity increases
the warmth of our body, by fanming the

combustion of the blood : and

2ndly—The strong food we eat creates

a desire for muscular exertion.

Q. Why are the Esquimaua so passionately

fond of TRAIN O1L 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 thewr food.

Q. Why dowe feel a DISLIKE to strong meat.

and greasy food in very HOT weather ?

i e
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A. Because strong meat and grease
contain so much carbon and hydrogen,
that they would make us intensely hot :
we, therefore, instinctively refuse them
in hot weather,

Q. Why do we like ¥FRUITS and VEGETABLES
most in 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. Why is our blood of a less COMBUSTIBLE

nature, 1f we live chiefly upon rruUITS 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
he BLOOD ?

A. 1st—They diminish the amount

£ carbon and hydrogen in the blood,
hich are the chief causes of animal
eat: and

Rundly—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

in very HOT weather ?
A. 1st—DBecause muscular activity

increases the heat of our body, by
quickening respiration : and

2ndly—The food we eat 1n hot weather
(not being greasy) naturally abates our
desire for bodily activity.

Q. Why do the inhabitants of TROPICAL

countries lve chiefly upon rick 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 ave the 1L1L-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 scientific fact mentioned above.

Q. Why does the frequent use of BATHS
generally tend to improve health ?
A. Because it keeps the pores of the

body free from obstruction ; and promotes

F
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a healthy performance of the functions
of the skin.

Q. Why are very PooRr people instinctively
| AVERSE {0 VENTILATION ?

A. 1st—DBecause ventilation increases
the amount of oxygen in the air,—the com-
bustion of food, and the cravings of
appetite : and
 Rndly—Ventilation cools the air of a
room : to poor people, therefore, who are
ill-clad, the warmth of an ill-ventilated
apartment 1s 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 theybreathe 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 minute 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. TWhy 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 @ DEAD BODY COLD ?

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

generated by combustion.

CHAPTER VII.

e —

MECHANICAL ACTION.

I.—PERCUSSION.

Q. How ts heat produced by MECHANICAL
ACTION 7

A. 1.—By Percussion. 2.—By Fric-_:
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tion. 3.—By Condensation. And 4.—
By Electricity.

Electricity only produces heat, when it meets with a bad
conductor. I'riction 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 TRON make it RED-HOT ?

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

sensible.

As a general rule sensible heat is evolved by condensation, and
absorbed by expansion.

Q. Does coLD tron contain HEAT ?

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

Q. What ts meant by LATENT HEAT ?

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

Q. Does coLp wron contain latent HEAT ?

A. Yes; and when a blacksmith
compresses it by his hammer, he brings

K 2
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out latent heat ; and this makes the iron
red-hot.

Q. How used blacksmiths to vicaAT their
MATCHES, before the general use of lucifers ?

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

Q. How can a watn (beaten by a hammer)
IGNITE G 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 senstble, and increases the tem-

perature of the iron.

Q.  Why does STRIKING @ FLINT against a piece
of STEEL produce a SPARK ?

A. DBecause i1t compresses those parts
of the flint and steel, which strike together :
In consequence of which, some of their

latent heat 1s% disturbed, and exhibits

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

o TEE SRS S I ST N — e

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 1t falls.
Q. Why is it needful to keep BLOWING the
TINDER wilh 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 oxXyGEN of the air COME
FROM, which is blown to the lighted tinder ?

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

Five gallons of common air cunlfuu nearly 4 of nitrogen, and 1
of oxygen mired tﬂg{*ther but not chemically combined.

Q. What ts the usE of 0XYGEN Gas to lighted
tinder ?

A. 1t supports the combustion of the
 tinder. Blowing lighted tinder carries
oxygen to 1t and quukcns 1t, In the same
way as a pair of bellows qulckens a dull

fire.

Q. Why do HORSES sometimes STRIKE FIRE
with their FEET ?

A. Because their iron shoes strike
-against the flint-stones of the road; and
‘very small fragments are knocked oﬁ' red-
hot, and look like sparks.

E 3
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Q. What makes these fragments RED-HOT ?

A. The percussion condenses the part
struck: In consequence of which, some
of 1ts latent heat 1s rendered sensible, and
exhibits itself in these red-hot fragments.

CHAPTER VIIIL

—

2. —FRICTION.

Q. What 1s meant by FRICTION ?

A. The act of rubbing two things
together ; as the Indians rub two pieces
of wood together to produce fire.

Q. How do the Indians produce FIRE, by
merely rubbing Two PIECES of dry wooD ?

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

Q. Why does 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 against mulberry,
or laurel against poplar or ivy.
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Q. Do not CARRTAGE WHEELS sometimes CATCH
FIRE ?

A. Yes: when the wheels are dry,—
or fit too tightly,—or revolve very rapidly.
Q. Why do wheels catch fire in such cases ?

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
the latent heat of the wheels is less dis-
turbed, in consequence of this diminished

friction.
Q. Why does RUBBING our HANDS and FACES
male them feel WARM ?

A. 1st—DBecause friction excites the
latent heat of our hands and faces, and
makes it sensible to our feeling : and

2ndly—The blood 1s 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 DROWNED,
why is suspended anivmation restored by RUBBING ?

A. 1st—Because friction excites the
latent heat of the half-inanimatebody: 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
together) some of this latent heat is made
sensible, and melts the ice.

Q. How are FORESTS somelimes sel on FIRE
by friction ?

A. The branches of contiguous trees
(blown about by the wind) rub violently
against each other, their latent heat is
developed by the friction, and sets fire to
the forests.

Q. Why do carpenters’ tool (such as gimlels,
saws, files, dc.) become BOT when used ?

A. Because the friction of the tools
against the wood disturbs latent heat, and
makes 1t senstble.

Q. @Give an TLLUSTRATION of this.

A. When cannon is bored, the borers
become so intensely hot from friction, that
they would blister the hands, 1t touched.
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Q. Why do these BORERS become so intensely
HOT ?
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
external or mechanical force, is called COMPRESSION.

The reduction of matter into a smaller compass by some infer-
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 1S compressed by
being squeezed in the hand.

Q. Can uEAT be evolved from common air
merely by COMPRESSION ?

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 squirt, the Zandle part (which confains
lhe 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 is 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
i 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 report.

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

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

Q. Why aressoT 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.

EFFECTS OF HEAT.

-

1.—EXPANSION.

Q. What are the principal EFFECTS of HEAT ?

A. 1.—Expansion. 2.—Liquefac-
tion. 3.—Vaporization, and 4.—Ig-
nition.

Q. Shew that BEAT 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 ATR 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 noise, when ROASTED ?

- A. DBecause 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 1t, 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 i two : and

Indly—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 rund,
or snapping of a piece of wood, make a REPORT ?

A. Because a violent jerk 1s given to
the air, when the attraction of cohesion
is thus suddenly overcome: This jerk
produces rapid undulations in the air,
which (striking upon the ear) cause the

sensation of sound.

Q. Why does the escape of awr from the ches-
nut, or the explosion of gunpowder, produce a
REPORT ?

A. Because the sudden expansion of

the imprisoned air, produces a partial




l

ROAST APPLES. 109

vacuum : The report i1s caused by the
rushing of fresh avr to fill up this vacuum.
See Thunder, p. 8.

Q. If a cuesnuT be sLIT, it will Not crack ;
why s this ?

A. DBecause the heated air of the
chesnut can then freely escape through
the slit in the rind.

Q. Why does an APPLE split and spurt about,
when roasted ?
A. In some measure from the expan-

sion of air by heat; but more especially
because 1ts juice 1s converted into steam.

Q. How ts 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 parts which oppose it, through the

peel.

(Q. When an APPLE 18 ROASTING, why 1s one
part made soft, while the rest remains hard ?

A. DBecause the wvegetable matter of
the part nearest the fire 1s 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 is meant by the *“ apple coLLAPSING ?”
A. It means that the plumpness gives
way, and the apple becomes jlabby and
shrivelled.

Q. Why do sPARKS of fire start (with a crack-
liny notise) from pieces of wooD laid upon a FIRE ?

A. 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 1ts
passage.

The conversion of the woody fibre of the interior parts into
combustible gases, contributes to this effect.

Q. Whatismeantbythe *“ pPoRES of the wood ?”
A. Very small holes in the wood,
through which the sap circulates.

Q. What are the spARKs of fire, which burst
from the woob ?

A. Very small pieces 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 ?

®
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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 GREEX wood make less snapping,
than DRy ?

A. DBecause the pores contain less
awr, being filled with sap.

Q. Why does pry wood malke more snapping
than green ?

A. Because the sap is dried up, and

the pores are filled with air instead.

Q. Why does DRY wood BURN more easily
than green or wet wood ?

A. DBecause the pores of green or
wet wood are filled with motsture, which
extinguishes flame; whereas the pores
of dry wood are filled with air, which
supports combustion.

Q.  Why does MOISTURE extinguish flame ?

A. 1st—DBecause it prevents the
carbon and hydrogen of the fuel from
uniting with the oxygen of the air, to
form carbonic acid gas and water: and

@ndly—Because heat is perpetually

carried off, by the formation of the sap
mto steam.

|
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Q. Why do stoxes snap and fly about, when
heated in the fire ? _

A. Because the close texture of the
stone prevents the hot air from escaping;
in consequence of which, it bursts forth
with great violence, 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 water of crystallization.

Q. When bottled ale or porter is set before a
fire, why is the CORK forced out sometimes 2

A. Because the carbonic acid of the
liquor expands by the heat, and drives

out the cork.

QOarbonic acid gas is a compound of carbon and oxygen. All
fermented liquors confain more or less of carbonic acid gas;

bottled ale or porter a large quantity.

Q. Why does ale or porter FROTH more, after
ot has been set before a fire ?

A. Because the heat of the fire sets
free the carbonic acid; which is entangled
as it rises through the liquor, and pro-
duces bubbles or froth.

Q. When a boy makes a BALLOOK, and sets

fire to the cotton or sponge (whick has been steeped
in spirits of wine), why is the balloon TNFLATED ?
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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 has
been inflated by the expanded air ?

A. DBecause the same quantity of air
15 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 1s 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 a
chvmney ?

A. DBecause 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 nxpaxp 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 ewpansion in gases 1is
caused by heat ?

IS
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A. 481 degrees of heat will make a
volume of gas twice as large as 1t was

before.,
Q. What is the difference between a VAPOUR
ad 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 Gas is an elastic aeriform fluid,
which cannot be made to change its
state, except by the application of
artificial pressure and wntense 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 18 called sfeam.

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 artificially
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 “permanent,” to distinguish them from

vapours. _
Q. Why are some things 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 1n others.—Those in which
the particles are closest are solid ; those
i which they are furthest apart are
gaseous ; and the rest liquid.

Q. Why does heat change a SoLID (like ice)

I Jirst into a 11QuiDp, 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 sStMMER before it boils ?

A. Because the particles of water
near the bottom of the kettle (being formed
mto steam soomer than the rest) shoot
upwards ; but are condensed again by
the colder surface of the water, and pro-
duce what is called “ simmering.”

Q.  What is meant by sSTMMERING ?

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 1s thrown off.

Q. Why does a KETTLE SING, when the water
stmmers €

A. Because the entangled air escapes
by fits and starts from the surface of
the water; producing the noise called
“singing.”

Q. Why does ot a ketile siNe, when the

water boils ?
A. Because all the water is bouling

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 ketile SING MORE, when it 1s
set on the SIDE of a fire, than when it s set in the
MIDST of a fire?

A. Because the heat is appled
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 XETTLE sing, when the boiling
water begins to cooL again ?

A. DBecause 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 BolLING water increase in
bulk ?

A. Because it 1s expanded by the heat :
1.e.—The heat of the fire drives the

- particles of water further apart from each

other: and (as they are not packed so
closely together) they take up more room.
Q. What is meant when it is said, * that

| HEAT drives the PARTICLES of water further APART

Jrom each other

A. Water is composed of little glo-
bules, like very small grains of sand:
the heat drives these particles apart from
each other, and (as they then require
more room) the water increases in bulk.

Q. Why does boiling water BUBBLE ?

A.  Because the heated air and vapour
(rising through the water) force up bub-
bles in their effort to escape.
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Q. Why does a KETTLE sometimes BOIL OVER?

A. Because the water is expanded by
heat ; if, therefore, a kettle 1s filled with
cold water, some of 1t must run over, as
soon as it is expanded by heat.

Q. DBut I have seen a keltle BOIL OVER,

although it has not been filled FULL of water;
how do you account for this ?

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 OVER-
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 1s boul-
ing) 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 further escape of
steam ; and the generation of steam is one cause of the expansion
of hot water.

Q. Why does the water of a KETTLE sometumes
sun 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 LD of a saucepan or boiler ?

A. The steam (seeking to escape)
forces up the lid of the boiler, and the
weight of the lid carries it back again ;
this being done frequently, produces a
rattling noise.

. Q. If the steam could Nor LIFT UP the lid of
the boiler, how would it escape ?

. A. If the lid fitted so tightly, that

 the steam could not raise 1t up, the

 boiler would burst, and the consequences
might be serious.

| Q.  When steam pours out from the spout of a

| kettle, the strREAM begins apparently HALT AN INCH

off the srout; why does it not begin cLOSE to the
spout ?

A, Steam is really invisible; and the
| half-inch (between the spout and the
“stream of mast”) 1s the real steam, before

1t has been condensed by the air.

| Q. Why is not ALL the steam INVISIBLE, as
- well as that half-inch ?
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A. Because the invisible particles are
condensed by the cold air; and, rollng
one into another, look like mist.

Q. What BrcoMES of the STEAM, for it soon
vanishes ?

A. After it has been condensed 1nto
mist, it is dissolved by the air, and dis-
persed abroad as invisible vapour.

Q. And what BEcOMES of the dnvisible
vapour ?

A. Being lighter than air, it ascends
to the upper regions of the atmosphere,
where (being again condensed) 1t 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 does a METAL SPOON (lgft in a
saucepan) RETARD the process of boiling ?

A. Because the metal spoon (being
an excellent conductor) carries off the heat
rom the water ; and (as heat 1s carried
off by the spoon) the water takes a longer

time to boil.
Q. Why will a pot (filled with water) NEVER

sorL. when immersed in another vessel full of
water also ? _ _
A. DBecause water contained n an
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open vessel can never be heated above the
boiling point ; all the heat absorbed by
water after 1t bouls, 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 1s boiling hot (or 212°,)) steam is formed,
and carries off some of its heat ; therefore,
- 212 degs. of heat can never pass through
|, to raise the nner vessel to boiling heat.
' Q. Why do sucar, savLr, 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
tn contact with a SAUCEPAN, what plan must be
adopted ?

A. We must immerse the pot (con-
| taining the water to be boiled) in a sauce-
| pan containing strong brine, or sugar.

- Q. Why would the INNER wessel boil, if the
OUTER vessel contained strong Brixg ?
|  A. DBecause brine will not boil, till it
15 raised to 218 or 220 degs. Therefore,
| M
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R12 deg" of heat may easily pass through
1t, to raise the wvessel immersed in it to
boitling heat.

Q. Why will brine impart to another vessel
MORE than 212°, 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 212° 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 liquids tmpart no EXTRA heat,
after they boil ?
A. Because all extra heat 1s spent in

making steam. Hence water will not boil
a vessel of water immersed 1n 1t, because
1t cannot 1mpart to it 212 deg” of heat;
but brine will, because 1t can impart more
than 212 deg” of heat, before 1t 1s tself
converted into steam.

Ether boils at about 96 degs. | Syrup boils at . 221 deys.

Alcohol . 3 i Oil of turpentine 316 ,,
Water . | [ Sulphuric acid . 472
Water, with one-fifth Linseed oil : 640 ,,

salt . s Mercury . . 862

Any liguid which boils at a lower degree can be made to boil, if im-
mersed in a liguid which boils at a kigher degree. Thus a cup of ether
can be made to boil in a saucepan of water. A cup of water, in &
saucepan of brine or syrup. But a 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 ?

A. Because they are lghter, and
more buoyant.

Q. Why are clouds LIGHTER on a FINE day ?

A. 1st—DBecause the vapour of the
clouds is less condensed ; and

2udly—The air itself (on a fine day) re-
tainsmore of its vapourin an invesible form.

Q. Why is @ cup put INVERTED wnio a fruit
pie ?

A. Its principal use is to hold the

" erust up, and prevent it from sinking, when

the cooked fruit gives way under it.

Q.  Does not the cup PREVENT the fruit of the
pie from BOILING OVER ?

A. No,—it will rather tend to make
it boil over, as there will be less room

in the dish.
Q. Eaplain this.

A. When a pie 1s put into an oven,

~ the air in the cup will begin to expand, and
.~ drive every particle of juice from under

e ————

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
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bubbles throngh 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
is the cup always FULL of juice, when the pie is
cut up ?

A. Because immediately the pie 1s
“ drawn,” the air in the cup begins to con-
tract again, and occupy a smaller space ;
and, as the cup 1s no longer full of aur,
juice rushes in to occupy the void.

Q. Why does juice rush into the cup, when
the cup s NOoT FULL of AIR P

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, when 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.)

LQ. Does heat expand every thing ELSE, besides
air and water ?
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A. Yes: every thing (that man is
acquainted with) 1s expanded by heat.

Q. Why does @ cooPER heat his HOOPS RED-
HOT, when he puts them on a tub ?

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

Rndly—As iron contracts by cold, the
hoops will shrink as they cool down, and

- girt the tub with a tighter grasp.

Q. Why does @ WHEELWRIGHT male the iron
hoop or * tire” RED-HOT, which he fizes on a WHEEL ?

A. 1st—That 1t may fit on more
easuly : and

2ndly—That it may girt the wheel
more tightly.

Q. Why will a wheelwright's HooP 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 moops, which have been put
| On HOT, GIRT the wheel more FIRMLY ?

M 3
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A. Because they will sirink as they
cool; and, therefore, gurt the wheel with
a tughter grasp.

Q. Why does a sTovE make a ORACKLING
NOISE, when a fire 1s very hot ?

A. Because 1t expands from the heat;
and the parts of the stove rubbing
agamst each other, or driving against
the bricks, produce a crackling noise.

Q. Why does a stove make a similar CRACK-
LING NOISE, when a large fire t8 TAKEN DOWN ?

A. Because it contracts again, when
the fire is removed; in consequence of
which, the parts rub against each other
again, and their connection with the
bricks 1s again disturbed.

Q. Why does the PLASTER round a stove
cRACK and fall away ?

A. Because (when the fire 1s lighted)
the iron-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

““ setting” behind.

The “ setting” is a technical word for the plaster, &c. in imme-
diate contact with the stove.
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Q. Why does the plaster FALL AWAY?

A. As a chink 1s left (between the
“getting” 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 1ron stove varies also; and this
expanding and contracting keep up such

a constant disturbance about the plaster,
that it cracks and falls off.

Q. Why does the MERCURY of @ THERMOMETER
RISE tn 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 s a GLASS BROKEN, when HOT
WATER 18 poured into it ?

A. DBecause the inside of the glass
1s 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 outsiDE of the glass
ewpanded by hot water, as much as the INSIDE ?

A. Because glass is a bad conductor
of heat, and breaks before the heat of the
inner surface 1s conducted to the outside.

Q. Why does a glass snap, because the INNER
surface ts Ho1TER than the oUTER ?

A. Because the nner surface is
expanded, and not the outer: in conse-
quence of which, an opposing force is
created which breaks the glass.

Q. Why ts a cHINA cUP broken, if HOT WATER
be poured over it, or into it ?

A. Because chinais a bad conductor;
and (as the tnner surface expands from
the heat more than the outer, an opposing
force 1s created, which breaks the cup.

Q. If a glass beaker be set on a warm HOB,
why does the BOTTOM COME OFF ?

A. Because glassis a bad conductor;
and (as the bottom of the glass expands
from the warmth of the hot stove, before
the siudes are heated) the two parts separate

from each other.
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CHAPTER XI.

2. —LIQUEFACTION.
3.—VAPORIZATION.

Q. What is meant by LIQUEFACTION ?

A. The conversion of a solid into a
liquid by the agency of heat : as solid ice
1s converted into water by the heat of
the sun.

Q. Why is ice MELTED by the HEAT of the
SUN ?

A. Because the heat of the sun forces
its particles asunder ; till their attraction
of cohesion is sufficiently overcome, to
convert the solid ice into a liquid.

See p. 115.

Q. Why are METALS MELTED by the heat of
FIRE ?

A. DBecause the heat of the fire forces
thewr particles asunder ; till their attrac-
tion of cohesion 1s sufficiently overcome,

to convert the solvd metal 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 ts globules 1nte very munute
bubbles ; which (being lighter than air) fly
off from the surface in the form of steam.

Q. Why does not wooD MELT, like metal ?

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 s meant by VAPORIZATION ?

A. The conversion of a solid or liquid
into vapour: as snow or water is con-
verted into vapour by the heat of the sun.

Q. What are cLouDS ?

A. Moisture evaporated from the earth,
and again partially condensed in the upper
regions of the air.

Q. What is the difference between a FoG 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 so readily in the air ?
A. Because they are composed of
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very minute globules (called ves'cicles);
which (being lighter than air) float, like

soap bubbles.

Q. Why does vAPOUR sometimes form into
cLoUDS, and sometimes rest upon the earth as MIST
or FOG ?

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 awr 1s warmer than the earth, the
vapour 7ises through the avr, and becomes

cloud.
Q. Are AL clouds ALIKE ?

A. No. They vary greatly in density,

height, and colour.
Q. What s the cHIEF cause of fog and clouds ?
A. The changes of the wind.

Many local circumstances also favour the formation of elouds.

Q. How can the cHANGES of the WIND affect
the croubs ?

A. If a cold current of wind blows
suddenly over any region, it condenses the
invisible vapour of the air into cloud or
rawn:  but if a 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 most 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 Kgypt.

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 mules.

N.B.—Streuky curling clouds, like Aair, are often 5 or 6 miles
high.

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 wuth

one of thewr edges.
Q. What is the S1zE of the cLOUDS

A. Some clouds are 20 square miles
in surface, and above a male in thickness ;
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while others are only a few yards or

wnches.
Q. How can persons ascertain the THICKNESS
of a cloud ?

A. Asthe 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 thewr feet.
Q. What produces the great VARIETY in the
SHAPE of the clouds ?

A. Three things: 1st—The cause
and manner of their formation :

Andly—Their electrical condition : and

ordly—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.  WaAr clouds assume the most FANTASTIO
shapes ?

A. Those that are the most highly
electrified.

N
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Q. What effect have WiNDs o the SHAPE of
clouds ?

A.s They sometimes absorh them en-
tirely : sometimes wncrease thewr volume
and density ; and sometimes change the
position of thewr parts.

Q. How canwinds ABsoRB clouds altogether ?

A. Warm dry winds will convert the
substance of clouds into tnwisible 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 invisible vapour of the air, and
add 1t 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. Whatarethegeneral cOLOURSOf theclouds ?

A. White and grey, when the sun 18
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 vAsT clouds of evening gener-
ally of a R:D tinge ?

A. Because the red rays, being less
refrangible than the yellow or blue rays,
remain longest in sight, as the surface
of the earth turns away from the sun.

AHogrzon

Every beam of light is composed of three coloured rays, 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 the red least. As the earth with its
clouds and atmosphere turn round the pole P, in the direction
A C D, 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 placed at E, just
as he was turning into darkness towards C, would see the clouds
tinged red at IR, resting upon the western horizon,

Q.  Why are the EARLY morning clouds gene-
rally rRep ?

A. DBecause 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. ~ 2
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Suppose the earth to be turning in the direction D C A. Then
any given cloud would come first into the light of the red rays R,
and the observer at 1B 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 1is still tnvisible
beneath the horizon. |

Q. What is 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 ts not the colour of clouds always
ALIKE ?

A. Because the condition of the
atmosphere is 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 MorioN of the clouds ?

A. Principally the winds ; but some-
times electricity will influence their motion
also.
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Q. How do you know that clouds move by
OTHER 2nfluences besides WIND ?

A. Because (in calm weather) we
often see small clouds meeting each other
from opposite directions,

Q. How do wyouw know tha! ELECTRICITY
affects the motions of the clouds ?

A. Because clouds often meet from
opposite dwrections ; and, having dis-
charged their opposite electricities into
each other, vanish altogether.

Q. Into how many crASSES are the different
gorts of clouds generally divided ?

A. Into three classes :—viz. Simple,
Intermediate, and Compound.

Q. How are stMPLE 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 c1RRUS ?

A. From the Latin word cirrus (““ a
lock 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 currus
clouds appear, there is but little moisture
in the air, and this 1s only slowly con-
densed in the higher regions of the
atmosphere.

Q. What sort of clouds are calied com vLUS ?

A. Cumulus clouds are lumps, like
oreat sugar-loaves,—uvolumes of smoke,—
or mountains towering over mountans.

Q. Why are these monster masses called
cuM TLUs clouds ?

A. From the Latin word cumulus
““a 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 18
very hard, and they come up with the
wind, they foretell fine weather.

Cum’alus 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 a summer’s evening : these clouds
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rise at sun-set in low damp places ; and
are always mearer the earth, than any
other sort of cloud.

Q.  Why are these mists called sTRATUS clowuds ?

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 avr.

Q. What produces cumuLus 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 ?

As Into two: serts. 1.—The Cirzos
Cum'ulus; and 2.—The Cirro-Stra'tus.
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Q. What are cIRRO-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’ tauls.”

A system of small round clouds may be called cirro-com’ulus.

Q. What do cirro-cuM ULUS clouds generally
FOREBODE ?

A. Continued drought, or hot dry
weather.
Q. What are cCIRRO-STRA'TUS CLOUDS ?

A. They compose what 1s 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 cirRro-cumM vLrus clouds ?

A. Cumulus elouds dissolving away
into cirrus produce the intermediate class,
called cTrRRO-CUM ULUS.

Q. What produce cTRRO-STRA'TUS clouds ?

A. Cirrus clouds accumulating into
denser masses produce the intermediate

class, called CIRRO-STRATUS.
Q. How are compPoUND clouds 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 is meant by ocuM ULO-STRA'TUS
clouds ?

A. Those clouds, which assume all
sorts of gigantic forms; such as vast
towers and rocks,—huge whales and
dragons,—scenes of battles,—and cloudy
giants. This class of clouds is the most
romantic and strange of all.

Q. What do the cuMULO-STRATUS clouds
FORETELT, ?

A. A change of weather ; either from

fine to ram, or from rain to fine.
Q. What are x1MBUS 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 (07 rain-cloud) be at once distinguished ?

A. By the want of a defined outline :
Its edge is gradually shaded off from the
deep grey mass into transparency.

Q. What APPEARANCE takes place in the
clouds, at the approach of RAIN P
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A. The cumulus cloud becomes sta-
tionary, and cirrus streaks settle upon 1,
forming cum'ulo-stra'tus clouds; black

at first, but afterwards of a grey colour.
Q. Why do clouds gather round MOUNTAIN

TOPS ?

A. DBecause the air (being chulled by
the cold mountain tops) deposits its

vapour there, in a visible form or cloud.

Q. What are the UsES of cLOUDS ?

A. 1st—They act as screens, to
arrest the radiation of heat from the
earth ;

9ndly—They temper the heat of the
sun’s rays ; and

3rdly—They are the great store-houses
of rain.

« Radiation of heat,” i.e. the escape of heat, when no conduc-
for carries it away.

Q. Why is wixD said to BLOW UP the clouds ?
A. Because a dry warm wind (which
has travelled over seas) having absorbed
a large quantity of moisture, deposits
some of it in the wvistble form of clouds,
as soon as it reaches a colder region of

alr,
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Q. Why does WIND sometimes DRIVE AWAY

the clouds ? ;
A. Because it has travelled over dry

climes or thursty deserts, and become so
dry, that it absorbs vapour from the
clouds, and causes them to disappear.

Q. What is the cAUSE of @ RED sunset ?

A. The vapour of the air not being

- actually condensed into clouds, but only
on the pownt of being condensed.

Q. Whuy 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 1is red.”
(Mat. xvi. 2.)

Q. What s the cause of a coppery YELLOW
BUN SET ?

A. The vapour of the air being
actually condensed into clouds.

Q. Why do vapours (Not 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. 135, 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 7ays, whereas vapours not actually con-
densed refract red ?

A. Because the beams of light meet
with more resistance from the condensed va-
pour ; in consequence of which, those rays
are bent down to the eye, which are more
refracted than the red, such as yellow.

See figure on 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 SUNSET an tndication
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 is the cause of @ RED SUNRISE ?

A. Vapour in the upper region of the
air just on the point of being condensed.

3
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Q. Whymay aredandlowering 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 pomnt
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., 3.)

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 condensation. Professor Griffiths states, that the red and
lowering 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 through a dense atmosphere: hence the sun is
red at rising or setting, or in a fog.

Q. Why s 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. DBecause 1t shows that the air is
moiwst. Moist air 1s more transparent
than dry, and allows yellow rays, which
have less momentum than red, to pass
. through as well. o




146 EFFECTS OF HEAT.

Q. What difference (in the siate of the air)
s required to make a GREY and RED sun-rise?

A. In a grey sun-rise, the air 1s
sufficiently clear to allow the three
coloured rays to pass with a feeble degree
of intensity. In a red sun-rise, the air
is so dense that it stops all but the red
rays. Hence the proverb—

“ Fvening red and morning grey,
Will set the traveller on his way ;
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 upwards 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 tn the
MORNING 8 the shepherd’s warning :” Why s 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 @ MORNING rainbow be always
in the wesT?

A. Because the sun 1s 1n 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 rans are
usually brought by west or south-west
winds ; and clouds which reflect the
colour of the rammbow wn 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,
i3 the shepherd’s delight :” Why s it so P

A. DBecause a rainbow at night is in
the east ; and indicates, that bad weather
1s leaving us.

Q. Why must a rainbow at N1HT be always
in the BAST? '

A. Because the sun 1s 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 indicate
that bad weather 138 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

0 R
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west to the easi, it 1s 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 BORRA’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 Awurora
Borealis, visible in England on the might 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 generally 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 resembling hissing, murmur-
ing, rambling 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 5AZE round the sun indicate
RAIN ?

A. Because the haze is caused by very
Jime rain, suspended in the upper regions of
0 3
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the air : when this 1s the case, a rain of
5 or 6 hours’ duration may be expected.

Q. Why is a BALO round the MoON a sure
indication of RAIN?

A. DBecause it 1s caused by fine ran,
suspended in the upper regions of the ar.
The larger the halo, the nearer the rain-
clouds, and the sooner may ram be
expected.

Q. What is the cause of @ BLACK MIST: and
why does it bring WET weather ?

A. The mist is black, because 1t 1s
overshadowed by dense clouds; and wet
weather may be expected, because the
alr 1s saturated with vapour.

Q. Why is mist sometimes WHITE : and why
does a white mist indicate FINE weather ?

A. The mist is whate, because no
clouds blacken it with their shadow ; and
fine weather may be expected, because the
sky 1s cloudless.

Q. Why do we feel almost SUFFOCATED in a
hot cloudy night ?

A. Because the heat of the earth
cannot escape into the upper region of
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the air; but i1s 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 1s not confined or pent-in
by thick clouds.

Q. Why do we feel DEPRESSED n SPIRITS
on a WET murky DAy ?

A. 1st—Because the air is laden
with vapour, and has (proportionally) less
oxygen.

2ndly—The air being lighter than
usual, does not balance the air in our
body : and

drdly—Moist air has a tendency to
depress the nervous system.

Q.  What is meant by the * air balancing the
air in our body ?”

A. The human body contains air of a
given density; if, therefore, we ascend into
rarer awr, 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 1s 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 feeling of
distension.

Q. Why do persons, who ASCEND tn BALLOONS,
feel PAIN in their eyes, ears, and chest ?

A. Because the air in the upper
regions of the atmosphere is 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 ¢n DIVING-
BELLS, FEEL PAIN in their eyes, ears, and chest ?

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 deafness.

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 engine is seen lrailing 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. At what BOUR of the day may this prog-
nostic of rain be most certainly depended on ?

A. When it is seen at about three
in the afternoon, a wet evening is 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-
wshies 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 18 densest.

The sound of a bell can Le scarcely heard, when it is rune in
the receiver of an air pump. And the report of a pistol is
scarcely audible on the top of a high mountain.
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Q. Whydowe feel BRACED and LIGHT-HEARTED
on @ FINE spring or FROSTY mormng ?

A. 1st—DBecause there i1s more oxygen
in the air on a fine frosty morning, than
on a wet day: and

ondly—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

andly—The damp depresses the powers
of their mervous system, and makes them
drowsy.

Q. When suHEEP lie under a HEDGE, and seem
unwilling to go to pasture, RAIN 18 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 2

A. Damp air relaxes thewr nerves, and,
therefore, they feel languid and uneasy.

Q. DMention 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 scream-—guinea-fowls squall
—or ducks and geese are unusually

noisy, rain is close at hand.

Q. Why do caNDLES and FIRES burn with a
BLUER flame in wet weather 7

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 infensely heated, it will not unite with the
oxygen to form carbonic acid, but will fly off as smoke.

Q. Why do miLLs, de. appear LARGER in

' WET weather 9

A. Because the air is laden with
vapour, which causes the rays of light to
dwerge 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 ?

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 known ?

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 imagination which makes a good poet, does not always
make an accurate teacher of scientific facts.

Q. Why is the air generally DRIER before noon
and before summer, than it s 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. In the afternoon and
in the autumn it is getting on the decrease,

and is less able to hold vapour suspended.

e i
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Q. When the plants called TREFOIL, DANDE-
LION, PIMPERNEL, d¢., FOLD up their leaves, RAIN
18 always close at hand : Explain this.

A. Ist—The cloudy weather dimin-
1ishes the light of the sun ; and without
the stimulus of sun-light, these flowers
never open their leaves : and

@ndly—The vapour of the damp air,
msinuates 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 9

A. Because moisture is 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 AR filled with offensive sMELLs,
Just previovs to RAIN ?

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 rLOWERS smell SWEETER and
STRONGER, just previous to RAIN ?

A. Because the volatile parts 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
produce odours in plants, require the presence of much moisture

for their perfect development.

Q). Why do uorsks and other animals stretch
oul 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 snuft 1n
their fragrance.
Q. Why does sMOEE fall, when RAIN s at

hand ? _
A. Because the air is less dense, and

canmot buoy up the smoke so readily, as
dry and heavy awr.

,a
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Q. Why do swALLOWS FLY LOW, when RAIN
13 at hand ?

A. Becuause the insects (of which they
are 1n pursuit) have fled from the cold
upper regions of the air, to the warm air
near the earth: and as their food vs low,
the swallows fly low.

Q. Why do these 1nsEcTs seck 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 1t near the earth.

Q.  Why does @ DOWNWARD current of COLD
AIR bring rAIN ?

A. Because 1t condenses the warm
vapour ; which (being condensed) de-
scends 1n rain.

Hence rain generally follows a London “ pea-soup” fog.

Q. The proverb says, *“* A SINGLE MAGPIE in
spring, FOUL WEATHER will bring:” Why is this
the case ?

A. Because in cold stormy weather,
one magpie alone will leave its warm snug
nest wn search of food, while the other

P 2
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stays with the eggs, or youny ones ; but
in fine mild weather (when their brood
will not be injured by cold) both the
magpies fly out together.

Q. Why s ¢t UNLUCKY for ANGLERS o see a
SINGLE magpte in spring 2

A. Because, when magpies fly abroad
singly, the weather is cold and stormy;
but, when both burds fly out together, the
weather is warm and muld, which 1s
Jfavourable for fishing.

Q. Why do sea-curLs fly about the SEA
FINE weather ?

A. Because they live upon the fishes
which are found near the surface of the
sea 1n 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 out of
the ground at such times.

« Larvee,” little grubs and caterpillars.
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Q. Why do pETRELS fly fo the sEA, during @
storm ?

A. DBecause they lwve upon nsects,
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 Ttalian word which means ILiftle Peler, in
allusion 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 18 at hand ?

A. Because the air us 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 picce of hot iron, without leaving the
least trace ?

A. Because the bottom of the drop is
turned into vapour, and buoys the drop up,
without allowing it to touch the iron.

Q.  Why does it ROLL ?

A. Because the current of air (which
15 always passing over a heated surface)
drives 1t along.

P 3
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Q. Why does a TL.AUNDRESS pui a little SALIVA
0N @ FLAT-TRON, 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 runms
along the wrom, 1t 1s.

Q. Why is the flat-iron HOTTER, if the salwa
RUNS along it, than if it adheres till it is ecvaporated ?

A. Because, when the saliva runs
along the iron, the heat 1s sufficient to
convert the bottom of the drop into vapour ;
but, if the saliva will not roll, the iron 1s
not sufficiently 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. What BFFECTS areproduced by evaporation ?

A. The hiqud vaporized absorbs heat

[N S S S ——
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from the body whence 1t 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. DBecause the saliva quickly evapo-
rates ; and (as it evaporates) absorbs heat
from the finger, making it feel cold.

Q.  If you BATHE your TEMPLES with ether, why
does 1t allay INFLAMMATION and feverish heat ?

A. Because ether very rapidly evap-
orates ; and (as it evaporates) absorbs heat
from the burning head, producing a
sensation of cold.

Q.  Why is ETHER better for this purpose, than
WATER ?

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 96 degs- of heat:
but water requires 212 deg® of heat to convert it into steam.

Q. Why does ETHER very greatly RELIEVE a
SCALD or 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 corp, when we have wer
FEET 0 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
“ corp ?"’

A. DBecause the evaporation absorbs
heat so abundantly from the surface of
our body, that its temperature is lowered
below vts natural standard ; in consequence
of which, health is mjured.

Q. Why s it DANGEROUS 0 SLEEP wn &
DAMP BED ?

A. Because heat is continually ab-

sorbed from the surface of our body, to
convert the damp of the sheets into vapour ;
1 consequence of which, our animal heat
1s reduced below the healthy standard.

Q. Why ts HEALTH INJURED, when the tempe-
rature of the body is REDUCED below s natural
standard ?

A. Because the balance of the circu-
lation is destroyed : Blood 1s driven away

from the ewxternal surface by the chill,
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and thrown upon the wnternal organs,
which are oppressed by this increased
load of blood.

Q.  Why do we not feel the same sensation of
cold, if we throw a 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 * eatch corp,” who
are frequently wet all day with SEA-WATER ?

A. Ist—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

ndly—The salt of the sea acts as a
stimulant, and keeps the blood circulating

1n the skin.

Q. Why does SPRINKLING @ HOT RooM with
water cooL it ?

A. Because the heat of the room
causes a rapid evaporation of thesprinkled
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 @ SHOWER 0f RAIN COOL the AIR
in swmaner-time ?

A. Because the wet earth parts with
its heat to promote evaporation ; and when
the earth is cooled, it cools the awr also.

Q. Why is LINEN DRIED by being exposed 1o
the WinND ?

A. Because the wind accelerates evap-
oration, by removing the vapour from the
surface of the wet linen, as fast as it 18

formed.

Q. Why is LINEN DRIED sooner un the open
AR, 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 wer summers generally succeeded
by coLD winlers ?
A. Because the great evaporation
(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 ?

A. Because 1t 18 better drained, and
better cullwated.
Q. Why does DRAINING land promote WARMTH ?

A. DBecause it dvminishes evaporation ;
i consequence of which, less heat is
abstracted from the earth.

Q. Why does curntivATION increase the
WARMTH of a country ?

A. lst—DBecause 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 warmim, why do
FORESTS produce cor,p ?

A. 1st—DBecause they detain and
condense the passing clouds :

2ndly—They prevent the access of
both wind and sun :

drdly—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 1s 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 1s
evaporated by the aur.

Q. How 1is this EVAPORATION PRODUCED and
carried on ?

A. The heat of the air changes the
surface of the water wto vapour, which

(blending with the air) 1s soon wafted




EVAPORATION. 169

away ; and this process 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 God in this
arrangement.

A. If the soil did not become crusty
and hard in dry weather, the heat and
drought would penetrate the soil, and kill

' both seeds and roots.

Q. Why is TEA cooled FASTER in a SAUCER

| than in a cup ?

|
’l
|
i

|

A. Because evaporation is increased
by increasing the surface ; and, as tea in

| @ saucer presents a larger surface to the

Q
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air, 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 this place. See p. 238.

Q. Why ts not the VAPOUR of the SEA SALT?
A. DBecause 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. Dy salt, left on the clothes after

the water has evaporated.
Q. Why does this WHITE CRUST always DIS-
APPEAR 11 WET weather ?

A. Because the moisture of the awr
dissolves the salt; in consequence of

which, it is no longer visible.
Q. Why should Nor 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
healthy standard : as thick clothing
prevents this evaporation, it is Injurious
to health.

i
i
¥
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CHAPTER XIII.

e —

COMMUNICATION OF HEAT.

—_— =

1.—CONDUCTION.

Q. How s heat COMMUNICATED from one
body to another ?

A. 1.—By Conduction. 2.—By Ab-
sorption.  3.—By Reflection. 4.—By
Radiation. And 5.—By Convection.

Q.  What is meant by coNpUCTION of heat ?

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 coLpER, than

others ?

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 BEsT 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 next best are, 4—platmum, 5—
iron, 6—zine, 7—tin: Lead 1s a very
inferior conductor to any of the pre-

ceding 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 beavor'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,

— T e cm—

wooden handles prevent the heat of the =&
vessel from rushing into our hands, to 1

burn them.
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Q. Why is the HANDLE of @ METAL TEAPOT
made of wooD ?

A. DBecause wood 18 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-malker ?

A. DBecause metal 1s 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 readily 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, 1t
would never feel so hot.

Q. Why would not the kettle-holder FEEL so
hot as the kettle, when both are of the same
temperature ?

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 ®OT 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 1s, 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 rapudly
eold, whenever it comes in contact with 3
a substance colder than tself. 1
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Q. Why does @ PUMP-HANDLE feel intensely
COLD 1 WINTER ?

A. Because it 1s an excellent conduc-
tor, and draws off heat from the hand so
rapidly, that the sudden loss produces a
sensation of intense coldness.

Q. Is the 1roN handle of the pump really
COLDER, than the WoODEN pump utself ?

A. No; every inanimate substance
(exposed to the same temperature) pos-
sesses 1n reality the same degree of heat.

Q.  Why does the 1RON handle seem so MUCH
COLDER, than the WOODEN pump ?

A. Merely because iron is a better
conductor ; and, therefore, draws off heat
from the hand more rapidly than wood.

Q. Why does a stoNE or marble HEARTH feol
to the feet 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 feet

| ¢oLD ?

A. As soon as the hearth-stone has
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absorbed a portion of heat from our foot,
it instantly disposes of it, and calls for a
fresh 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 its loss 1s 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 feel colder than others, because
they are better conductors.

Q. How voxe 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 mot the HEARTH-STONE feel

coLp,’ when it is of the SAME temperature as our
Jeet ?

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
ts lighted) feel HOTTER than the HEARTH-RUG ?

A. Because the hearth-stone is an
excellent conductor, and parts with its heat
very rapidly ; 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 perceiving
the increase.

Q. Why does the non-conducting power of
@ HEARTH-RUG prevent its feeling so HoT, as it
really is ?

A. Because it parts with its heat so
stowly and gradually, that we scarcely
perceive 1ts transmission into our feet.

Q.  Whenwe plunge our HANDS 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 coxpUCTING power of water
make it feel COLDER, than AIR ?

A. Because 1t abstracts heat from
our hands so rapidly, that we feel 1its
loss; but the air abstracts heat so very
slowly, that its gradual loss is hardly
perceptible.

Q. Is water a Goop conductor of heat ?

A. No; liquids are generally bad
conductors of heat; but yet water 1s a
much better conductor than awr.

Quicksilver, which is a fluid, is a good conductor of heat, because
it is metallic.

Q. Why is WATER a BETTER conductor of |
heat, than AIR? '
A. Because it ts more dense: The

conducting power of any substance de-
pends upon its solidity, or the closeness -
of uts particles.

Q. How do you know, that WATER 18 NOT @&

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. f

Q. Why are not liguids coop conductors of :
heat ?
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A. Because the heat (which should
be transmitted) produces evaporation, and
Jlies off 1n the vapour.

Q. Why does a POKER (resting on a fender)
Jeel cOLDER than the HEARTH-RUG, which is further

off the fire?

A. Because the poker is an excellent
conductor, and draws heat from our hand
much more rapidly than the woollen

‘hearth-rug, which 1s a very bad con-
‘ductor :  though both, therefore, are
equally warm, the poker seems to be the
colder. (See also, p. 193.)

Q.  Why are HOT BRICKS (wrapped in cloth)
employed in cold weather to keep the feet warm ?

A. DBecause bricks are bad conductors
of heat, and cloth or flannel still 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. Because 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 ?”

A. To radiate heat is to throw off -
heat by rays, as the sun: a polished tin
pan does not throw off the heat of boiling
water from 1ts surface, but keeps it in.

Q. Why are tin foot-warmers covered with
FLANNEL ?

A. 1st—That the polish of the tin
may not be injured :

ondly—Because the flannel (being
a very bad conductor) helps to keep the
tin hot longer : and

3rdly—Lest the conducting surface of

the tin should feel painfully hot. _;
Q. What disadvantage would it be, if the
POLISH of the tin were injured ? ‘
A. If the tin foot-warmer were to

lose its polish, it would get cold in a much

shorter tume. ‘
Q. Why would a tin foot-warmer get COLD
SOONER, if its POLISH were INJURED ?

A. Because polished tin throws off =
heat very slowly; but dull, scratched, -
painted, or dirty tin, throws off heat very
quackly.

T SR —— S
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Q. Why are furnaces and stoves (where much
HEAT 18 required) built of POROUS BRICKS ?

A. Because bricks are bad conductors,
and prevent the escape of heat; 1n conse-
quence of which, they are employed
where great heat is required.

Q.  Why are FURNACE DOORS, dc., frequently
covered with a paste of CLAY and SAND ?

A. DBecause this paste 1s a very bad
conductor of heat; and, therefore, prevents
the escape of heat from the furnace.

Q. If a stove be placed in the MIDDLE of a
room, should it be made of bricks or IRON ?

A. A stove in the muddle of a room
should be made of 7ron; because iron
1s an excellent conductor, and rapidly
communicates heat to the air around.

Q. Why does the Bible say, that Gob
“ giveth sxow like woor?”

A. Because snow (being a wvery 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 prevents the heat of the earth
from being drawn off by the cold air,
which rests upon it. R
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Q. Why are wooLLENs and FURS used for
clothing in cold weather ?

A. Because they 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. Noj; they merely prevent the
heat of the body from escaping.

Q. Where would the heat wscapk to,:if our
body were NxoT wrapped in wool or fur?

A. Into the air; for cold air (coming
in contact with our body), would gradu-
ally draw away ats heat, till both were of
the same temperature.

Q. What s the principal USE of CLOTHING
wn winter-time ?

A. 1st—To prevent animal heat from
escaping too freely: and

2ndly—To protect our body from the
external awr (or wind), which would carry
away 1ts heat too rapidly.

Q. Why are beasts covered with FUR, HAIR,
or WOOL ?

A. Because fur, hair, and wool, are
very slow conductors of heat; and (as
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dumb animals cannot 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 pownN 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-
Jested, 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 ¥ums, HAIR, and FEATHERS,
| such sLow conductors of heat ?

| A. Because a great quantity of air
lurks entangled between their fibres;
\and air is a very bad conductor of heat.

| . The warmest clothing is that which fits the body very Zoosel:
| In every part except at the eatremities : because more hot air wi
| be confined by a loose garment, than by one which fits the body
| tightly. R 2
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Q. If amr be a BAD conductor of heat, why
should we not feel as warm wirnouvtr 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 AR, which surrounds a naked
body, become (by contact) as WARM as the Bopy itself ?

A. Tt would do so if it remained
motionless ; but, as it remains only a
very short time, 1t absorbs as much heat

as 1t can 1n the time, and passes on.
Q. Why do we feel COLDER wn WINDY
WEATHER, than in @ cALM day?

A. Because the particles of air pass
over us more rapidly ; and every fresh
particle takes from us some portion of

heat.

This effect will be greatly influenced by the temperature of the
wind.

Q. Show the wisdom of God in making AR
@ BAD conductor.

A. If air were a good conductor (like
iron and stone) heat would be drawn so
rapidly from our body, that 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 300°, 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 1000 higher
\than the temperature of hoiling water, and take no harm. The
precantion 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 heated, being a good conductor, and communicated the
heat to his nose.

Q. Could as high a temperature be borne,
\when the AIR is 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-
mience, 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 face tn summer
make 1t cooL ?

i R 3
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A. Because the fan puts the air n
motion, and makes 1t 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 1ts heat.

Q. Does raANNING malke the air itself cooler ?

A. No: fanning makes the air hotter
and hotter.

Q. How does FANNING one's face increase the
HEAT of the air?

A. By driving the air more rapidly
over the human body; and causing 1t
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
face, and gives 1t to the auwr.

Q. Why is broth coOOLED by BLOWING 1t 2

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 1it, 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; awr s a wvery 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
nstantly to the CIRCUMJAGENT air ?

A. No; not instantly. Air is so bad
a conductor, that 1t parts with its heat
very slowly : unless, therefore, 1t be kept
in conttnual motion, 1t would cool the
broth very slowly indeed.

Q.  Why does winp generally feel coow?

A. DBecause 1t 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 tn MOTION ?

A. DBecause 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 coor ?

A. Noj if the air were hotter than
- our body, 1t would feel insufferably warm.
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Q. Why would the air feel unpleasantly mHor,
tf it were WARMER than owr BoDY ?

A. Because it would add to the heat
of our body, instead of duminishing 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 1s at least 10 or 12
degrees cooler than the human body.

Q. Is the EARTH a good conductor of heat ?

A. No; the earth 1s a bad conductor

of heat.
Q.  Why s the earth a BAD conductor of heat ?

A. DBecause 1its particles are not
continuous : The power of conducting
heat depends upon the continuity of
matter.

Q. Why is the earth (BELOW the surface)
WARMER tn winter, than the surfuce itself ?

A. Because the earth 1s a bad con-
ductor of heat; and, therefore, (although
the ground be frozen) the frost never
penetrates more than a few wnches below
the surface.

Q. Why is the earth (BELOW the surface)
COOLER in summer, than the surface itself ?

i e e -
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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 penetrate
to the roots of the plants and trees.

Q. Show the wispom of Gobp in making the
TARTH @ BAD conductor.

A. It the heat and cold could pene-
trate 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. DBecause the earth i1s 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 coor under a SHADY tree, in a
hot summer's day ?

| A. lst—Because the overhanging
foliage screens off the rays of the sun :
2ndly—As the rays of the sun are

pe—r—

—
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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 skixs, with the
FUR INWARDS ?

A. 1st—DBecausedry skinspreventthe
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 m his fur is clad 11 a case of

hot avr, 1mpervious to cold and wind.
Q. Why does a LINEN shirt feel cOLDER than
a COTTON one ?

A. Because lnen 1s 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 course 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 s1LK a good conductor of heat ?

A. No; itisabad 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
135, 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: in 1118
seconds, when surrounded by sheep’s wool; in 1984 seconds,
when surrounded by raw silk; and in 1305 seconds, when
surrounded by eider down.

Q. Why is our FACE 000LED by wiping the
temples with a fine cambric handkerchief ?

A. Because the fine fibres of the
cambric have a strong capillary attraction
for moisture, and are excellent conductors
of heat: in consequence of which, the
moisture and heat arve abstracted from
our face by the cambric, and a sensation
of coolness produced.

*“ Capillary attraction,” i.e. ke aftraction of atlhread or hair.
The wick of a candle is wet with grease, because the melted tallow
Tuns up the cotton from capillary attraction.

- Q. Why would not @ corron handkerchief do
as well ?

' A. Because the coarse fibres of cotton

—
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have very little capillary attraction, and
are very bad conductors; In consequence
of which, the heat of our face would be
uncreased (rather than diminished) by the
use of a cotton handkerchief.

CHAPTER XIV.

—

9.—ABSORPTION OF HEAT.

Q. What is the difference between cONDUCTING
heat, and ABSORBING heat ?

A. To conduct heat, is to transmut it
from one body to another through a
conducting medium : To absorb heat, 1s to
suck it up, as a sponge sucks up water.

Q. Give 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 Uthel end.
Q. JAre good coxpucroBs of heat, good !
ABSORBERS also ?
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A. No; every good conductor of heat
18 a bad absorber of it: and mo good
absorber of heat can be a good conductor

also.
Q. Is IRON a good ABSORBER of heat ?

- A. Noj; won is a good conductor, but
‘a very bad absorber of heat.

| The power of absorbing heat depends on the nature of the sur-
face of a body; thus, bright or polished surfaces will not absorb
heat so readily as rough and black ones.

Q. Why do the Fire-1rONs (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 VIRE-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 kETTLE boil faster, when the
ﬁbntmm and back are eovered with soor ?

| A. Because the blacksoot absorbs heat
\very quickly from the fire, and the metal
'ilconducts 1t to the water. S
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Q. Why will not @ NEw XETTLE boil so fast
as an OLD one ?

A. DBecause the bottom and sides of a
new kettle are clean and bright : but in
an old kettle they are covered with soot.

Q. Why would @ EETTLE BOIL more SLOWLY,
if the bottom and back were clean and bright ?

A. Because bright metal does not ab-
sorb heat, but reflects 1t: and (as the heat
1s 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 outer 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 ofl
which, white dresses never become so hot!
from the scorching sun, as dark colours do..

Q. Why do Not persons wear WHITE dressess
¢ WINTER lime ?
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A. Because white will not absorb heat,
like black and other dark colours; and
therefore, whaite dresses are not so warm as
dark ones.

Q. What coLOURS are WARMEST for a’resses 2

A. For outside garments black 1s the
‘warmest, and then such colours as
a,pproa{:h nearest to black (as dark blue

‘and green).  Whate 1s the coldest eolour

for external clothing.
Q. Why are DARK colours (for external wear)
80 much WARMER than LIGHT ones ?

A. Because dark colours absorb heat

from the sun more abundantly than light
‘ones.

Q. How can you prove that DARK colowrs 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

snow beneath ; whereas, the white cloth
will have produced little or no effect upon
m‘ at all.

N.B. The darker 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.—
9, Green.—6. Red.—7. Yellow: and 8. White (coldest of all.)

S 2
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Q. Why are BLACK KID GLOVES unpleasantly
HOT for summer wear ?

A. 1st—DBecause black absorbs the
solar heat : and
Andly—Kid will not allow the heat of

our hand to escape through the glove.

Q. Why are L1sLE THREAD GLOVES agreeably
COOL for summer wear ?

A. 1st—DBecause thread absorbs per-
spration : and

ndly—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 colowr; 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 1ssues from the fire in rays) upon
the meat ; and, therefore, greatly assists

the process of roasting.
Reflects the heat, i. e. throws it dack upon the meat.
Q. Why would not the tin REFLECTOR do as
well, if it were PAINTED ?
A. 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
Aclean, bright, and free from all scratches.

| Q. Why should a REFLECTOR be kept so very
CLEAN, and free from all SCRATCHES ?

A. Because,if areflector were spotted,
dull, or scratched, it would absorb heat,
Jmstead of reflecting it; and, consequently,
would be of no use whatsoever as a
Wreflector.

Q. Why does HOAR-FROST remain on TOMB-

(ysToNEs, long after it has melted from the grass and
ravel-walks of a church-yard ?

A. Because tomb-stones (being white)
1l not absorb heat, like the darker grass
and gravel; in consequence of which,
hey remain too cold to thaw the frost
ongealed upon their surface.

Q.  If black absorbs heat, why have those who
we in HOT climates BLACK skins, and not WHITE
ks, which would not absorb heat at all ?

A. Because black will not blister from
the heat of the sun. Although, therefore,
he black skin of a negro absorbs heat
more plentifully than the white skin of a
* S 3
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European ; yet the blackness prevents the
sun from blistering or scorching tt.

Q. How is it known, that BLACK colour pre-

vents the sun from either BLISTERING 07 SCORCHING
the shin ?

A. Ifyou place awhite 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. Wxuica 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 coveredl
“with whate cloth (though much cooler) willl

be severely scorched.

Q. Why does the BLACK skin of a NEGRO nev
SCORCH 07 BLISTER with the hot sun ?

A. Because the black colour absorb
the heat, and conveys it below the surfac
of the skin.

Q. Why does the waiTE Buropean skin BLIS
TER and SCORCH, when exposed to the hot sun ?

A. Becausewhite will not absorb heat ;
and, therefore, the hot sun rests on th
surface of the skin, and scorches 1t.
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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) kep?

COOLER in @ BRIGHT TIN POT than in an earthen
| one?

A Because bright metal will not
absorb heat from the hot air, like an
earthen vessel ; in eonsequence of which,

the water 1s kept cooler.

Boiling water is also kept kof in bright metal, better than in
earthen vessels. See p. 209.

e —

CHAPTER XV.

3.—REFLECTION OF HEAT.

Q. What is meant by REFLECTING heat ?
A. To refleet heat, is to throw it back
in rays from the surface of the reflecting

'~ body, towards the place whence 1t came.

Q. What are the Bust reflectors of heat ?
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A. All bright surfaces, and light

colours.
Q. Adre good ABSORBERS of heat good RE-
FLECTORS also ?

A. No; those things which absorb
heat best, reflect heat worst; and those
which reflect heat worst, absorb it best.

Q. Why are those thinge which ABSORB heat,
unable to REFLECT it ?

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 1its surface: and if
thrown off from the surface, it cannot

also be taken wnto 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 woop 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. DPolished metal is a conductor of
heat, only when that heat is communicated
by actual contact: But, whenever heat
falls upon bright metal in rays, 1t 1s
reflected back again, and the metal

remains cool.
Q. What is meant by ‘‘ heat falling upon
metal in RAYS,” and not *“ by contact ?”

A. A piece of metal thrust nto a fire
would be 1n actual contact with that fire ;
but if held before a fire, the heat of the
fire would fall upon it in rays.

Q. What is 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 €o0oT, ?

A. By confining the heat of the fire
to the hearth, and preventing its disper-
sion throughout the kitchen.

Q. Why are sHOES HOTTER for being DUSTY ?
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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 FREEZE on the ToP of
@ HIGH mountain ?

A. Ist—DBecause air is heated by
contact with the earth’s surface, and not
by solar rays which pass through it: As
a mountain-top atfords very small surface
for such contact, it remains intensely
cold : and

2ndly—When air flows up the side of
a mountain, 1t expands from diminished
pressure ; and consequently absorbs heat
from surrounding objects. |

Rarefied air can liold more latent heat than dense air can.

CHAPTER XYVL

4.—RADIATION.

Q. What is meant by RADIATION ?
A. Radiation means the emission of
rays : Thus, the sun radiates both light
'1

[ —
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and heat ; that is, it emits rays of light

and heat 1n all directions.
Q. WBHEN 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
emats rays of heat, therefore, we feel warm
when we stand before a fire.

Q.  Why does our FwAcE feel uncomfortably
HOT, when we approach a FIRE ?

A. Because the fire radiates heat
upon 1t; and (not being covered) it feels
the effect immediately.

Q.  Why does the fire catch our FACE more
than it does the REST of our body ?

A. Because the rest of our body is
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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 leat,
ABSORB heat also ?

A. Yes. Those substances which
radiate most, also absorb most heat: and
those which radiate least, also absorb the
least heat.

Q. Does any thing ELSE radiate heat, besides
the suN and FIRE ?

A. Yes: all things radiate heat n

some measure, but not equally well.
Q. WHAT things RADIATE heat 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 ¥LUES (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. It is used
chiefly in black-lead pencils; and hence its name, from the Greek

word ypacpeww 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 2

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 1t *“ draws” the tea.

Q. Why will not @ puLL black tea-pot make
good tea ?

A. Because the heat of the water
ies off so quickly through the dull black
surface of the tea-pot, that the water is
ery rapidly cooled, and cannot ¢ draw”

the tea.

Q. Why do pensioners, and aged cottagers,
enerally prefer the little black GARTHEN tea-pot to
he bright METAL one ?

A. DBecause they set it on the hob
“to draw ;” in which case, the little black

ca-pot will make the best tea.

Q. Why will @ BLACK tea-pot malke better tea

han a bright metal one, if set upon the mOB to
RAW ?

A. Because the black tea-pot will
P
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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 @ BLACK EARTHEN tea-pot
is the best, and sometimes a bright metal one.

A. Yes; when a tea-pot is set on the
hob ““to draw,” black earth is the best,
because it absorbs heat: But, when a
tea-pot is mot set on the hob, bright
metal i1s the best; because it 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
SATUCEPAN 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, i
order that it may BOIL Mmost QUICKLY ?
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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. Why s it said that ** SATURDAY'S KETTLE
boils the FASTEST 2"

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 xot 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 FrRoNT and ToP of a kettle
be clean and well polished ?

A. DBecause 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 BorTOM of @ kettle feel
nearly cold, when the water s botling HOT ?

T 2
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A. Because black soot 1s a very bad
conductor of heat; and, therefore, the
heat of the boiling water 1s some time
before it gets through the soot, which
adheres to the bottom of the kettle.

Q. Why 1s the LID of a KETTLE intensely HOT,
when the water boils ?

A. Because the bright metal hd 1s
an admirable conductor ; and, therefore,
heat from the boiling water pours wnto our
hand the moment we touch it.

Q. Show the benefit of SMOKE i COOKING.

A. The carbon of the fuel (which
flies off in smoke) naturally blackens all
culinary vessels set uppn 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 kitchen.)
Q. How does sMOKE make culinary vessels FIT
Jor USE?

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 ts boiling water kept HOT 1n a bright
METAL pot better than in an earthen vessel ?

A. Because bright metal (being a
bad radiator) will not throw off from ats
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 1s the bright polish of
the metal, which makes it a bad radiator :
and 1if 1t 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 15 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 scratched, it will allow

the heat of the food beneath to fly off into
the room. T 3
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Q.  Why should a SILVER 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 DEW?

A. Dew is the vapour of the air con-
densed, by coming in contact with bodies

colder than 1itself.
Q. Why is the GROUND sometimes COVERED
with DEW ? }
A. Because the surface of the earth
(at sunset) 1s made so cold by radiation,
that the warm vapour of the air is chilled,
by contact, and condensed 1nto dew.

Q. Why is the earth coLDER than the AIR,
after the sun has set ?

A. DBecause the earth radiates heat
very freely, but the air does not; n
consequence of which, the earth 1s often
5 or 10 degrees colder than the air (after
sunset); although 1t was much warmer

than the air, during the whole day.
Q. Why s the earth WARMER than the AIR,
during the day ?

A. Because the earth absorbs solar
heat very freely, but the air does not; 1
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consequence of which, it i1s often many
degrees warmer than the air, during the
day.

Q. Why is the surface of the ground COLDER
in a FINE clear night, than in @ cLOUDY one ?

A. Because,on a fine clear star-light
night, heat radiates from the earth freely,
and 1s 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 NIGHT ?

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 awr into

dew.

Q. Why s there No DEW on a dull cLouDny
night ?

A. Because clouds arrest the radiation
of heat from the earth ; and (as the heat
‘cannot freely escape) the earth’s surface
1s not sufficiently cooled down, to condense
the vapour of the air wnto dew.

Q. Why i3 a cloudy night wWARMER than
a fine one ?
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A. Because clouds prevent the radia-
atwon of heat from the earth; in conse-
quence of which, the surface of the earth
remains warmer.

Q. Why is pEW 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. Ist—Dbecause the thick foliage
arrests the radiation of heat from the
earth: and '

Rndly—It radiates some of its own
heat towards the earth; in consequence
of which, the ground underneath a leafy
tree 1s 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. Ist—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 1s not sufficiently
cooled down, to condense the vapour of
the air into dew.

Q. Why 1s there little or No DEW beneath 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 -

Andly—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

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 1t comes in contact with them.

Bass, pronounce has—a kind of matting used by gardeners.

Q.  Why is the BASS or cANvass itself (which
covers a tree) always drenched with DEW ?

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 wvapour of the aur
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 @ WINDY
NIGHT ?

A. Because wind evaporates the mois-
ture, as fast as 1t 1s 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 pEW fall more abundantly on
SOME 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 1t comes
in contact with them:. |

Q. Wauar 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 wvery
tarduly.

Q. Do the leaves of ALL plants radiate heat
| EQUALLY well ?

.~ A. No. Rough woolly leaves (like
' those of a holly-hock) radiate heat much
imore freely, than the hard smooth polished
leaves of a common laurel.

. Q. Shew the wispoM of Gob in making grass,
‘the leaves of trees, and ALL VEGETABLES, excellent
vadiators of heat,

. A, As vegetables require much mos-
dure, and would often perish without g
plentiful deposit of dew, God wisely made
ithem to radiate heat freely, so as to con-

dense the vapour (which touches them) into
dew.
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Q. Will polished METAL, smooth STONES, and
woollen crotH, readily collect DEW ?

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, while 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 it passes over them.

Q. Why is a gravel walk almost DRY, when a
grass plat is thickly covered with DEW ?

Because grass is a good radiator,,
and throws off its heat very freely; but.
gravel is a bad radator, and parts with
1ts heat slowly.

Q. Is that the reason why GRAsS is saturated!
with DEW, and the GRAVEL s NOT ?

A. Yes. When the vapour of warm
air comes in contact with the cold grass,,
it is instantly deposited as dew; but 1
is not so freely condensed, as 1t passes OV
the warmer gravel.

g
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Q.  Why does pEW rarely form upon hard
BOCES and BARREN lands ?

A. Because rocks and barren lands
e so compact and hard, that they can
either absorb nor radiate much heat ;
d (as their temperature varies very
ttle) very little dew distils upon them.

Q.  Why does DEW fall more abundantly on
JLTIVATED 80ils, than on BARREN lands ?

A. Because cultivated soils (being
0se and porous) very freely radiate by
ight, the heat which they absorbed by
Ay ; n consequence of which, they are
uch cooled down, and plentifully condense
e vapour of the passing air into dew.

Q.  Shew the wispoum of Gop in this arrange-
nt.

A. Every plant and each portion of
nd, which needs the moisture of dew,
‘adapted to collect it; but not a single

op 18 wasted, where its refreshing
oisture 1s not required.

Q. Shew the wisbom of Gop in making

lished MmETAL and woollen CLOTH BAD RADIATORS
heat.

A, If polished metal collected dew as
U
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easily as grass, it could never be kept dry !
and free from rust. Again, 1f woollen i
garments collected dew as readily as thej’
leaves of trees, we should be often wetll
and subject to the risk of «“ taking cold..

Q. Show how this affords a beautiful illus§
tration of GIDEON'S MIRACLE, recorded in the bool§
of Judges, v1. 37, 38.

A. The fleece of wool (which 1s i}
very bad radiator of heat) was wet withy
dew; when the grass (which i1s a mo
excellent radiator) was quite dry.

Q. Was not this CoNTRARY to the laws ¢
NATURE ?

A. Yes; and was, therefore, a plan
demonstration of the power of God, w
could thus change the very nature
things at his will.

Q. Why do our CLOTHES FEEL DAMP, afti
walking in @ fine evening in SPRING or AUTUMN 2
g q

A. Because vapour (condensed
the cooling of the air) is deposite
upon them, like dew.

Q. Why are wispows often covered with this :
wist, and the frames wet with standing WATER ?

A. Because the temperature of tH
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ternal avr always falls at sunset, and
tlls the window-glass with which it
iJomes in contact.

{ Q. How does this account Jor the misT and
LRATER on a wixpow ?

4 A. As the warm vapour of the room
dpuches the cold glass 1t is chilled and
ndensed into mist; and the mist (col-
‘cting into drops) rolls down the window-
ame 1n little streams of water.

Q. Why does the GLAssS of a window coor,
Wn more RAPIDLY, than the ATR of the room itself ?

4 A. DBecause the air of the room is
pt warm by fires, and amimal heat : in
pusequence of which, it suffers wvery

ftle diminution of heat from the setting
the sun.

Q. Whence arises the VAPOUR of a RooM ?

A. 1st—The air of the room itself
turally contains vapour :

2ndly—The breath and insensible per-
Nration of the inmates ncrease this
pour: and

Srdly—Hot dinners, the steam of tea,
Md so on, increase it still more.

U 2

. s
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Q. What is meant by ‘ INSENSIBLE PER--
SPIRATION ' ? |
A. From every part of the human
body, an insensible and invisible perspi-
ration issues all night and day ; not only;
in the hot weather of swmmer, but als

in the coldest day of winter.

Q. If the perspiration be both INSENSIBL
and INVISIBLE, how is it known that there 1s any@)
such perspiration ?

A. If you put your naked arm 1n
a clean dry glass tube, the perspiratior
will condense on the glass, like mis

Q. Why are CARRIAGE WINDOWS very S00
covered with thick M1ST ?

A. Because the warm vapour of the

carriage is condensed by the cold glass
and covers it with a thick mist. |

Q. Way is the glass window coLD enough 1§
condense the vapour of the carriage ?

A.  Because the inside of the carria
is much warmer than the outside ;
the glass window is made cold by contac
with the external aar.

Q. WuERe does the WARM vapour of &

carriage come from ? _ AR\
A" The warm breath and insensib#e

g0
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erspiration of the persons riding, load
he air of the carriage with warm

Q.  What is the cause of the pretty rrost
ORK, seen on bed-room windows in winter-time 2

A. The breath and insensible perspi-
ation of the sleeper (coming in contact
ith the ice-cold window) are frozen by
he cold glass; and form those beautiful
ppearances seen in our bed-rooms on a
inter's morning.

Q. Why is the crass of a window colder
han the wALLS of a room ?

A. Because glass is so excellent a
adiator, that it parts with its heat more
apidly than the walls do.

Q.  Why is a TUMBLER of cold WATER made
ile DULL with mist, when brought into a room

Ul of people ?
A. Because the hot wvapour of the

om 1s condensed upon the cold tumbler,
ith which it comes in contact; and
anges 1t from the invisible and gaseous
rm, 1nto that of a thick mist.

Q. Why is a crass made quite DULL, by
Kying a vor hand upon it 2
' U 3



222 RADIATION.

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 coldl
wine-glasses) is condensed upon them, |
and covers them with moisture, like dew..

Q. Why does this misty appearance GO OFF,,
after a little time ?

A. Because the glass becomes o
the same temperature, as the air of th
room; and will no longer chull the vapouri
which touches it, and condense it into mast. 4|,

Q. Why is a WiNE GLAss (which has been

brought out of a cellar into the ATR) covered with a
thick MIST in summer time ?

A. Because the vapour of the hot
air is condensed into a thick mist, by
contact with the cold glass.

Q. Why does BREATHING 0N @ GLASS make 1
quite DULL ?

A. Because the vapour of the ho
breath is condensed by the cold glass
which it covers with a thick mist.

—
— .

b
I

i
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Q.  Why are the walls of a house covered with
WET in a sudden THAW ?

A. DBecause the walls (being thick)
cannot change their temperature so fast
as the air; 1n consequence of which, they
retain their cold, after the thaw has set in.

Q.  Howdoes “ RETAINING their coLD” account
Jor thewr being so wer ?

A. As the vapour of the warm air
touches the cold walls, 1t 1s chilled and
condensed 1to 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 the walls are muech
thicker; and (if the frost has penetrated
far into the bricks) they will be some time
W before they are reduced to the same tem-
erature as the aur.

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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Q. How does taIS account for the balusters
being DAMP ?

A. The vapour of the warm air
(coming in contact with the cold balusters)
18 chilled, and condensed into water
upon them.

Q. Why is the BREATH visible in WINTER,
and not in SUMMER ?

A. Because the intense cold of win-
ter condenses our breath into wisible
vapour; but in summer, the air 1s not cold
enough to do so.

Q. Why is our HAIR, and the brim of our HAT,
often covered with litile drops of pearly dew in
winter-time ?

A. Because our breath is condensed
a8 soon as it comes in contact with our
cold hair or hat; and hangs there m

little dew-drops.
Q. Why does the sTEAM of a railway BOILER,
often pour down, like fine ramn, when the steam 18

Silet ol 2 ‘ i
A. Because, in cold weather, the

steam from the chimney is condensed by
the chill air, and falls like fine rain.

Q. Why is there LEss dew when the WIND 18
TASTERLY, than when the wind is WESTERLY ?

P
W
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A. Because easterly winds cross the.
continent of Furope, and (as they pass
over land) are dry and arid : But westerly
winds cross the Atlantic Ocean, and
(as they pass over water) are moist and
Jull of vapour.

Q. How does the DRYNESS of an easterly wind
PREVENT dew-falls ?

A. As easterly winds are very dry,
they imbibe the moisture of the air; in
consequence of which, there is very little
left to be condensed into dew.

Q. How does the MOISTNESS of a western wind
 PROMOTE dew-falls ?

A. As westerly winds are salurated
with vapour, they require very little
reduction of heat to cause a copious
deposition of dew.

Q. When is dew most coProusLy deposited ?

A. After a hot day in summer
or autumn, especlally if the wind be
westerly.

Q.  Why is dew distilled most coprousLy after
a HOT day ?

A. Because the surface of the hot
earth radiates heat very freely at sun-set:
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and (being made much colder than the
air) chills the passing vapour, and
condenses 1t into dew.

Q. Does not AR radiate heat, as well as the
EARTH and its various planis ?

A. No. The air never radiates heat;
nor is the air 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.  Euaplain this.

A. Air which is heated by contact
with the earth’s surface ascends, and
colder comes into its place, to be i its
turn heated in the same : this process is
repeated until there no longer remains
any cold air to be made warm.

Q. How is the air made coLD ?

A. By direct contact with the colder
earth, and by being mixed with colder
currents that are brought by the wind.

Q. Why is MmAT very subject to TAINT, if
ewposed on a clear moon-light night ?

A. Because on a clear night it will
radiate heat very freely; and, conse-
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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-
titully deposited on young plants, which

conduces much to their growth and
vigour.

Q. Why is evening dew 1NJURIOUS to health 9
A. Because it is always laden with
noxious exhalations from the earth ; espe-
clally in marshy countries.
Q. Is HONEY-DEW a similar thing to dew 9
A. No. Honey-dew is a sweet liquid,
shed by a very small insect (called the
aphis), and deposited in autumn on the
nder surface of favourite leaves.

Frequently also on Lime Trees, in the Spring.

Q. Does honey-dew 1NJURE leaves, or do them
ood ?

A. It injures them very much, by
lling the pores with a thick clammy

iquid; in consequence of which, the

eaf can neither transpire, nor absord its
needful food,



298 RADIATION.

Q. What wrrecr has honey-dew wupon the 3 |
appearance of a leaf ?

A. After a little time, the leaf (being |
smothered and starved) begins 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 wmust (or earth-fog) ? -

A. If the night has been very calm, 3§
the radiation of heat from the earth has
been very abundant; in consequence of
which, the aur (resting on the earth) has §
been chilled, and its vapour condensed |
into a thick mist. |

Q.  Why does not the MIsT become DEW ? e i

A. Because the chill of the air 1s so §
rapid, that vapour is condensed jfaster:
than it can be deposited ; and (covering
the earth in a mist) prevents any further 1§
radiation of heat from the earth. |

Q. When the earth can no longer radiate heat.
wpwards, does it continue to CONDENSE the vapour of
the air ? :

A. No:; the air (in contact with the®
earth) becomes about equal 1n temperature:

- “ -
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ith the surface of the earth itself ; for
hich reason, the mist is not condensed
nto dew, but remains floating above the
arth as a thick cloud.

Q.  This mist seems to rise higher and higher,

nd yet remains quite as dense below as at Jirst.
aplain the cause of this.

A. The air resting on the earth is
rst chilled, and slowly mixing with the
Ir above, condenses it also into mist
kewise ; and as layer is thus added to
yer, the mist seems to be rising, when
n fact) it is only deepening.

Q. Why does mist and dew VANISH, as the
N rises ?

. A. Because the air becomes warmer

ter sun-rise, and absorbs the vapour.
Q. Why is a DEW-DROP ROUND ?

A. Because every part of it is equally
lanced ; and, therefore, there is no
use why one part of the drop should be
rther from the centre, than another.

Q. Why is the dew-drop (on a broad leaf)
etimes FLATTENED ?

A.  Because two or more drops of dew

il together, and make one large spheroid
r flattened drop.) X
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Q. Why will dew-drops ROLL about cabbage
plants, poppies, dc., without wetting the surface ?
A. Because the leaves of cabbages
and poppies are covered with a very fine
wazen powder, over which the dew-drop
rolls without wetting the surface, as a
drop of rain over dust.
Q. Why does mot a drop of rain WET the §
pustT over which it rolls ? |
A. Because dust has no affinity for
water : and, therefore, repels 1t.
Q. Why does not a dew-drop WET the POWDER

of cabbage-plants ?
A. DBecause the fine powder, whichy

covers cabbage-leaves has no affinity forsy
water ; and, therefore, repels 1t. 1
Q. Why will dew-drops ROLL over & ROSE, dc

without wetting the petals 7
A. Because the leaves of a roseg

contain an essential oil, which has no
affinty for water; and, therefore, repels 164
Q. Why can swaNs and DUGCKS dive under

water without being WETTED ? |
A. Because their feathers are covered

with an oily secretion, which has @
affinity for water; and, therefore, repels 1t
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Q. Why ave 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 1s colder than that which
comes 1n contact with water.

For other questions respecting land and sea breezes, see Chapter
XXIL. page 300.

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 1t
remains warmer.

Q. Why does not WATER cool down so fast as
' LAND ?

. A. Ist—DBecause the surface of water
18 perpetually changing ; and, as fast as
one surface 1s made cold, another is pre-
sented : and

2ndly—When water is made cold 4t
sinks, and warmer portions of water rise
to occupy 1ts place : before, therefore,
the surface of water 1s cooled, the whole
volume must be made cold ; which is not
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 occasioned thus:—
Some current of air (being suddenly
cooled) descends nto the warm streets,
forcing back the smoke in a mass towards
the earth.

Q. Why are there mot ALWAYS fogs, every
night ?

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 18
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 is lessened by the cold night.
Q.  Whyis there very often a fog over MARSHES
and RIVERS, at night-time ?

A. Because the air of marshes 183
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almost always mnear saturation ; and,
| therefore, the least depression of tempera-
{ture will compel it to relinquish some
lof its moisture in the form of dew or
{fog.
| Q.  What is the DIFFERENCE between dew and
{rain ?

| A. In dew, the condensation is made
inear the earth’s surface.

| In rain, the drops fall from a consid-
jerable hight.

Y Q. What is the cAUSE of both dew and rain ?
A. Cold condensing the vapour of
ithe air, when near the point of satura-
E:E'OTL

IR Q. Why do mist and fog VANISH at sun-rise ?
! A. DBecause the condensed particles
|are again changed into nvistble vapour
by the heat of the sun.

Q.  What is the difference between a MisT and
i FOG ?

A. Mist 1s generally applied to
apours condensed on marshes, rivers,
and lakes.

Foc is generally applied to vapours
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- condensed on land ; especially if those

vapours are laden with smoke.

Q. What is the reason why condensed vapour
sometimes forms into OLOUDS, and sometimes into
FOG ?

A. If the surface of the EARTH 18
hotter than the incumbent aur, the vapour
of the earth is chilled by the cold aar,
and becomes roc: DBut if the AR 1s
hotter than the earth, the vapour rises
through the air, and becomes CLOUD.

Q. If cold air produces fog, why s ¢ not
foggy on @ FROSTY MORNING ?

A. 1st—Becauselessvapour is formed
on a frosty day: and

2ndly—The vapour 1s jfrozen upon
the ground, before 1t can rise from the

earth ; and becomes HOAR-FROST.

Q. Why are fogs more general in AUTUMN,
than in spring ?

A. 1st—DBecause the air in spring 1s
generally much drier than in autumn ;
in consequence of which, 1t 1s not so near
the point of saturation : and

ondly—The earth in spring is not so
hot, as it is in autumn; 1n consequence

el e o

= it
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of which, its vapour is not chilled into fog,
as 1t rises mto the air.

Q. Why are fogs more common in VALLEYS,
than on hills ?

A. Ist—DBecause valleys contain more -
motsture than hills ; and
2ndly—They are not exposed to suffi-

cient wind, to dissipate the vapour.
Q. How does wiND dissipate fogs ?

A. Either by blowing them away ;
or else by dissolving them into vapour
again.

(. What is HOAR-FROST ?

A. There are two sorts of hoar-frost:

1.—FRrozeEN DEW : and 2.—FROZEN F0G.
Q. What is the cause of the GROUND hoar-
Jrost, or frozen dew ?

A. Very rapid radiation of heat from
the earth; in consequence of which, the
surface is so cooled down, that it freezes

the dew condensed upon it,

Q. Why s hoarfrost seen only after a very
CLEAR night ?

A. Because the earth will not have
thrown off heat enough by radiation, to
Jreeze the vapour condensed upon its
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surface, unless the night has been very:

clear indeed.

Q. Why does hoar-frost very often cover the
GROUND and TREES, when the water of rivers 1is
not frozen ?

A. Because it 1s not the effect of cold
in the air, but cold on the surface of the
earth (produced by excessive radiation),
which freezes dew nto hoar-frost.

Q. Why is the hoar-frost upon Grass and
VEGETABLES wmuch thicker than that upon lofty
trees ? '

A. Because the air (resting on the |
surface of the ground) i1s much colder
after sun-set, than the air higher up :
in consequence of which, more vapour 1s
condensed and frozen there. |

Q. Whyis the air (rﬂstmg on the swiface of
the earth) colder than that in the HIGHER regions 2 |

A. Because the earth radiates more
heat than the leaves of lofty trees ; and
therefore, more rapudly condenses and
freezes the vapour of the air, :

Q. Why are evergreens often IROST-BITTEN, |
when lofty trees are Nor?

A. Because they do not rise far abova ;
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the surface of the earth; and (as the air
contiquous to the earth i1s made colder by
radiation, than that m the higher regions)
therefore, the low evergreen 1s often frost-
bitten, when the lofty tree 1s uninjured.

Q.  Why is there little or no hoar-frost, under
SHRUBS and shady TREES ?

A, 1st—Because 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 field,
as the day advances ?

A. 1st—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 is the cause of that hoar-frost, which
arises from FROZEN F0G ? -

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 XVII. |

5 —CONVECTION.

Q. What is meant by the coNVECTION of heat 2
A. Heat communicated by beng:
carried to another thing or place; asf

the hot water rising from the bottom of ai§
kettle, carries heat upward in its ascent. §
(see p. R5%.)
Q.  Are liguids good coNnpUCTORS of heat ?
A. No; liquds are bad conductors;
and are, therefore, made hot by con-

vection.

Q. Why are liguids bad conductors of heat 2%

A. Because their particles (upom
every change of temperature) are pub
into motion, and do not remain sufficl
ently long in contact with each other tos
conduct heat progressively, like a bar of

1ron.

' B
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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. Eaplain how 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 is 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.  Howdo these two currents pass each other 9
A. The hot ascending current rises
p through the cenire of the mass of water;
hile the cold descending currents pass
own by the metal sides of the kettle.

For other questions upon the subject of hoiling water, see from
age 115 to 222,

Q.  Whyis heat applied to the BoTTOM, and
ot to the top of the kettle ?

A. Because the heated water always
pscends 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. Ads the lower part of a grate is made RED-
HOT by the fire above, why would not water boil if
Jire were applied to the Top of a kettle ? |

A. The #ron of a grate 1s an excellent
conductor ; 1f, therefore, ome part be
heated, the heat is conducted to every
other part : But water 1s a very bad con-
ductor, and will not diffuse heat in a

similar way. |
Q. Prove that water is 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 coow liguids, where should
the cold be applied ? ]
|

ity 1
- - ;—-—-J-h-__n—_mh-“i-l“

A. To the top of the liquid : because
the cold portions will always descend, and
allow the warmer parts to come 1n

contact with the cooling substance. 1
Q. Does BoiLING water get hotter by being
KEFT on the fire?
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A. No:—not if the steam be suffered
to escape.

Q.  W=aY does not boiling water get HOTTER,
if the steam be suffered to escape ?

A. DBecause the water is converted
nto steam, as fast as it boils; and the
steam carries away the additional heat.

Q. Why does soue keep hot longer than
boiling water ?

A. Because the grease and various
ingredients floating 1n 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 mor Jor a long
time, how could it be done 2

A. By adding a little starch or flour
to the water.

Q. Why would a little starcH, added to
boiling water, serve to keep it hot 9

A. Because 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, dec. remain
oT longer than water ?

A. Because the ascent of the hot
Y
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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 ?

A Steam is nvisible ; but when 1t
comes in contact with the air, and 1s con-
densed into small drops, it becomes visible.

Q. How do you know that steam is INVISIBLE 2 '

A. If you look at the spout of a
boiling kettle, you will find that the
steam (which issues from the spout) 18
always invisible for about half an anch ;
after which, 1t becomes wvisible.

Q. Whyis the steam invisible for half an inch?

= -

A. Because the air is not able to "
condense it, as it first issues from the §
spout ; -but when 1t spreads and comes m j
contact with a larger volume of air, thes
invisible steam is readily condensed mto.
visible drops. ‘é

Q. Why do steam-engines somelimes burst 2

A. Because steam is very elastic s
and this elasticity increases in a greater
proportion than the heaf which produces

it: unless, therefore, some vent be freely

—
I
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allowed, steam will burst the vessel which

confines 1t.
Q. Is air a good CONDUCTOR ?

A. No: airis a very bad conductor ;

and 1s heated (like water) by convection.
Q. How is a room warmed by a STOVE ?

A. The air nearest the fire is made
hot first, and rises ; cold air then descends,
18 heated, and ascends in like manner;
and this interchange goes on, till all the

air of the room 1s warmed.
Q. Why are fives placed on the ¥LoOR of aroom ?

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 youtake a poker out of a fire, and hold
the hot end DOWNWARDS : why is your hand scorched
with heat ?

A. Because the hot end of the poker
heats the avr around it; and this hot air

(in its ascent) scorches our hand.
- Q. How should a rRED-HOT poker be carried,
80 as not to burn owr fingers ?

A. With the hot end wpwards ; for
‘then the air (heated by the poker) would
‘not pass over our hand and scorch it.
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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 Gas is produced by the combination
of carbon and oxygen ? i

A. CARBONIC 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 s nof pures
but carburetted hydrogen.

Q. What becomes of the NITROGEN of the awr,
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 is said, that
oaygen ‘“ SUSTAINS LIFE" ? '
A. It means this: If a person could

not inhale owygen, he would die. ;
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Q. What coop does this inspiration of
oxygen do ?

A.  1st—It gives vitality to the blood :
and

Andly—Is the cause of animal heat.
Q. How s food converted into BLoop ?

A. Afteritis swallowed, it is dissolved
in the stomach into a grey pulp, called
CHYME; 1t then passes into the intestines,
and 1s converted by the “bile” into a
malky substance, called cHYLE.

Chyme pronounce kyme—chyle, pronounce kyle—each as one
syliable,

Q. What BEcoMES of the milky substance
called caYLE ?

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 is
oured into the veins ?

A. It mingles with the blood, and is

itself converted into blood also.

Q.  How does the oxygen we inhale, MINGLE
ith the blood ?

A. The oxygen of the air mingles
ith the blood in the lungs, and converts
t 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. e. impregnated with oxygen.

Q. Why are persons so PALE, who lwe in
rooms and cities ?

A. Because the air in close rooms
and cities is not fresh ; and being deji-
cient in oxygen, cannot turn the blood to
a beautiful bright red.

Q. Why are persons who live in the open air 3§
and in the country, of a RUDDY complexion ?

A. Because they inhale fresh awr,
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 1n CITIES SO FRESH,

as that in the COUNTRY ? |
A. Because it is impregnated withil
the breath of its numerous inhabitants,
the odour of its sewers, the smoke of 1tS
fires, and many other impurities. {
How does oxygen convert the colour f;
A. The colouring matter of the bloo’_

t
I
blood into a bright RED ? i
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1s 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 venows blood into a milky glass,

and hold it up towards the light, it will appear of a bright florid
colour, like arferial blood.

Q.  How does the combination of oxygen with
the blood produce animal HEAT ?

A. The principal element of the blood
15 carbon ; and this carbon (combining
with the oxygen of air inhaled) produces
8 carbonic acid gas, in the same way as
burning fuel. (See p. 39.)
;_ Q.  What becomes of the NITROGEN of the air
B after the oxygen enters the blood ?
8 A. Ttis thrown out from the lungs
unchanged, by the act of breathing; to
e again mixed with oxygen, and con-
erted into common Arr.

Q.  Why does the vitiated air (after the oxygen

as been absorbed ) comi: out of the MouTH, and not
wnle into the stomach 2

A. Because it is driven out by the
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guves out oxygen ; and thus supplies the
alr with the wvery 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
18 their principal food ; and all animals
exhale this gas from their lungs. Thus
anvmals supply plants with carbonic acid,

and plants supply animals with ozygen.
How s air HEATED ?

A. By “convective currents.” §
Q. Emplmn what s meant by “ CONVECTIVE
OURRENTS.’

A. When a portion of air is heated,
it rises wpwards in a current, carrying
heat with 1t : other colder air succeeds,
and (being heated in a similar WEI)
ascends also: and these are called1

“convective currents.” 4

¢ Convective currents”—so called from the Latip wnr@s. Cl=
vectus (carried with); because the /Zeaf is “carried with” the
current.

Q. - Isaw Fmated by the rays of the sux?
A. No; air is not heated (in any
seusible deg1 ee) by the action of the sun's
rays passing through it.
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Q. Whyis the air HOITER on a SUNNY day,
than on a cLouDY one?

A. DBecause the sun heats the sur-
ace of the earth, and the air (resting on
the earth) 1s heated by contact: as soon
fas 1t 1s heated ¢t ascends, and 1its place 1s
supplied by colder portions, which are
heated in turn also.

Q. If air be a BAD conductor, why does hot
iron become cold, by exposure to the AR ?
A. DBecause it i1s made cold—1st
By ‘“convection;” and 2ndly—By
“radiation.”

Q. Howis hot iron made cold by CONVECTION?
A. The air resting on the hot iron
(being intensely heated) rapidly ascends
ith the heat it has absorbed ; colder air
ucceeding absorbs more heat, and as-
ends also ; and this process is repeated,

11l the hot iron is completely cooled down.
Q.  Houw is hot iron cooled by RADIATION ?

A.  While its heat is being carried
ft by ‘convection,” the hot iron

hrows off heat (on all sides) by radiation
Iso.

R Rl e, .
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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.

Radiation.—TIt 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. L

Q. How is hot soup cooled down by coN-.

VECTION ? I

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. 11

The particles on the surface of the broth sink as they are cooled!
down, aud warmer particles rise to the surface; which greatly
assists the cooling process. '

Q. Why are hot tea and soups COOLED thes§
faster for being STIRRED about? -
A. 1st—Because agitation assiStSs

in bringing the hottest particles to thes
surface : '

2ndly—The action 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

Mthe air, convection 1s more rapid.

Blowing tea or broth cools it also. (See p. 186.)
Q. If a shutter be closed in the day-time, the
stream of light (piercing through the crevice ) seems
U CONSTANT agitation. WHY is this ?

A. Because little motes and particles
f dust (thrown into agitation by the
onvective currents of the air) are made
ws1ble by the strong beam of light,
hrown into the room through the crevice
f the shutter.

Q. Why can we not SEE the air ?

A Because it is perfectly transparent,
1. e. permits all the rays of light to pass
through it without reflecting any.

Q.  Why does water RISE in @ common pump ?
A. DBecause the pressure of the air
s removed from the water in the pipe of
he pump by the action of the sucker;

ut not from the water in the well.

Take a tube (shaped like a U) partially filled with water, and
et an equal weight be fitted to each orifice: so long as the
eights are undisturbed, the water will remain at the sane level
0 both sides of the tube: but if one weight be removed, its place
ill be instantly occupied with an equal weight of water. So
n 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 the well.
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Q. How high can atmospheric PRESSURE make
water rise in a pipe of a pump ?
A. About 30 feet above the level of

the water in the well.

Tt would be nearly 34 feet if the pump were of perfect con-
struction. Because a 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 is water PUMPED from a well more
than 30 feet deep ?
A. The piston-rod is made to extend.

within 80 feet of the water in the well ;i
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 lifled from deep wells, and never sucked upi |
beyond 30 feet. '

Q. Why does a syphon EMPTY a vessel of uts
liquad 2
A. Because one side of the bent
tube being longer than the other, con
tains a greater weight of water, and thesk

balance 1s destroyed.

The unequal weight of water in the two tubes, causes the water
of the longer tube to fall out and produce a vacuum. In a common¥
puUMP the vacuum is produced by the mechanical action of the
E’lll:kEr. ¢ g

Q. Why is it often difficult and painful to

breathe on a mountain top ?

e

— WL i

— e —
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A. Because the pressure of the air
on a mountain top is not so great as
on a 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 ?

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 is lowered, previous to a storm 2

A. Because the mercury of a barome-
er rapidly falls.

The mercury in the tube of the barometer is held up, like the
ater in the tube of the pump, by the pressure of the atmosphere.

Q.  Why do corss ache previously to RAIN ?

A. DBecause the rarefied state of the
ir causes distension in the tissues of the
eet ; and as the hard corn cannot swell
qually with the softer parts, irritation
8 produced in the fibrils of the nerves.
Q. Why do cELLARS feel WARM in WINTER ?
A. DBecause the external air has not

Z 3
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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 1ron.

Plumbago (strictly speaking) is a chemical union of carbon and
iron, in the following proportions:—9] parts carbon and 9 iron.
But the BLACK LEAD 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 « 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 colour) rust more readily, than polished
WHITE steel ?

A. Because thelilac tinge 1s produced
by partial owxidation; and the process 1§
which forms rust has already commenced. ¥

Q. How can lilac sSTEEL be kept FREE from
RUST ?

A. By keeping it in a dry place.

Q. If DRY AIR contains OXYGEN, why does it
NOT RUST 1RON, as well as MoIsT air 7

A. Because moisture 1s necessary to

bring into action the affinity of oxygen

for steel.

Water is decomposed by contact with iron ; but it is chiefly the
ozygen of water which rusfs iron. Even DRY air oxidizes iron af =
a ligh temperature, thus a red-hot poker is rusty, when 1t cools.

Q. Do any oTHER metals (besides iron)
combine rapidly with oxygen ? '
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A. Yes; copper,zine, lead, mercury;

and even silver oxidizes to some extent.
Q. Why do copPER and zINC larnish ?

A. The tarnish of copper and zine
is caused by their oxidation: that 1s,
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 1mAD become of a DARKER hue,
by being exposed to the air ?

A. Because the oxygen of the moist
air combines with the lead, and oxidizes
uts surface ; which instead of becoming

rusty, assumes a darker hue.
Q. Why does lead lose its brightness, and
become puLL, by being exposed to the air ?

A. The dullness of the lead 1s caused
by the presence of a carbonate of the
oxide : When the oxide 1s formed, 1t
attracts carbonic acid from the air, and
by combining with 1t produces a carbon-
ate, which gives the dull tint to old lead.

Q.  Why is it difficult to keep silver BRIGHT ?

A. DBecause the vapour of the air
oxidizes its surface, and tarnishes 1t.
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The tarnish of silver forks and spoons, is often due to the
sulphur and sulphuretted hydrogen of certain fuods united to
the silver by saliva, according to a regular galvanic process.
N. B. Withont saliva, egg spouns, &e. will not tarnish from food,
because the galvanic influence 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
is used, o make them more hard and
lasting ; and this alloy oxidizes more

quickly, than silver itself.
Q. Why does GERMAN silver turn a dingy
vellow in a few hours ?

A. Because German silver hasa great
affinity for oxygen ; and shows its oxida-
tion by a yellow tarnish, instead of rust.

Q. If quicksilver (or mercury) will tarnish
like copper and lead—uwhy does it preserve its bril-
liancy in BAROMETERS @itd THERMOMETERS ?

A. Because the air is excluded ; and
no moisture can come in contact with 1it,
to oxidize (or tarnish) it.

Q. Is corp affected by the atmosphere ?

A. Not readily; gold will never
combine with oxygen of itself, (i. e.
without aid). 1

Q. WaurcH of the metals is capable of resist-
ing oxidation altogether ? k

A. Platinum; in consequence Oof¥
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which, the graduated arecs of delicate

‘““ instruments for observation” are made

of platinum, in preference to other metals.
Before plat'inum was known, gold was used for this purpose.

Q.  Why is pLar’ixum 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), o ealled from “plata,” the
Spanish word for silver. It was introduced from South America
into England by Mr. Wood, (A. D. 1749).

Q. For what other SCIENTIFIC purpose is
PLAT INUM now used ?

A. For the construction of erucibles
in which acids are to be employed ; and
for the formation of some of the plates

for galvanic batteries.

Q. Why are oruciBLEs (in which acids are
employed) made of pPLAT INUM ?

A. Because the acid would act upon
other metals, or upon glass ; and prevent
the experimenter’s success.

Q. Which of the METALS have the greatest
finity for oxyGEN ?

A. Those called potassium and
o’drum.
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Potas'sium and so’dium derive their names from potash and
soda. Potas’sa is the oxide of potas’sium ; and soda is the oxide
of so'dinm.

Q. How is 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'STUM on water ?

A. Tt decomposes it. The hydrogen
being set free, combines with the oxygen
of the air, and 1s ignited by the latent

heat liberated from the potassium.

N. B. Water is composed of oxygen and hydrogen ; Potassium
separates these two gases.

Q. What effect has s0'DIUM on water ?

A. It does not produce jflame, as
potassium does; but 1t decomposes water,
and undergoes very rapid ozidation.

Q. Is the FURR of KETTLES an oxide ?

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

DANGEROUS ? _
A. Yes; especially in tubular boulers,

such as those employed in railways.
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Q. Why is TURR especially troublesome in
RAILWAY engines ?

A. Because it is a bad conductor of
heat : 1n consequence of which, it hinders
the process of evaporation ; and as more
fuel is required to produce the needful
amount of steam, a great waste of fuel
1s 1ncurred.

Q. Why is FURR especially DANGEROUS in
RAILWAY engines ?

A. Because the boilers are likely to
become over-heated, when fur is deposited
In them, as the water is 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 Jed with
BRACKISH water P

A. Because brackish water contains
much mineral matter ; which causes g
large deposit of furr.

Farr may be removed from kettles by boiling in them a lit{le
sal-ammoniac (kydrochlorale of 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.

A &
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CHAPTER XIX.

————

CARBONIC ACID GAS.

Q. What is CARBONIC ACID gas ?

A. A gas formed by the union of

carbon and ozygen : It used to be called

CiL »n
FIXED AIR.

3 1bs of carbon and 8 lbs. of oxygen will form 11 Ibs. of car-
bonic acid. It may be obtained and collected in the usual way,
by pouring a mixtare of one part of muriatic acid, and 10 of
water, on pounded marble contained in a retort,

Q. Under what circumstances does CARBON
most readily unite with 0XYGEN ?
A. 1st—When 1ts {temperature 18

raised : Thus if carbon be red hot, oxygen
will most readily unite with it : and
9ndly—When it forms part of the fluid.

blood.

Q. Why do owygen and carbon so readily

unite in the BLOOD ?

A. Because the atoms of carbon are:§

so loosely attracted by the other materials:
of the blood, that they unite very readily’
with the oxygen of the air inhaled.

Is carbonic acid WHOLESOME ?
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A. No; 1t 1s fatal to ammal Ufe ;
and (whenever inhaled) acts like a nar-
cotic poison, producing drowsiness, which

sometimes ends in death.
Q. How can any one ENow, if a place be
infested with CARBONIC ACID gas ?

A. If a pit or well contain carbonie
acid, a candle (let down into 1t) will be
wnstantly eaxtinguished. The rule, there-
fore, 1s this—Where a candle will burn,
a man can live ; but what will extinguish
a candle, will also destroy hife.

Q. Why does a MINER lower @ CANDLE to the
bottom of a mine, before he descends ?

A. Because a candle will be extin-
guished, 1f 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 11ME in wells, before they descend ?

A. Because if carbonic acid be pre-
sent, the lime will absorb it to form
carbonate of lime.

Q. Why does a cROWDED RooM produce
| HEAD-ACHE ?

A. Because its air is vitiated by the
- action of many human lungs. aa@2
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Q.  Whyistheairof aroomvitiated bya crRowp?

A. Because it 1s deprived of its due
proportion of oxzygen, and laden with
carbonic acud.

Q. Howistheair of aroomvitiated by a crowd ?

A. The elements of the air inhaled are
separated 1 the lungs:—A part of the
oxygen 1s 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, 1n consequence of its fermentation.
This gas remains in the lowest hollows
of the hull, in consequence of its great
weight.

Cargoes of 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, so
well known in connexion with the * Brack HorLe”

of Cllcutta.
A. In the reign of George 1I., 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 IEnglish were
obliged to submit, and 146 persons

were taken prisoners.

The Suor 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
i 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 123 persons SUFFOCATED in a

few howrs, from confinement in this close hot
PRISON-hole ?

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 the captives in the Brack HoLg
di¢ SLEEPING ?

A.  lst—DBecause the absence of oxy-
Ad o
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gen quickly affects the vital functions,
depresses the nervous energies, and
produces great lassitude : and
2ndly—Carbonic acid (being a narcotic
poison) produces drowsiness in those who

imhale 1t, before it kills them.

The floor of the Grotto del Cane, in Italy (i.e. Cavern of Dogs)
is always laden with carbonic acid. It isa common practice with
the guides who shew it, to drive dogs in, and cause them to suffer
a temporary death. A man may safely enter the cavern, becaase
his mouth reaches far above the noxious gas, which, being nearly
twice as heavy as air, settles on the bottom of the cave.

The Lake Averno, which Virgil supposed to be the entrance to
the infernal regions, gives out so much of this gas, that birds,
flying over it, are suffocated. ILake Averno means, tke lake

destructive to birds.
Q. Why are the yuseLEs of Javw and Hin-
dostan so FATAL to life ?

A. Becausevast quantities of carbonic
acid are thrown off by decaying vegetables
in these jungles ; and (as the 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 in a crowded CHURCH fecl
DROWSY ! '
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 lungsof thecongregation: and

2ndly—The air of the church is im-
pregnated with carbonic acid gas, which
(bemng a strong narcotic) produces drow-
siness 1n 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 CITIES ?

A. I1st—DBecause there are fewer
inhabitants to vitiate the air :

2ndly—There are more trees to restore
the pure character of the vitiated air : and

3rdly—The free ecirculation 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 COUNTRY AIR more pure ?

A. Becausethe 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 make
country air WHOLESOME ?

A. Ist—Because they absorb the car-
bonic acid generated by the lungs of
animals, putrid substances, and other
noxious exhalations: and

Rndly—Trees and flowers restore to
the air the owxygen, contained in the

carbonic acid, which they absorb.

Q. Why is the air of cities less wholesome,
than COUNTRY air ?

A. I1st—Because there are more
wmhabitants to vitiate the air :

2ndly—The sewers, drains, bins, and
Julth of a cuity, very greatly vitiate the air :

drdly—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. Why are persons, who live in close rooms
and crowded cities, generally sioxLY ?

A. Because the air they breathe is
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not pure; but is both defective 1w oxygen,
and also- impregnated with carbonic acid.

Q. Where does the carbonic acid of close
rooms and cilies COME from ?

A. From the lungs of the inhabitants,
the sewers, drains, and other like places,
in which organic substances are under-
gomg decomposition.

Q. What BEcoMmES of the carbonic acid of
crowded cities ?

A. Some of 1t 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 carbonic
acid affect the PURITY of the WHOLE air ?

A. No; because it is wafted by the
wind from place to place, and absorbed in
1ts passage by the vegetable world.

Q. What is CHOKE DaMPp ?

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 this carbonic acid TAKEN up
by the air and PIFFUSED, as it is in cities 9
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A. Because 1t cannot rise from the
well or pit, In consequence of being
heavier than air; and no wind can get
to 1t, to help 1ts diffusion.

47% 1bs. of carbonic acid weigh as much as 100 lbs. of
atmospleric air.

Q. Why are persons somelimes 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 carbenic acid, he 1s 1m-
mediately killed thereby.

Q. Why are persons often KILLED, who enter
BEER VATS lo clean them ?

A. Because carbonic acid (being hea-
vier than atmospheric air ) often rests upon
the bottom of a wvat: when, therefore, a
person enters it, and stoops to clean the
bottom, he inhales the pernicious gas,
which kills him.

Q. Why are persons sometimes killed by
having @ CHARCOAL FIRE i their bedrooms ?

A. Because the carbon of burming
charcoal, unites with the oxy Jen, of air,
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and forms carbonic acid gas; which is a

narcotic poison.

Q.  If carbonic acid settles at the BorToM of
a room, how can it injure a person LYING upon a
BED, raised considerably above the floor 2

A. All gasesdiffusethemselvesthroug
each other, as a drop of ik would diffuse
itself through a cup of water. If, there-
fore, a person slept for 6 or 8 hours 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 :

2ndly—The decomposition of vegeta-
ble and animal matter : and

3rdly—Lime-stone, chalk, and all cal-
careous stones, in which 1t exists in a

solid form.

Q.  From which of these sources is carbonic
acid most likely to ACCUMULATE to a nowious 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
accumulation of carbonic acid ?

A. By absorbing it; and producing a
combination called * carbonate of lime.”

When lime is slaked, all its earbonic 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 is dissolved ?

A. It renders it shightly acid to the
taste.

Q. Can the caracITY of water jfor dissolving
carbonic acid be increased ?

A. Yes. Carbonicacid may be forced
into water by pressure to a considerable

extent.




EFFERVESCENCE. S

Q.  Towhat practical vsrEs has this capacity of |
water (for dissolving carbonic acid ) been applied ?

A. Effervescing draughts are made
upon this prineiple.

Q. Eaplain the cause of EFFERVESCENCE in
these beverages.

A. The carbonic acid of the beverage
(imprisoned by the cork) is forced into
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 ALRATED water effervesce when
the corxk is 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 effervesce ?

A. Because it contains 8 times its
own bulk of carbonic acid gas, which has
been forced into it by pressure; which
makes its escape 1n effervescence, as soon

as the cork 1s removed.

Q.  Why does ciNGER PoP fly about in Jfroth,

when the string of the cork s cut ? 58
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A. Because it contains carbonic acid
gas. While the cork 1s fast, the carbonic
acid is forced into the liquor; but when
the pressure is removed, the gas is given
off 1n effervescence.

N.B. All vinous fermentation produces carbonic acid.

Q. Why does BoTTLED ale froth more, than
DRAUGHT ale ?

A. Because the pressure 1s greater
in a bottle, than in a tub which 1s
continually tapped: and the amount of
effervescence 1s always in proportion to
the pressure to which the liquid has been

subjected.

Q. What produces the FROTH ¢f BOTTLED
porter ?

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
1s removed.

Q. What gives the pleasant AcTD taste to soda
water, ginger beer, champagne, and cider ?

A.” The presence of carbonic acid,
generated by fermentation ; and liberated
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by effervescence, when the pressure of

the cork 1s removed.

Q. Why does fresh SPRING WATER SPARELE,
when poured from one vessel to another ?

A. DBecause 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, &e., when
they are “ poured high,” is due to common air imprisoned by the
action of dropping water.

Q. What is the FERMENTATION of BEER and
WINE ?

A. The escape of carbonic acid,
produced by the change of sugar into
al’cohol.

Q. What 1s ArL'conorL ?

A. The spuit of beer and wine,
obtained by fermentation.

Q. Of what ELEMENTS 7s AL’ COHOL composed ?

A. Of carbon, oxygen, and hydrogen.

Of Avr'comor, 4 parts are carbon ; 2 oxygen; and 6 hydrogen.

Q. IWhat are the FLEMENTS of grape SUGAR ?

A. Carbon, oxygen, and hydrogen,
all in equal proportions.

Q. What cmaxcrs does sUGAR undergo by
FERMENTATION ?

A. It is first decomposed; and then
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its elements re-unite in different propor-
tions; producing al'cohol, carbonic acid,
and water.

Of suGAR, one portion is alcoliol ; and another carbonic acid :
as may be seen by the following table :—

. Carbon. Oxygen Hydro.
Every atom of anhydrous sugar contains 12 12 12

Two atoms of aleohol contain 8 4. 12
Four atoms of carbonic acid contain 4 8 0

12 12 12

N. B. “ Anhydrous sugar” is sugar dried at 3000,

Q. How does suGAr form Avr'comoL by fer-
mentation ?

A. Two-thirds of its carbon and one-
third of 1its oxygen re-unite with the

hydrogen, and generate al'cohol.

Q. How does suGAR form carbonic acid by
fermentation ?

A. The remaining one-thurd of 1its
carbon and two-thirds of its oxygen
re-unite, and generate carbonic acid.

Q. What BrecoMes of the al'cohol, which ts
thus generated by fermentation ?

A. It mixes with the water, and forms
the wntoxicating part of beer and wine.

Q. What is the most common reason for beers
wine, and other fermented liquors turning sour ?
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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 s barley malted ?

A. It 1s 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 GrRow
as well as sprouT ?

A. DBecause plants in the germ contain
more sugar, than 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 SHOOTING,
in the process of MALTING ?

A. It is put into a kiln, as soon as it
sprouts; and the heat of the kiln checks
or destroys the young shoot. Ba 8
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Q. What is YEAST?
A. The foam of beer (or of some

similar liquor) produced by fermentation.
Q. Why is YEAST used in BREWING ?

A. Because 1t 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 is 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 maLT 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

glwten into yeast.

Q. Why is YuasT needful, in order to make
the infusion of malt into BEER ?

A. Because the presence of a putre-
fying body containing nitrogen isessential,
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 alcohol and carbonic
acid ; and its GLUTEN into yeast.

Q. What change is produced in glu'ten by
PUTREFACTION ?

A. Its 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 PUTREFAGTION ?

A. FErMENTATION is a change
effected in the elements of a body com-
posed of carbon, oxygen, and hydrogen,
without mitrogen.  PuTrREFACTION 1S &
change effected in the elements of a
body composed of carbon, oxygen, hy-

drogen, and nitrogen.

Q.  What xew compouNps 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.
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Q. What new compounds are produced by the
change called PUTREFACTION ?

A. The carbon, oxygen, hydrogen,
and nitrogen, of the original substance
(being separated by decomposition) re-
unite 1n the following manner. 1. Carbon
and oxygen unite to form carbonic acid.
2. 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 su/phur and phosphorus unite with Aydrogen, an form
sulphuretted and phosphureited hydrogen gases.

Q. What BecoME of these several products of
putrefaction ?

A. They are all elastic bodies, and

escape into the aur.
N.B. Water in the condition of vapour, is both elastic 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 EGGS DISCOLOUR @ SILVER -

SPOON 7
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A. Because they contain a small
portion of sulphwr, which unites with the
sulver, and tarnishes it as soon as it is
moistened 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 EGes ?

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. Why is it Not needful to put YEAST into
GRAPE juice, in order to produce fermentation 9

A.  Because grape juice contains a
sufficient quantity of a nitrogenized
substance like yeast, to produce fermen-
tation without it.

Nitrogenized, i. e. containing nitrogen.
Q.  Why do not GRAPES ferment, while they
hang on the viNg ?

A. DBecause the water of the Juice
evaporates through the skin, and allows

the grapes to shrivel and dry up, after
they are ripe.
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Fermentation cannot occur unless the sugar be dissolved in a
sufficient quantity of water.

Q. What is the ¥FrRoTH of scuM of fermented
liquors ?

A. Putrefying glutinous substances
(resembling yeast), which rise to the

surface from their lightness.
Q. Why 1s beer ¥rAT, if the cask be left open
too long ?

A. Because too much of the carbonie
acid gas, (produced by fermentation) 1s .

suffered to escape.
Q. Why are beer and porter made stale by
beiny exposed to the AIR?

A. Because too much of the carbonee
acid gas, (produced by fermentation) 1s

suffered to escape.

Q. Why does beer turn ¥LAT, if the VENT PEG
be left out of the tub? . ;

A. Because the carbonic acid gas
escapes through the vent hole.

Q. Why will Nor beer run out of a tub, till
the VENT PEG 18 taken out ? -

A. Because 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 upward 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 piec: 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, immedi-
ately the VENT PEG s taken out ?

A. DBecause air rushes immediately
through the vent hole at the top of the tub,
to counterbalance the air admitted by
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,
in order to be emptied of its liquor ?

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 ?

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 ginger beer very soon go off ?

A. Because the carbonic acid, (which
produced the effervescence) very rapidly

escapes into the air.
Q.  Why is boiled water vLAT and insipid 2

A. Because the whole of the carbonic
acid 1s expelled by boiling, and escapes

wmto the aur.
Q.  Why does yeast make bread ricuT?

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 does FERMENTATION make the dough
RISE ?

A. During fermentation, carbonic
acid gas 1s evolved; hut the sticky
texture of the dough will not allow it to
escape ; so 1t forces up little bladders all

through the dough.
Q. Why is poucH placed before a fire ?
A. 1st—DBecause the heat of the fire

increases fermentation : and




BREAD.—HEAT EVOLVED. 289

ndly—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 NurTRITIOUS
than that made from any other grain ?

A. DBecause 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 ozygen from the air, and produces
carbonic acid gas, by which chemical

action heat is 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 a way similar to burning
fuel. C a
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Q. Whence does the HEAT of @ DUNGHILL
arise ?

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 formaiion of CARBONIC ACID
(in all these cases) produce HEAT ?

A. Carbonic acid has less power of
holding latent heat, than carbon and
oxygen have: when, therefore, these ele-
ments are changed into carbonic acid,

latent heat is given off, and made sensible.
Q. Whydo persons throw LIME into bins and
sewers, to PREVENT their 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 bicarbonate, in
consequence of the presence of abundant carbonic acid. Car-
bonic acid escapes by esposure to air—and the lime is consequently,
deposited as a carbonate. The bicarbonate of lime contains twice
as much carbonic acid as the carbonate.
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Q. Why is hard WATER made SOFTER by
exposure to air ? ;
K. 1st—DBecause the mineral salts

(which cause its hardness) subside : and
2ndly—Because the carbonic acid of
the water makes 1ts escape 1nto the air.
Q. Houw is the carbonic acid of water produced ?
A. By the presence of what is called
the bicarbonate of lime, which 1s fre-
quently held in solution by hard water.

Bicarbonate of lime is a salt, composed of lime and carbonic
acid,

Q. Why is HARD WATER wmore agreeable to
DRINE, than soft water ?

A. Chiefly because it contains car-
bonie acid. 3!

Q.  Why is water, FrRusH 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 1nto the air, and leaves the water
flat and stale.

Q. Why is Quick-LIME formed by subjecting
chalk and limestone to intense heat in a kiln ?

A. Because the carbonic acid (which
rendered it mild) is driven off by the
Car
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heat of the kiln : and the lime becomes

quick or caustic.

¥
Chalk and lime-stone are not durné, 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 to which

water has been added.

When guick-lime is slacked, by the addition of water, great heat
is given out ; the lafent heaf of the fAuid water being made sensible
when it becomes solid by uniting with tlie lime.

Q. Why does MORTAR become HARD, after a
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

lime-stone.
Q. Ezplain in what way MORTAR 1s adhesive,

A. When the carbonic acid 1s expel-
led, the hard lime-stone is converted into
a loose powder, which (being mixed with
sand and water) becomes a soft and sticky
plaster ; but, as soon as 1t 1s placed
between bricks, it re-imbibes carbonic acid
and hardens into lime-stone again. |
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CHAPTER XX.

CARBURETTED
HYDROGEN GAS.

Q. What ts CHOKE-DAMP ?

A. Carbonic acid gas accumulated
at the bottom of wells and pits. It 1s
called caoxkE damp, because 1t chokes
(or suffocates) every anvmal that attempts
to inhale it (see p. R66).

It suffocates without getting into the Jungs, by closing the outer
orifice spasmodically.

Q.  What s marsh-gas or FIRE-DAMP !

A. Carburetted hydrogen gas accu-
mulated on marshes, in stagnant waters,
and coal pits; 1t i1s frequently called

“inflammable air.”
Q. What is CARBURETTED HYDROGEN GAS?

A. Carbon chemically combined with
hydrogen.

Q. How may CARBUREITED HYDROGEN GAS
be PROCURED on marshes 2

A. By stirring the mud at the bottom
casd |
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of any stagnant pool, and collecting the
gas (as 1t escapes upwards) in an inverted
glass vessel.

Q. What s COAL-GAS ?

A. Carburetted hydrogen, extracted
from coals by the heat of fire.

Q. Why s carburetted hydrogen gas called
FIRE-DAMP, or inflammable aw ?

A. Because it very readily explodes,
when a light 1s introduced to 1it.
Provided atmospheric air be present.

Q. Why 1is carburetted hydrogen gas fre-
quently called MARSH GAs ?

A. Because 1t 18 generated in
meadows and marshes from putrefying
vegetable substances. &

See ignis fatnus, 208.

Q. What gas is evolved by the Wick of a
burning 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. 1§

Q. How can miners SEE in coal puts if they
may never introduce a 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 SAFETY-LAMP ?

A. A kind of lantern, covered with a
Jine wire gauze, instead of glass or horn.

Q. How does this fine WIRE GAUZE prevent
EXPLOSION ©n 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 not FLAME PASS THROUGH very
Jine wire-cavzg ?

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 mme.

Q. Does the gas of a COAL-PIT gel THROUGH
the wire-gauze INTO the LANTERN ?

A. Yes; and the inflammable gas
ignites, 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 1s 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 1t.

N. B. When the carburetted hydrogen gas explodes from a
miner’s candle, the miner sometimes perishes in the blast of the
flame ; and sometimes, suffers sugfocation 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 1s phosphorus combined
with hydrogen gas.

The escape of ammonia and sulphuretted hydrogen contributes

" much to this offensive odour.

Q. What is PHOSPHORUS ?

A. A pale amber-coloured substance,
resembling wax in appearance. The
word 1s derived from two Greek words,
which mean ““ ‘o produce or bring light.”
(qﬁrﬁr-(ﬁgpew.)

Q.

How 1s PHOSPHORUS obtained ?

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 0F LIME ?
A. The principal constituent of bones.
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It 1s a compound of phosphorus, oxygen,
and lime.

'I';hﬂsphurua and oxygen in combination constitute phosphoric
acid.

Q. Of what is the ignitible part of LUCIFER
MATCHES made £

A. Of phosphorus; and above 250
thousand 1lbs. are used every year in
London alone, merely for the manufac-
ture of lucifer matches.

Q. Why do lucifer matches so readily 1gnite 2

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 ts the cause of the IGNIS 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 Candles” are the same things.

Q. Why are these luminous phantoms 8o
seldom seen ?
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A. Because phosphoric hydrogen is
so very volatile, that it generally escapes

mto 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 si ngular property of this gas
to ignite spontaneously 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 fatuus, or Will o'the
Wisp, ¥LY from us when we RUN to MEET it 2

A. Because we produce a current of
alr in front of ourselves, (when we run
towards the ignis fatuus) which drives the
light gas forwards. | ©

Q. Why does an ignis fatuus run 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 meadow, sometimes pro-

duce an appearance similar to the 1gnis
fatuus.
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Q. May not many GHOST siories have arisen
from some ignis fatuus lurking about churchyards ?

A. DPerhaps all the ghost stories
(worthy of any credit at all) have arisen
from the 1gnited gas of churchyards—
lurking about the tombs; to which fear
has added 1ts own creations.

CHAPTER XXTI:
WIN D.

Q. What s wind ?
A. Wind 1s air mn motion.

Q. What purs the air in motion, so as to
produce WIND ?

A. The principal causes are vara-
tions of heat and cold ; produced by the
succession of day and mnight, and of
summer and winter.

Q. What effect has BEAT upon the awr ?

A. Heat rarefies the air, and causes

1t to expand. _
Q. How do you RNow that heat causes the
air o EXPAND !
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A. If a bladder half full of air (tied
tight round the neck) be laid before a

fire, the air will expand by the heat, and

Jill the bladder.

Q. What effect t{/ produced upon 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 arg by corp ?

A. Tt is condensed, or squeezed 1nto
a smaller compass: 1n consequence of
which, it becomes heavier, and descends

towards the ground.
Q.  Prove that air is condensed by coLp.

A. Laya bladder half full of air before
a fire, till it has become fully mflated ; if
1t be now removed from the fire, the
bladder will collapse again, because the
air condenses into its former bulk.

D g
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Q. What is meant by the bladder ‘‘ COLLAP-
8ING 1"’

A. The skin becoming wrinkled,
shrivelled, and flabby ; because there 18
not sufficient air inside to fill it. >

Q. How do you KNOW that ¢ NDENSED air
will DESCEND ?

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 (like water)
is a very bad conductor.

Q. How is ATR HEATED ?

A. By convection, thus :—The sun
heats the earth, and the earth heats the
air resting upon 1t ; this hot air rses, and
is succeeded by colder air, which is heated
in a similar way ; till the whole volume
is warmed by these * convective currents.”

What is meant by ‘' CONVECTIVE CUR-
RENTS” of hot aiur?

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 in @ ROOM n perpetual motion,
as the air ABROAD s ?

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 wnto the room. -
Q. How-do you Exow, that there are these
TWO currents of air in every occupied room ?

A. If I 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 inwards

(into the room).

N.B. This is not the case when a fire is in the room. When a
fire 1s lighted, an inward eurrent is drawn throngh a// the erevices.

Q. Why would the flame be blown oUTWARDS
(towards the HALL), 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.

Da2
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Q. Why would the flame be blown INWARDS
(into the rRoom), if a candle be held at the BoTTOM
of the door ?

A. Because the cold air from without
1s rushing wnwards, 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 1s pressed out by the
cold air coming in below; and escapes
by means of the crevices at the top of
the room. W ¢ L

Q. Whyare 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 ajfect the
temperature of particular situations ?

A. 1st—The elevation and form of
the land:

2ndly—The proximity of the sea :

3rdly—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. TWhat effect is produced on temperature by

the configuration of LANDS !
A. Islandsand pemnsulas 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 1t tends to

dvminish the heat; in cold climates to

mitigate the cold.
Q. Whateffect have MOUNTAINS on lemperature ?

A. Chams of mountains which ward
off cold winds, raise temperature; but
mountains which ward off south and west
winds, lower it. ~

Q. What effect has sotr, on temperature ?

A. A sandy soil which 1s 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 samg velocity ?

A. The velocity of wind varies from
100 miles an hour in the tornado, to the
scarcely perceptible motion of a gentle
breeze.

Da3
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Q. How does the rotation of the earth upon
uts aais affect the motion of the air?

A. In two ways. 1st—As the earth
moves round 1ts axis, the air 1s lelt
somewhat 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
“ YERTICAL RAYS” P

A. When the sun 1s 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,

1 constant successton.
Q. Why is it NooN-DAY lo the place over
which the SUN ts VERTICAL ?
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A. DBecause the sun is half-way

between rising and setting to that place.

Q.  Show how this rotation of the earth affects
the A1R.

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 noon-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 awr
about this spot ?

A. Yes; the air over the place, which
has passed the meridian, is cooling ; the
air under the wvertical sun, is the hottest ;
and the air, which is over the place about

to pass under the meridian, is increasing

m heat.

See fig. on p. 309. The column A (which the sun has passed)
is cooling; B is under the vertical sun; aund Cis increasing in
heat.

Q.  How does this VARIETY in the HEAT of AIR
produce WiNp ?

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 divection of the suN !

A. Because the direction of the wind
is subject to perpetual interruptions from
hills and valleys, deserts and seas, &e.

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 1t 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 awr is condensed,
when it comes in contact with them; as
soon as the temperature of the air 18
changed, the direction of its currents are
altered also.

See figure on next 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 is
verlical ; and C, the column which is fo de heated nert. In this
case, the cold air of A will rush towards B; because the air of B
1s kotler than that of A. But suppose now C to be a snow-capped
mountain : as 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 sum, it is 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. Ist—Because the evaporation of
the sea is greater than that of land : and
Andly—The constant motion of water

prevents the increase of temperature at
the surface.
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Q. Why does the EVAPORATION of the séa pre-
vent its surface from being heated by the vertical sun?

A. DBecauseits heat 1s absorbed in the
generation of wapour, and carried off
into the ar.

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 1s
succeeded by another ; and this constant
motion prevents the surface of the sea
from being more heated than the water

below the surface.
Q. How do cLoups affect the WiNDp ?

A. As passing clouds screen the
direct heat of the sun from the earth,
they diminish the rarefaction of the ar
also: and this is another cause why
neither the strength nor direction of the
wind 1s uniform.

Q. Do winds EVER 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 reqular winds, which blow
over the Atraxtic and Paciric Oceans, called ?

B R L~ R
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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 pirecTION do the trade winds blow 2

A. That in the northern hemisphere
blows from the north-cast : that in the

southern hemisphere, from the south- cast.

Q.  Why do not these polar or trade winds
blow from the ruLL xorTH and sours, directly
towards the torrid zonme ?

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 9

A. Inthe same way as hedges,houses,
or trees, (to a person in a carriage) seem
to be running in an opposite direction.

As the circamference of the earth at {le equator is much larger
than the circumference of the earth at the poles ; therefore, every
Bpot of the earth's equaforial surface must move much Jasler, than
the corresponding oue at the poles.
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Q. Why do currents of air flow from the
POLES {0 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 air from the poles.

Q. Is there an UPPER as well as a LOWER
CURRENT, tn the atmosphere ?

A. Yes; the upper current of rare-
fied 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 awr ?

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 is the AIR affected by these 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?

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 in
rain.

Q. How are croups affected by the equatorial
and polar currents of air 9

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 rises into the other.

Q. Do trade winds blow Jrom the north-east
and south-east ALY, the YEAR ROUND ?

I a
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A. Yes, in the open sea; that 1s, in
the Atlantic and Pacific Oceans, for about
80 degrees each side of the equator.

Q. What becomes of the north-easterly and
south-easterly trade winds, when they approach the
equator ?

A. They are lost 1n a region of calms,
1 which wessels are often detamed for a

considerable time.
Q. Is this region of calms FIXED inits position ?

A. No; it shifts its place, according
to the sun’s distance, and position 1n
regard to the equator: being sometimes
entirely to the north of the equator, and
occasionally reaching as far as 2 degrees

soulh of 1t.
Q. Do the TRADE wixDs blow uniformly from
north-east and south-east in the Inpran OcEaN ?

A. No; nor yet in those parts of
the Atlantic and Pacific which verge on

the contiments.
Q. How do the wixps blow in the INDIAN
OceaN?

A. From April to October a south-
west wind preva 1]5 but from October to
April, a north-cast.
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Q. What are these periodical currents of air
(which affect the neighbourhood of the Arabian,
Indian, and Chinese Scas) called ?

A. They are called moNsooNs.

The word monsoon is of Arabic derivation, mausim (a set time
or season).

Q. How far do the limits of the MONSOONS
extend ?

A. From the African shore to the
longitude of New Guinea; and northward
as far as the parallel of latitude, which

crosses the I.oochoo Isles.

The Loochoo Isles are about 240 north latitude, and 30 east
longitude.

Q. Why do mnot the winds in the INDIAN
Ocean blow south-west from April to October, like
the trade winds ?

A. DBecause the air of Arabia, Persia,
India, and China is 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 3 degrees south of the
equator, to the shores of the Arabian,
Indian, and Chinese Seas.

E a 2
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Q. Why does the wind (in the INpIAN OCEAN)
blow north-east from October to April ?

A. Because the southern part of the
torrid zonme 1S most heated when the sun
1s south of the equator: and the colder
alr from the north rushes towards the
southern tropie, producing a NORTH-EAST
wind for six months of the year.

Q. Are the monsoons as POWERFUL as the
trade winds P

A. They are far more so, and very
often amount to violent gales.

- Q. Why are MoNsSOONS more USEFUL to the
mariners than the fived TRADE WINDS ?

A. Because mariners are able to avail
themselves of these periodic changes, to
go 1n one direction during one half of the
year, and to retwrn in the opposite direc-
tion during the other half.

Q. Houw s the change of the monsoons marked ?

A. By an interval of alternating
calms and storms.

‘ £
T

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 mest frequent in July and August. N-Fast
winds in January, March, April, May, and June; but least
frequent in July, September, and December.

Q. When are the wisps in EurorE generally
the HIGHEST ?

A. The winds in December and Jan-
uary are generally the highest. Those
in March and November the next; and
those in August and September are the
least boisterous. I~

Q. Why ave the winds of Furope generally
HIGHEST 1 DECEMBER and JANUARY ?

A. Because the sun is 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 coNTRAST of heat increase
the VIOLENCE of the wixD ?

A. Because the air always seeks to
Preserve a state of equilibrium ; therefore,
E a 3
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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 AUGUST ?

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 welocity in our
northern hemisphere in those two months
than in any other.

Q.  Shew the goodness and wisdom of Gob, in
this constant tendency of air to equilibrium.

A. If the torrid zone were not tem-
pered by cold air from the polar regions,
1t would become so hot, that no human
being could endure it. If (on the other
hand) the polar regions were never warmed
by hot air from the torrid zome, they
would soon become wnsujferably cold.

Q. In what oTHER way does the mingling

of the polar and equatorial atmosphere act

BENEFICIALLY ?
A. In the equatorial regions, the

T S e T o i Ml
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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 ULfe, 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 which

1t would be otherwise defective.

Q. How does the mingling of the POLAR and
EQUATORIAL atmosphere serve to supply each region
with the GAs it most requires ?

A. The plants of the EQUATORIAL
regions require carbonic acid :—The
anvmals 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 Bast wixps t England generally
coLD ?

A. Because they pass over the cold
swampy plaius 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 Easr wiNps 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 lLittle water.

Q. How does this account for the drying
power of the EAST winds ?

A. Being dry when they reach our
island, they readily imbibe moisture from
the air and clouds ; and, therefore, bring
dry weather.

Q. Why are xortH WINDS in England
generally corp ?

A. Because they come from the polar
regions, over mountains of snow, and
seas of 1ice.

Q. Why are xortH 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 sourH WINDS generally WARM
wm England ?

A. Because they come over the

R e a— i, T S
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tot sandy deserts of Africa, which make
them hot.

Q. Why do soutH WINDS often bring us
RAIN ?

A. Because they are much heated by
the hot sands of Africa; and mbibe wa-
ter very plentifully, as they pass over the
Mediterranean Sea and British Channel,

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 : 1n consequence of which, some of
1t 1s deposited as rain. ~+

Q. Why are wesr wiNps in England gen-
erally RAINY ?

A. Because they comeover the A4tlan-
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 ocLEAR DAY sometimes
OVERCAST 1n @ few minutes ?

A. Because some sudden change of

temperature has condensed the vapour of
the air wnto clouds.
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Q. Why are cLouDs sometiiites DISSIPATED
very suddenly ?

A. Because some dry wind (blowing
over the clouds) wmbibes thewr moisture,

and carries 1t off in visible vapour.
Q. Why do sourH-wisT winds bring us RAIN?

A. Because they come from the torrid
zone, 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
1s precipitated 1n rain.

Q. Why do NoRTH-EAST winds RARELY bring
RAIN ?

A. Because they come from a climate
colder than our own, and their capacity
for imbibing vapour is wncreased, when
they reach our island; 1 consequence
of which, north-east winds dry the air,
dispel the clouds, and promote evapo-

ration,
Q. Why does wixp sometimes bring RAIN and
sometimes FINE weather ?

A. If the wind be colder than the
clouds, 1t will condense their vapour mto
rain : But if the wind be warmer than the
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clouds 1t will dissolve them, and cause
them to disappear.

Q. Why are MArcH winds DRY ?

A. DBecause they generally blow from
the east or north-east; and, therefore,
sweep over the continent of Ilurope, and
cross the cold waters of the German
Ocean. 4 (Llhicoiros_ /87— F

Q. What s the ust of MARcH winds? ™

A. They dry the soil, which 1s satu-
rated with the floods of February,—break
up the heavy clods,—and fit the land for

the seed committed to it.
Q. Why s it said, that “ MARCH COMES IN
like @ TL1ON?”

A. Because it comes in with blustering
east winds, so essential to dry the soil,

lest 1t rot the seeds committed to it.
Q. Wiy does ** MarcH 6o out like a LAMB ?”

A. Because the water (evaporated by
the high winds) falls again in showers, to
fertilize the earth; and these constant

showers break the violence of the winds.
Q.  Why is it said, that ** A bushel of MARCH
DUST 18 worth a king's ransom 2"

A. Beecauseitindicates 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.  Whyisit said, ““ A DRY cold MARCH never
BEGS BREAD ?”

A. Because the dry cold winds of
March prepare the soil for seeds ; which
germinate, and produce fruit in the

autumn.,

Q. It is said, that “ A wer MaRcH makes a
SAD awtumn.”  Ewplain 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 malke
NO summer BOWERS." Haplain 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 s said, “A LATE SPRING makes a
FRUITFUL YEAR.” Faplain the reason of this.

A. If the vegetation of spring be
backward, frosty nights will do no harm ;
because the fruits and flowers will not put
forth their tender shoots, till the nights
have become too warm to injure them.




APRIL AND NOVEMBER RAIN. 829

Q. TWhy is it said, that ‘ APRIL SHOWERS
bring MAY FLOWERS ?"

A. Because April showers supply the
principal nourishment, on which seeds
depend for their development.

Before seeds can germinate, #4ree things are essential : Darkness,
Heat, and Moisture.

Q. Does RaIN-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 ammonia ; to which much of

its fertilizing power is attributed.

Ammonia is a conpound of nitrogen and hydrogen, Common
hartshorn is only ammonia and water.

Q. Why has God made NOVEMBER @ very
RAINY month ?

A. Because rain hastens the putre-
faction 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 is constantly decreasing ; on which
account, its capacity for holding vapour 1s
on the decrease also ; and its vapour pre-
cipitated as rain.

F a
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Q. Why is there Luss rain Jrom March to
September, than from September to March ?

A. Because the temperature of the
air 1s constantly increasing ; on which
account, 1ts capacity for holding vapour
18 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 BRERZE ?

A. The air (resting on the earth’s
surface) being warmed by contact, ascends;
and colder air rushing in to restore the

balance, produces the morning breeze.
Q.  Why 1is 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 a motwon wn the awr, called the

evening breeze.

Q. Why are TROPICAL ISLANDS subject to a
sea-breeze every morning (i. e. a breeze blowing
from the sea to the land ?)
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A. DBecause 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 wnland to restore equilibrium.

Q.  Why is a land breeze generally less healthy
than a sea breeze P

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 18 mot laden with noxious

exhalations.

It is particularly kealthy, therefore, to walk on the sea-beach
before ten o'clock in the morning; dut less so after sun-set,

Q.  Why is there generally a fresh breeze from
the seA (in English watering places,) during the
summer and autumn MORNINGS ?

A. Because land is more heated by
the sun, than the sea is; in consequence
of which, the cooler sea air glides inland,
restoring equilibrium by pressing up the
light hotter air.

Q.  Why does a sea breeze feel coor ?

Fa?Z2



338 | SEA BREEZE.

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 (1. e. a breeze blowing from
the land towards the sea ) ?

A. DBecause the surface of the land
cools down faster (after sunset), than
the surface of the sca : in consequence
of which, the air of the cold land 1s con-
densed, and flows into the warmer regions
of the sea—causing a' LAND BREEZE.

Q. Why s the land breeze coow ?

A. DBecause the surface of the land
1s cooled at sun-set more quickly than
the surface of the sea ; therefore, the air

from the land feels cool.

Q. Why s the temperature of islands more
EQUABLE, than that of continents ?

A. DBecause the water around the

island mitigates the extreme heat of
summer, and gies out heat to diminish

the extreme cold of winter.
Q. IsrLANDS are WARMER in winter than
continents. Eaplain the reason of this.
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A. Unless the sea be frozen (which is
rarely the case) i1t 13 warmer than the
frozen land : and the warmth of the sea
air helps to mitigate the intense cold of
the land air.

Q. LEaplain the cause of sea WAVES,

A. The wind, pressing unequally on
the surface of the sea, depresses one part
more than another; every depression
causes a corresponding elevation, and
these undulations are called waves.

It must be remembered that waves have no other than a
verlical motion, i. e. up and down. Any substance, as a buoy,
floating on a wave, is merely elevated and depressed alternately ;
1t 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 1s 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 1s a similar delusion.

A wave is a_form, and not a thing ; the form advances, but not
the substance of the waves.

Q.  What is the cause of * BREAKERS ?”
A. The interference of rocks or rising
banks in the sea with the regular form
Fasd



330 TIDES.

of the wave, by which the ““ phase” of the
curve 1s broken.

“The phase of the curve” is the outline or are 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. What1is a TIDE?

A. A wave of the whole ocean, which
1s 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. What is the cAUsE of tides ?

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 feel cOLDER out-of-
doors, than ti-doors ?

A. Because the air 1s alwayschanging;
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 @ RooM (‘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. Houw fast does wind travel ?

A. A gentle breeze goes at ahout
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 s the vELocIity of winds ascer-
tained ?

A. By observing the velocity of the
clouds; and by an instrument contrived
for the purpose, called an Anemometer.

Pronounce An-c-mom’-e-ter. From two Greek words avepos
(wind) and peTpor (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 ig
found (in a high wind) to vary from 20 to
60 miles an hour.

Q. Why is there always a strong DRAUGHT
through the xey-HOLE of a door ? |
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A. Because the air in the room we
oceupy is warmer than the airin the hall;
therefore, the air from the hall rushes
through the kcyhﬂ?e into the room, and

causes a draught.
Q. Why 1is there always a strong DRAUGHT

UNDER the door, and through the crevice on each
stde ?

A. Because cold air rushes from the
hall, to drive the warmer air up the
chimney.

Q. Why is there always @ DRAUGHT through
the WINDOW crevices ?

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 TPPER
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 tnwards ; but
if the upper sash be 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 thereflore 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 is 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— DBy opening the upper or the lower
sash ?

A. A hot room is cooled more quickly

by opening the lower sash ; because cold
alr can enter more freely at the lower
art of the room, than at the upper.

Q.  Why does wind prY damp LiNgN ?

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
HOTTER than the LOWER parts of the building ?

A. Because the heated air ascends :
and all the cold air (which can enter
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through the doors and windows), till it
has become heated, remains on the floor
of the room.

CHAPTER XXIII.

e —— e =

BAROMETER.

Q. What is @ BAROMETER ?
A. A weather-glass, or instrument to
measure the variations in the weight of

the aar.

BAROMETER is a compound of two Greek words, Bapos (weight)
and peTpov (a measure). It is called a weather-glass, because
changes of weather are indicated by its varying conditions.

Q. What is @ THERMOMETER ? 1
A. An instrument to show how hot &

or cold anything 1s.
THERMOMETER is a compound of two Greek words, O€eppos .
(heat) and peTpov a (measure). ' b
Q. What is the DIFFERENCE between a THER- l
MOMETER and @ BAROMETER ? |
A. In a THERMOMETER the mercury
is sealed up from the air; and rises or
falls, as the varying temperature of the =f
air expands or contracts it: but n

(]




BAROMETER. 335

In a BAROMETER the column of mercury
1s left exposed (or open) to the air, at its
lower extremity ; and rises or falls, as
the varying weight of the air presses more
or less upon it.

Q. Ifthemercury of the thermometer be SEALED
UP from the air, how can the heat svrEct it ?

A. The heat of the air passes through
the glass tube into the mercury, causing
the metal to expand and rise in the tube.

Q.  Why is the TuBE of a barometer left opEN ?

A. That the air may press upon the
exposed surface of the mercury: As
this pressure varies, the mercury rises
or falls in the tube.

The top of the tube must be a “ vacuum ;” otherwise the pres-
sure of the external air upon the lower part of the column would
not affect the mercury so freely.

Q. For what PRACTICAL PURPOSES i3 the
arometer used P

A. Ist—To determine the height
f mountains : and

2ndly—To indicate changes of the
eather.

ﬂg:e barometer was invented by Toricelli, u pupil of Galileo,

Q. How can a BAROMETER delermine the
AEIGHT of a 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 decrease
in 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 air is only
half what it is on the earth’s surface: at 7 miles, only one-fourth ;
at 103, one-eighth; at 14 miles, one-sicleenth. Though the
atmosphere probably extends 45 or 50 miles above the level of the
sea, yet at an elevation of 20 miles, it has but litile weight.

Q. What causes the WEIGHT of AIR?

A. The pressure of superincumbent
strata. Thus in a pile of books, the |
lower volumes sustain the weight of
those piled over them.

Q. How can a barometer which measures the
WEIGHT of air, be of service as @ WEATHER glass 2

A. When air is filled with vapour, 163
is lighter than usual ; and the column of
mercury stands low. When air 1s dry,
and free from vapour, it is heavier than
usual ; and the mercury stands highs§
Thus the barometer (by shewing the:
variations in the weight of the air)
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indicates when 1t is moust, and likely 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 BAROMETER to sailors ?

A. 1t warns them to prepare their
ships, before squalls come on.

Q. How can a BAROMETER warn SAILORS fo
prepare their sHIPS ?

A. As 1t 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 muLs, which can be de-
pended 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 1st SPECIAL RULE with regard
to the barvometer.

A. The barometer is highest of all

~ during a long frost; and it generally rises
- with a north-east wind.

G a
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Q. Why is the barometer =HicuEST of all
during a long Frost1 ?

A. Because the air is exceedingly
dry : and dry air causes the mercury of
a barometer to rise.

Q. Why does the barometer generally RISE
with NORTH-EAST winds ?

A. DBecause NORTH-EAST winds make
the air both cold and dry: and being
both condensed, and without vapour, it is
much heavier.

Q. JMention the 2ND SPECIAL RULE with
regard to the barometer.

A The barometer is lowest of all
during a thaw, which follows a long frost :
and 1t generally falls with sourH or wrsT
wind.

Q. Why does the barometer fall rownst of
all, at the BREAKING UP of @ lony FROST !

A. Because the air (which had been
much dried by the frost) absorbs the
moisture of the fresh warm current of
wind from the south or south-west: and
becomes laden with vapour.

Q. Why does the barometer fall very low with
SOUTH and WEST winds ?
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A. DBecause soutH and WEST winds
come heavily laden with wapour: and
vaporized air 1s lighter than dry air.

Q.  What effect has wisp on the mercury ?

A. The barometer is high, when the
wind blows between the rast and the
NOoRTH. But 1t 18 low, when the wind
blows between the soutr and wesr.

Q. Whatts the 3RD SPECIAL RULE with regard
to the barometer ?

A. While the barometer stands above
30, 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 rain.

Q. Why will there be No RATN, if the AIR be
very coLp ?

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
G a 2 |
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low indeed, there will never be much rain ;
although a fine day will seldom occur at
such times.

Q. What kind of WEATHER 1s there likely to
be, when the barometer 1S UNUSUALLY LOW ?

A. Short heavy showers, with sudden
squalls of wind from the west.

Q. Why will there be VERY LITTLE RAIN, tf
the barometer is UNUSUALLY LOW ?

A. DBecause the air must be very
warm, or very moist, or perhaps both.

Q. Why will there be little or no rain, if the
AIR 18 very WARM ?

A. Because warm air has a tendency
to imbibe more moisture, and not to part
with what 1t 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 awr has
been introduced to condense the vapour :
And, as soon as cold air has been 1intro-

duced, the barometer will 77se instantly.
Q. Name the BTH 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 1s very sudden, a thunder-storm

may be expected.
Q.  What is the 6TH SPECTAL 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.  Whatis the TTH SPECIAL 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 SPECTAL 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. DBecause the air in fine weather
contains very Little vapour.  And the drier
G a 3
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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 ?

~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 1s near.

Q. Why does the mercury RISE at the approach
of FINE weather ?

A. Because the air is becoming
more dry; and, therefore, its pressure s
ncreased.

Q. Wy does the mercury SINE 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 1ts pressure on the:

barometer less.

Q. What s the 10TH SPECIAL RULE withs
regard to the barometer ?

A. If (in frosty weather) 1t begins {0
snow; the barometer generally rises to
30 ; where it remains, so long as th
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snow continues to fall : If, after this, the
weather clear up, you may expect very
severe cold. . C@

Q. How can you know, if the MERCURY of the

barometer be RISING ?
A. When the top of the column is
convex) 1. e. hollow 1n 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, (1. e. hollow in the middle), the
mercury is in a falling state.

Q. Why is the mercury coNVEX, when it is
RISING ?

A. DBecause 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 1s CONVEX.

Q.  Why is the mercury coNcAvVE, when it is
FALLING ?

~ A. Because the parts of the mercury
in contact with the tube are delayed by
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captllary attraction ; in consequence of
which, the middle part sinks faster than
the szd&,s ; and the surface 1s coNcavVE.

Q. met effect does @ 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 ?

A. A great and sudden change
(either from hot to cold, or from cold to
hot) is generally followed by rain within
R4 hours.

Q. Whyisa sudden CHANGE from HOT {0 COLD

Sfollowed by rain ?
A. Because cold condenses the awr;

and some of its vapour is given off in rain.

Q. Why ts a sudden CHANGE jfrom COLD tu
HoT followed by rain ?
A. Because the air is quickly satu-

rated with moisture ; but when night
comes on, and chills the temperature,
some of the abundant moisture 1s given

off 1n rain.
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Q. Why is the air quickly SATURATED with
MOISTURE, when HEAT rapidly succeeds to coLD ?

A. Because the evaporation (which
was checked by the cold) is cgrried on
very rapidly in consequenceof 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 18 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
1sland in summer is more nearly equal
to that of the torrid zone, and 1its state

15 not 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 r2ses 1n cold weather: And as warm
weather 1s generally moist, and accom-
panied by south-west winds, therefore
the mercury sinks in warm weather.

Q.  Why is the mercury of a baromeler LOWER
\ in the TormriD, than in the FRIGID zone ?

A. Because the warm air of the torrid
zone contains much more wvapour, than
the condensed air of the frigid zone ; and
the mouster the air, the less 1s 1ts pressure.

Q. In what MONTHS is the barometer HIGHEST?

A. In May and August; then in
June, March, September, and April.

Q. In what MoNTHS 18 the barometer LowEST ?

A. In November and February:
then in October, July, December, and.
January.

Q. What are the DRIEST months ?

A. March and June ; then May and!
August ; then April and November.

Q. What are the WETTEST months ?

A. October and February; thens
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July and September; then January and
December.

Q. Why s there LESS wet from MAarcH to
Avgust, than there is from August to March ?

A. Because the heat is constantly
increasing ; and the capacity of air to
absorb and retain moisture increases
likewise.

Q. Why is there MORE wet from AvGust to
Maros, than from March to August ?

A. Because the heat is constantly
decreasing ; and the capacity of air to
retaln 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 FLUCTUATING ?

A. If the mercury fluctuates much,

‘the weather will be very changeable and
unsettled.
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TaE FALL oF 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 {Aaw.

Tf ‘wet weather happens soon after the fall of the barometer,
expect but Ziltle of it.

In 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 wind.

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 ).

Toe RISE oF THE BAROMETER.

In winter, the rise of the barometer presages frost.

In frosty weather, the rise of the barometer presages s#omw.

If fair ‘weather happens soon after the rise of the barometer,
expect but /ittle of it.

In wet weather, if the mercury rises high and remains so, expect
continued fine 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 ofker winds it sinks.

Tae BARoMETER UNSETTLED.
If the motion of the mercury be unsefiled, expect unsettled

weather,
I it stand at “ MucH RATIN” and rise to “ CHANGEABLE,” expect

fair weather of short conlinuance.
If it stand at ¢ FAIR” and fall to * CHANGEABLE,” expect foul

weather.
N.B. Tts motion upwards, indicates the approach of fine
weather; its motion downwards,indicates the approach of foul

weather.
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CHAPTER XXIV.

—

SNOW. HAIL. RAIN.

Q. What is sNow ? :

A. The condensed vapour of the air
frozen, and precipitated to the earth.

Q. What is the cAUSE of sNow ?

A. When the air i1s nearly saturated
with vapour, and condensed by a current
of air, below freezing point, some of the
vapour 1s precipitated in a ecrystalline
form as snow.

A few years ago, some fishermen (who wintered at Nova-
Zembla,) after they had been shut up in a hut for several days,
opened the window ; and the cold external air rashing in, instantly

condensed the air of the hut, and its vapour fell on the floor iz a
shower of snow.

Q. Why does sxow fall in WINTER time 2

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 mto 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

H a
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freezing point, they partially melt; and
fall to the earth as half-melted snow, or

sleet.
Q. What is the USE of sxow ?

A. To keep the earth warm, and to
nourtsh 1t.

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
temperature very rarely descends below
freezing point, even when the air 1s 15

or 20 degrees colder.
Q. Tell me the words of the PSALMIST (exlvii.
16) respecting snow ; and explain what he means.

A. The Psalmist says—* The Lord
giveth snow like wool;” and he means
not only that snow is whate luke wool,

but that it is also warm as wool.

Q. Why is WOOL WARM

A. DBecause air is entangled among
the fibres of the wool : and air is a very

bad conductor.
Q. Why i3 SNOW WARM 7

A. Because air is entangled among
the crystals of the snow; and air 18 &
very bad conductor.
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Q. Why does sNOW NOURISH the earth ?

A. Because it supplies mousture 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 is there No SNOW in SUMMER tume 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 1s not
melted in 1ts descent, but falls on the
mountain and lies there.

Q. Why is sNow WHITE ?

A. Because it is formed of an infinite
Ha 2
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number of very minute ecrystals and
prisms, which reflect all the component
rays of which white light consists.

The same answer applies to salt, loaf sugar, &c. (sez p. 419).
Q. What is HAIL ?

A. Rain, which has passed in 1its
descent through a cold bed of air, and

has been frozen into 1ice.

Q. What makes oNE bed of air 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—DBecause the congelation of
water into hail, disturbs the electricity
of the air: and

andly—The friction (produced by the
fall of hail) may possibly excite it still

more.
Q. Why does uatn fall generally in SUMMER
and AUTUMN ?

A. 1st—Because the air 15 more
highly electrified in summer and autumn,
than in winter and spring : and
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9ndly—The vapours in summer and
autumn (being rarefied) ascend to more
elevated 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 1n
hail.

Q. What is RAIN ?
A. The vapour of the clouds or air

condensed, and precipitated to the earth.

Q. When 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 1t, 1t
is then no longer able to hold all its vapour
in solution, and some of it falls as rain.

Q. Why does RAIN fall in DROPS?

A. Because the vapoury particles 1n
their descent attract each other ; and
those which are sufficiently near, unite,

and form into drops.
H a3
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Q. Why does not the cOLD of NIGHT ALWAYS
cause rain ?

A. Because the air 1s not always near
saturation ; And unless this be the case,
it will be able to hold its vapour in solu-
tion, even after 1t has been condensed
by the chilly night.

Q. Why does a PASSING CLOUD often drop
RAIN ? |
A. Because it comes 1n contact with
cold arr, which chills @t ; and 1ts vapour
being condensed, falls to the earth as

ram.

Q. Why are RAIN-DROPS sometimes much
LARGER, than at OTHLR tumes ?

A. Because the rain-cloud is floating
near the earth ; when this 1s the case, the
drops are large, because such a cloud 1s
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 sometunés INCREASE the
SIZE of rain-drops ?

A. Yes; by blowing two or more
drops into one.

Q. Why do cLOUDS FALL i RAINY weather ?
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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.

Q. How do you xNow, that the DENSITY of
the air ts DIMINTSHED @n RAINY weather ?

A. DBecause the mercury of a barom-
eter falls.

Q. Why s RAIN-WATER more FERTILIZING,
than puMP-water ?

A. 1st—Because 1t contains more
carbonic acid : and

2ndly—It contains a small quantity
of ammonia, with which it supplies the
young plants.

Q. Why does RAIN PURIFY the AIR?

A. 1st—DBecause 1t dissolves the
noxious exhalations collected in the air,
as 1t falls.

2ndly—It mixes the air of the upper
regions w1th that of the lower regions :
and

Srdly—1t washes the earth, and sets in

motion the stagnant contentb of sewers
and ditches.
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Q. Why are MoOUNTAINOUS countries more
RAINY, than flat ones ?

A. Because the air (striking against
the sides of the mountains) 1s carried wp
the inclined plane, and brought in contact
with the cold aiwr of the higher regions:
in consequence of which, its vapour is
condensed, and deposited in rain.

Q. Why does a sPONGE SWELL, when 1t 18
WETTED ?

A. Because the water penetrates the
pores of the sponge by capillary attraction,
and drives the particles further from each
other ; in consequence of which, the bulk

of the sponge 1s greatly increased.
Q. Why do FIDDLE-strings SNAP n WET
weather ?

A. Because the moisture of the air
(penetrating the strings) causes them to
swell ; and (as the cords thicken) their
tension 1s increased, and the strings snap.

Q. Why does PAPER PUCKER, when it 18

WETTED _ :
A.  Because the moisture is absorbed

unequally by the paper, and some parts
are more enlarged than others; 1n con-
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sequence of which, the paper blisters or

puckers.

Q. Why dotheweather-toys(called cAP'UCHINS)
lift a cowl over the figures in wet weather, and
remove it in dry ?

A. Because the cowl of the cap'uchin
is attached to a piece of cat-gut in such
a manner, that when the cat-gut 1s
shortened by moisture, it pulls the cowl
up; but in dry weather, the string 1s
loosened, and the cowl falls down by its
own weight.

Q. In another weather toy, the MAN comes out
in WiT weather, and the LADY in FINE ; Why 18
this ? '

A. Because the two figures are at-
tached to a piece of cat-gut in such a
manner, that when the cat-gut 1s moust
it twists the man out; but when it is
loosened, the figures turn in the oppo-

site direction.
Q. Why are WET STOCKINGS DIFFICULT {0
. PULL ON !

A. 1st—DBecause the moisture pene-
trates the threads of the stockings, and
causes them to shrink in size : and
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Andly—Because the moisture causes
the stockings to adhere to our feet.

Q. What are the MOST RAINY tlowns in
Excgraxp ?

A. Keswick (in Cumberland); and
then Kendal, (a market town in West-
moreland.)

In Keswick, abont 63 inches of rain fall in a year. In Kendal
58 ; Manchester, 38 : Liverpool, 34 ; Dublin and Cambridge, 25;
Lincoln, 24 ; Loundon, 21 ; and in Paris, only 18.

Q. In which PART of the DAY does the mosT
RAIN fall ?

A. More rain falls by night, than by
day; because the cold night condenses
the arr; and diminishes its capacity for
holding vapour 1n solution.

Q. Does more rain fall in SUMMER or 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 jfrom
Septemberto March, than from March to September ?

A. Because the temperature of the
air s constantly decreasing ; and as 1ts ca-
pacity for holding vapour decreases also,
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it ig frequently obliged to part with
some of its vapour in rain.

Q. In what PART of the wWoRLD does RAIN fall
MOST ABUNDANTLY ?

A. Near the equator ; and the quan-
tity of rain decreases, as we approach the

poles.

There are fewer rainy days, altho’ more rain actually falls
during the wet season of the equator—than falls in 12 months at
any other part of the globe.

CHAPTER XXV.

WATER.

Q. Of what is WATER composed ?
A. Of two gases, oxygen and hydro-

gen.
In 91bs. 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 1s called
1CE.

By increasing its lafenf heaf, the particles of water are again
subdivided into invisible steam.



360 WATER.

Q. Whyis pume water called “ BARD-water 2"’
A. Because it 1s laden with foreign
matters, and will not readily dissolve

substances immersed 1n 1t.
Q. What makes vuMP-water HARD !

A. When it filters through the earth
it becomes impregnated with the sulphate
and carbonate of lime, as well as with
many other principles derived from the
earths and minerals with which 1t comes

i contact.
Q. What is the cause of MINERAL SPRINGS f

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 Zime ; some with salt, &e., &ec.
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 oil of the
soap with the lime—and floats m flakes

on the top of the water.

N. B. Sulphate of lime consists of sulphuric acid and lime.
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Q. Whyisit 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 ai 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.
. 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.

YerLow SoaP is made of whale-oil, soda, and resin. SoOFT
Soap of oil and potash. HARD Soap of oil and soda. Ia
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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 1NCREASE the
cleansing power of water ?

A. DBecause many stains are of a
greasy mature ; and soap has the power
of wniting with greasy matters, and

rendering them soluble in water.

Q. Why is RAIN WATER SOFT ?

A. DBecause 1t is not impregnated
with earths and minerals.

Q. Why s it MORE EASY {0 WASH wilh SOFT :
water, than with hard ?

A. DBecause soft water unites freely
with soap, and dissolves 1t ; instead of
decomposing it, as hard water does.

Q. Why do wooD ASHES make HARD water
SOFT ? A
A. 1st—Adoubledecompositiontakes:

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 1s rendered more
pure.

Q. Why has RAIN water such an UNPLEASANT
SMELL, when collected in a tub or tank 2

A. Because it is impregnated with
decomposed organic matters, washed from
roofs, trees, or the casks in which 1t 1s

collected.
Q. Why does WATER MELT SUGAR and SALT ?

A. Because very minute particles of
water insinuate 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 to water ?

A. Because the sugar or salt (being
disunited into very minute particles) floats
about the water, and mixes with it
intimately.

Q). Why does Bor 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.

I1a2
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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 NoT RAIN-water SALT, although
most of it is evaporated from ike SEA P

A. Because saline matter will not
evaporate ; and, therefore, when sea-
water is turned into vapour, its salt 1s

left behind.

Q. Why does STAGNANT water PUTREFY ?
A. DBecause leaves, plants, insects,
&e., are decomposed in 1t.

Q. Why is sTAGNANT water full of WORNMS,
INSECTS, dc. ?
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 1mnsects.

Q. Why is FLOWING water FREE jfrom
IMPURITIES ?

A. Because its currents carry away

all contaminating substances to the sea,

S T e e P ——— .
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as fast as they appear in it; and there
they are diffused through so large a mass

of fluid, that they become inappreciable.
Q. Why does RUNNING waler OSCILLATE and
WHIRL 0 its current ?

A. 1st—Because it strikes against
the banks, and is perpetually diverted
from its forward motion: and

9ndly—Because the centre of a river

flows faster than its sides.
Q. Why do the sipEs of a rwer flow more
TARDILY than tfs CENTRE ?

A. Because they rub against the
banks, and are delayed in their current
by friction.

Q. Why does soAPY 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 SOAP ?

A. Becauseitis not tenaciousenough
to hold together the bubbles that are
formed.

Q. When soAp-BUBBLES are blown jfrom a
pipe, why do they ASCEND ?

A. Because they are filled with the
warm breath, which 1s lighter than air.
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CHAPTER XXVI.

ICE.

Q. What is 10E?

A. FrozexN waTeEr. When the tem-
perature of the air is reduced to 82
degrees, water will no longer remain in
a flud state.

Q. Why is 8SOLID ICE LIGHTER than WATER ?

A. Because water expands by freez-
ing ; and as its bulk is increased, its
gravity must be less.

Nine cubic inches of water become fen when frozen.

Q. Why do EWERS BREAK ¢% @ 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 vPwARDS (ltke
boiling water) and RUN OVER ?

A. Because the surfaceis frozen first;
and the frozen surface acts as a plug,
which 1s more difficult to burst, than the
earthen ewer itself.
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Q. Why do TILES, STONES, and ROCKS, often
SPILT 1 winter ?

A. DBecause 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 1icy NET-WORK,
through the wnsterstices of which the sotl is clearly
seen,—WHY does the water freeze in NET-WORK P

A. DBecause it freezes first at the
sudes 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
WHERL-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 is not the ice sOLID in these ruts ?—

Why is there only a very thin ¥ILM or NET-WORK
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 frequenily 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 expand by HEAT, as well

as by coLp ?
A. Yes; it expands as soon as it 1s

more than 40 degrees, till it bouls ; after
which time it flies off 1n steam.

2120 Boiling water.

= s et e — e i e -

Freezing water, 32o.

I P W W -

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 inereasing in bulk to E F, when it {reezes.

Q. WHEN does WATER begin to EXPAND from

cold ?
A. When it is reduced to 40 degrees.

It is wisely ordained by God that water

e
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shall be an exception to a very general
rule, it contracts till it is reduced to 40

degrees, and then it expands till it freezes.

The general rule is this—That cold condenses and confracts the
volume of nearly every thing; but water is nof confracted by

cold, after it has reached 40 degrees. ’
Q. Way does water expand when it freezes ?

A. Because it is converted into solid
erystals, which do not fit so closely as the

particles of water did.

Q. Why is the BorTOM 0f @ ¥iver SELDOM
FROZEN ?

A. Because water, when 1t becomes
colder than 40 degrees, ascends to the
surface ; and (if it freezes) floats there,

till 1t 1s melted.
Q. Show the wispom of Gob in this wonder-
ful ewception to a general law.

A. If 1ce 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
rwver CHILL the water BENEATH, and freeze it ?

A. 1st—Because water is a very bad
conductor, and 1s 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 rwer, to freeze the water
below the surface.

Q. Why does WATER FREEZE at t/i¢ SURFACE
first ?

A. Because the surface 1s in contact
with the arr, and the air carries away uts

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 mto

the cold aur.

Q. Why are not wHOLE RIVERS FROZEN
(layer by layer), till they become solid ice ?

A. DBecause water 1s so slow a con-
ductor, that our frosts mever continue
long enough to convert a whole river nto

a solid mass of 1ce.
Q. Why does not RUNNING waler freeze so
FAST a8 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 water is FROZEN, why is
the ICE generally very ROUGH ?

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 rough.
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 raLL into a river in winter,
why does the warkr feel comparatively WARM 2

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
320, or even less,

Q. Why is SHALLOW water FROZEN more
QUICKLY than DEEP water ?

A. DBecause 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.  Why is SEA-WATER RARELY FROZEN ?
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A. 1st—Because the mass of water
is so great, that it requires a very long
time to cool the whole volume down to
40 degrees :

ondly—The ebb and flow of the sea
interfere with the cooling influence of
the air : and

3rdly—Salt water never freezes, till
the surface is cooled down 4 or 5 degrees

below the freezing point of fresh water.
Q. Why do some LAKES RARELY ( if ever)
FREEZE ?

A. 1st—DBecause they are very deep :
and
9ndly—Because their water 1s supplied

by springs, which bubble from the bottom.
Q. Why does the DEPIH of water RETARD is

Jfreezing ? *
A.  Because the whole volume of water

must be reduced to 40 degrees, before
the surface will freeze: and the deeper
the water, the longer it will be before the

whole volume is thus reduced.

Q. Why do spriNGs at the bottom of a lake
PREVENT its freezing ?

A. Because they continually send

forth fresh water, which prevents the lake
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from being reduced to the necessary
degree of coldness.

Q. It is COLDER i @ THAW, than tn a FROST.
Eazplain the reason of this.

A. When frozen water is thawed, it
absorbs heat from the aiwr, &ec. to melt
the 1ce: in consequence of which, the
heat of the air is greatly reduced.

Q. It is WARMER in @ FROST, than in @ THAW.
Eaxplain 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.
Pp. 32.)

Q. SALT D1ssoLvEs 1cE. Ewplain the reason
of this.

A. Water freezes at 32°, 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 p1sSOLVE ICE besides sATT?

A.  Yes; any acid, such as sulphuric
acid, nitric acid, &e.

_ Anything which has a very strong affinity for water will
liquify ice.

K § °
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Q. Why is a mizture of sALT and SsNOw,
colder than sxow itself ?
A. Because salt dissolves the crystals

of snow into a fluid: And whenever a
solid is converted into a fluid, heat is ab-
sorbed, and the cold made more intense.

Q. Why does FROST make the EARTH 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. Shew 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 1 SPRING ?

A. DBecause the ice of the clods
dissolves ; and the particles of earth
(thrust apart by the frost) being left
unsupported, tumble into mmute parts,
as soon as their cement of ice is 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
freezes, expands, and thrusts the particles
away from each other; but when the
frost breaks up, the water condenses, and
leavesthemortar 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 mois-
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)
falls 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 from thewr position.

Q. Why do BRICKLAYERS COVER their work
with STRAW in spring and autumn ?

A. Because straw 1s a non-conductor;
and prevents the mortar of their new
work from freezing, during the cold
nights of spring and autumn.

K a 2
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Q. Why are waTer-p1PES often covered with
STRAW wn winter-time 2 :

A. Because straw (being a non-con-
ductor) prevents the water of the pipes
Jrom freezing, and bursting the pipes.

Q. Why are delicate TREERS covered with
STRAW 117 WINTER ?

A. Because straw (being a non-con-
ductor) prevents the sap of the tree from
being frozen.

Q. Can WATER be FROZEN in any way BE-
SIDES by frosty weather ?

A. 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 would carry
off the heat of the water, and reduce 1t
to freezing pount.

Q. Whydoes WATER freeze under the RECEIVER
of an AIR pump, when ether is present and the air
exhausted ?

A. DBecauseevaporation is very greatly
increased by the dimunution of atmospheric
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pressure ; 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 liquid will be
reduced 16 degrees.
2. If 5o0z. of nitre, and 5 of sal-ammoniac (both finely pow-
dered) be dissolved in 19 oz. of water, the heat of the liquid will
be reduced 40 degrees.

3. If 3 lbs. of snow be added to 1 1b. of salt, the mixture will
fall to Oo (or 32 degrees below freezing point.)

The two following are the coldest mixtures yet known ;—

1. Mix 3 lbs. of muriate of lime with 1 1b. of snow.

2. Mix 5 Ibs. of diluted sulphurie acid with 4 lbs. of snow.

Ice may be made in a red-hof vessel thus, Heat a platinum
vessel 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 s 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
SALT ENOUGH for pickling ?

A. They put an egg into the brine.
If the egg sink, the brine is not strong
enough ; 1f the egg float, it 1s.

Q.  Why will an EGG SINK, if the brine be NoT
STRONG énough for pickling ?
K a3
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A. Because the egg will be the
heavier : but if as much salt be added
as the water can dissolve, the brine will
buoy up the egg, and cause it to float.

Q. Way will an EGG FLOAT in strong BRINE,
and not in water ?

A. Because the specific gravity of
salt and water 1s greater, than that of
water only.

Q. Why do persons sINK in water, when they
aré UNSKILFUL SWIMMERS ?

~A. Because they struggle to keep
their head out of water.

Q. Eaxplain how this 1s.

A. When our head 1s thrown back
boldly into the water, our mouth is kept
above the surface, and we are able to

breathe :
But when the head 1s kept above the
surface of the water, the chin and mouth

sink beneath it, and the swimmer 1s

suffocated.

This may be illustrated thus :—If a piece of wood be of such
specific gravity, that only fwo square inches can float out of water;
it is manifest, that if two ofker inches are raised out, the two
former inches must be plunged #. The body (in floating ) resem-
bles 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 crown

e il it il .
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of our head be forcibly raised above the surface, a proportional
quantity of our face must be plunged 42 ; and our mouth becomes
covered with water,

Q. Why can QUADRUPEDS swim MORE EASILY
than MAN ?

A. 1st—Because the trunk of quad-
rupeds is lighter than water; and this 1s
the greatest part of them : and

ondly—The position of a beast (when
swimming) is a natural one.

Q. Why is it MORE DIFFICULT for a MAN to
swim, than for a BEAST ?

A. 1st—Because his body 1s more
heavy n proportion, than that of a beast:
and

Indly—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 more EASILY than
SPARE men ?

A. DBecause fat is lighter than water ;

and the fatter a man is, the more buoyant

will he be.

Q. How are risHES able to ASCEND to the
SURFACE of water ?

A. Fishes have an awr-bladder near
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the abdomen; when this bladder is
Jilled 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 @ minute
to the BorToM of a stream ?

A. They expel the air from the air-
bladder; in consequence of which, their
svze 18 dininished, and they sink instantly.

CHAPTER XXVIL.

———

LIGHT.

f

Q. What 1s LteHT ?

A. Rapid undulations of a fluid called
the luminous ether, made sensible to the
eye, by striking on the optic mnerve.
(See p. 48).

The several particles of which air is composed do not touch
each other. It is assumed that the intervening spaces are ocen-
pied by an imponderable medium, called the luminous ether.
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Q. How do the undulations 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
nerve prepared for their perception.

The term undulatory is not very correct when applied to the
motion of air and ether, in the plienomena of sound and light.
It is rather vibrafory than undulatory.

Q. Houw FAsT does LIGHT TRAVEL ?-

A. All light travels so fast, that 1t
would go eight times round the earth,
while a person counts “ ONE.

Al 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 0THERS DULL, like lead ?

A. Because some surfaces reflect
much light, and are brilliant; while
others absorb a great part of it, and
appear dull.

Q. Why can a THOUSAND persons SEE the
SAME OBJECT at the same time ?

A. Because it throws off from 1its
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.  Whyis the EYE PAINED by a sudden LicET?
A.  DBecause 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 2

A. DBecause 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 cAN 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 NorHING, when we leave
@ WELL-LIGHTED 70om, and go into the DARKER
ROAD Or STREET ?

A. Because the pupil (which con-
tracted 1n the bright room) does not

a - .
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dilate instantancously ; 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?

A. Because the pupil dilates again,
and allows more rays to pass through 1its
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

ﬁ!}.“ Accidental colours ;" pp. 424, 425.) ——f"

= 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 is 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 Jew minutes 2

A. Because the pupil dilates again,
and accommodates itself to the light
around.

Q. Why can micErs, CATS, and OWLS, see in
the DARK?

A. Because they have the power of
enlarging 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 is not light
enough for us to see any thing at all.

Q.  Why do cats and owLs sLEEP almost gll
DAY ?

A.  Because the pupil of their eyes 1s
very broad, and daylight fatigues them :
80, they close their eyes for relief,

Q. Why do cars blink when they sit before 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 TicERS, CATS, OWLS, d'c., PROWL
by NI1GHT 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 GLOW-WORMS glisten by NIGHT
only ?

A. Because the light of day 1s so
strong, as to eclipse their feeble light:
in consequence of which, they are invisi-
ble by day.

Q. Why can we xoT 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 stars will shine direclly over the well, See pp. 392, 393.

Q. What is the UsE of TWo EYES, since they
present only one image of any object 2

L8
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“A. 1st—To enlarge our field of

vision :

2ndly—To increase the distinctness
of vision :

drdly—To diminish the fatigue of
vision : and

4thly—To supply the means of sight,
if one eye 1s injured or lost.

Q. Why do we Nor see things DOUBLE, with

TWO EYES ©
A. DBecause both images fall on

corresponding parts of the two retine,
which are simultaneously affected.

Persons with oblique vision see double, because both the images
looked at, are not painted on points of the retinee which cor-

respond.

Q. Why do we SEE ourselves in @ 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 arve the rays of light REFLECTED by
@ MIRROR ?

A. Because they cannot pass through
the tmpenetrable 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 18 the path THROUGH WHICH IT RUNS called ?
A. The line of INCIDENCE.

Q. When a marble REBOUNDS back again,
what is the path it THEN describes called ?

A. The line of REFLECTION.

See fizure on p. 388. If AB be the line of incidence, then BC
is the line of reflection: and wvizce versa.

Q. When the light of our face goes to the
GLASS, what is the path through which it goes
CALLED ?

A. The line of incidence. ==

Q.  When thelight of our faceis reflected BACK
again from the mirror, what is this RETURNING
path called ?

A. The line of reflection.

Q.  What is the ANGLE of incidence ?

A. The angle between the line of
incidence and the perpendicular.

Q.  What is the aAxcLY of reflection ?

A. The angle between the line of
reflection and the perpendicular.

See figure on p. 388.
L a2’



388 LIGHT.

e
A- C
B b
“-.\ /
S 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 éncidence, and CBP the angle of

reflection.
Q. Why does our reflection in a mirror seem

{0 APPROACH us, as we walk TOWARDS ut: and to
RETIRE FROM us, as WE reture ?

A. Because the lines and angles of
incidence are always equal to the lines and
angles of reflection; 1n consequence of
which, the zmage will always seem to be
as far behind the mirror, as the real object

is before t.
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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 appear at GH, because
line CA=GA, and line DA=HA ; and also the angle CAB=
angle GAB, and angle DAB=HADB. For a similar reason, if the
arrow were at EI, the image would seem to be at KL.

Q. Why can a man see his WHOLE PERSON
reflected in a LITTLE MIRROR, not 6 inches in length 2

A. Because the lines and angles of
reflection must be always equal to the
lines and angles of incidence.

E 2 M

0 i] el

~ Let Mm be a small mirror, and E an eye, looking at Ii, 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 appears as if placed at I.  But the ray 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 I i.

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.
Las3
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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.

It is very plain, that A (the more elevated object) will strike
the water, and be projected from it more perpendicularly than the
point B ; and, therefore, the image will seem inverted. See p. 588.

Q. When we see our REFLECTION 17 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, am:l must,
therefore, seem so 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 wINDOWS seem {0 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 window glass) are reflected,
or thrown back.

by
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Q. Why do Not windows reflect the NOON-DAY
rays also ?

A. They do, but the reflection is not

SEEN.
Q. Why is the reflection of the misiNe and

SETTING sun seen in the window, and Nor that of
the NOON-DAY sun ?

A. Because the rays of the noon-day
sun glance off from the glass downwards,
so that an observer could not readily
behold both the window and the sun’s

reflection.

Sun near noon.

A

Here AB represents a ray of the noon-day sun striking the
window at B; its reflection will be at C;

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 never reach the
surface of the water at all, but strike
against the brick sides.

THE SUN 5
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Let BDEC he the well, and DE the water.

The ray AB strikes against the brick-work inside the well : and
The ray AC strikes against the brick-work oufside the well.
None will ever touch the water at DE,

Q. Why are sTARs reflected in a WELL,
although the sux 1s NOT?

A. Because the rays of those sTARS,
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 pass vertically overhead (i. e. between the tropics. )

Q. In a sheet of water at noon, the sun
appears to shine upon only oxk spot, and all the
REST of the water seems DARK,—WHY i3 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.

Here, of the rays SA, SB, and SC, only the ray SC meets the
eye of the spectator D. Ifa line were dropped perpendicularly
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 ABC.

L

Q. Why are MORE sTARS visible 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 sux and MOON seem LARGER at
their RISING and SETTING, than at any other time ?

A. The appearance 1s an 1illusion, in
consequence of terrestrial objects being
placed 1n close comparison with them at
one time and not at the other.

M The sun has really the same apparent angular size when on the
fhorizon, and when high in the sky. The moon seems really
smaller when on the horizon, than when high up.

Q. Why do the sux and MooN appear as if
attened wnto oval forims when seen on the horizon ?

A. Because the lower portions of the
1sc are more displaced by the refractive
ower of the atmosphere than the top,
o that the wvertical diameter is reduced
n length. No such reduction takes
lace 1n the transverse diameter, there-
ore the breadth seems longer than the

epth. <

Q. How does LIGHT cause the pupil of the
e to CONTRACT ?

A. The pupil of the eye is a round
ole, in the midst of a moveable muscular
rtain or screen, called the ¢ris. When
o much light falls on the nervous
tina at the back of the eye, it @rritates
; and this ortation is conveyed to the

R
B
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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
pupil to allow a perfect but fainter image of an object to be
formed, 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
preserves its perfect ontline; at last, it disappears all at once.

Q. Why can we NOT SEE into the STREET or
road, when candles are lighted ?

A. DBecause the pupil of the eye
(having become contracted by the light of
the room) 1s too small to collect rays
enough from the dark street, to enable

us to see objects 1n it.
Q. Why do we often see the FIRE REFLECTED
i our parlowr WINDOW in winter-time ?

A. Because glass is a good reflector ;
and the rays of the fire (striking against.
the window-glass) are reflected back into)
the room again. §

Q. Why do we often see several reflections
of our FIRE oF CANDLES in the window, while we
are sitting in our parlour ? |

A. 1st—Because both surfaces of th
window glass reflect them : and
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2ndly—The reflections are multiplied
by imperfections in the glass. —i-

Q.. Wary s 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 suaDOW of an object be thrown on a
wall,—the cLOSER the object is held to @ CANDLE,
the LARGER will be its suapow. Why is this ?

A. Because the rays of light diverge
from the flame of a candle i straight

lines, like lines drawn from the centre of
a circle.
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Ilere the arrow A held close to the candle, will cast the
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shadow BT on a wall; while the same arrow held at C wonld
cast only the little shadow DE.

Q.  Why does an AVENUE of TREES, or a long
straight sTREET, seem 10 (et NARROWER ahd nar-
rower wn the dislance, 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.

Here the width between the trees A and B will seem to be as
great as the line AB:

But the widih between the trees C and D will seem {o be no
more than EL,

Q. In an AVENUE or long straiglht STREET,
wWHY do TREES or houses scem 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 diminished in size: if shorter,
it magnifies.

The focal distance means the distance at which the eye perceives
an object distinetly. A microscope magnifies by enabling the eye
to see an image closer o the eye, than would be possible otherwise.

In tie last two figures it is evident—Th it the larger the angle
made by two lines connecting the ohject with the eye, the larger
the object will appear, and vice rersa. But this angle hecomes
smaller and smaller as tlie ohject is removed further from us.
Thus the angle CGD is less than the anzle AGB. 1If a lens,

therefore, lenythens the focus, it diminishes objects ; if it shorfens
the focus, it magnifies them.

Q. TWhy does a man on the ToP. of @ MOUNTAIN
or church spire, seem to be no BIGGER than a crow 9

A. Because the angles made in our
eye by the perpendicular height of a man
M 4 2
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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 nooN 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.

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. (i.e. 20 billions.) g
If a ball went 500 miles an hour, it would reach the moon in

twenty days: but it would not reach the nearest fixed star in

_i
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4,500,000 years. Had it begun, therefore, when Adam was
created, it would be no further on its journey, than a coach
(which has to go from the Land's End, Cornwall, to the most
n?rthem parts of Scotland) after it has past about three-quarters
of a mile.

Q. Why do the sux and moox (which are
spheres ) appear to be flat surfaces ?

A. Because they are such an immense
way off, that we can discern no difference
of length, between those rays which issue
from the edge, and those which issue

from the centre of these bodies.

A

The rays AD and CD appear to be no longer, than the ra
BD; but if all the rays scem of the same length, the part B will
not seem to be nearer to us than A and C; and, therefore, ABC
will look like a flat or stra‘ght 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, = “fmae

Q. Why does DISTANCE make an object
INVISIBLE ©

A. DBecause no wisible perpendicular
can be serted 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. Ma3j
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Q. Why do trLEscoPEs enable us to see
objects INVISIBLE to the naked eye ?

A. Because they gather together
more luminous rays from obscure ohjects,
than the eye can; and form a bright
image of them in the tube of the teles-
cope, where they are magnified.

_As many times as the dimensions of the object-glass exceed the
dimensions 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 sa1P (out at sea) is approaching
shore, why do we sEE the small MasTS, before we see
the bulky HULL ?

A. Because the earth s 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 the ship is hidden by the swell of
the curve DE.

Q. What ts meant by REFRACTION ?
A. DBending a ray of Ulght, as it
passes from one medium to another. )(

i,
i,.
)




REFRACTION OF LIGHT. 40

Q. How is a ray of light BENT, when it passes
Jrom one medivm 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 ray 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 sur light, as well as
hear sounds, through a bent trumpet or horn 2

A. Because many substances reflect
the oscillations of sound, that do not
reflect the oscillations of light.
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Intervening angles obstruct the passage of sound in some
measure, but not to the same extent as they obstruct the passage
of light, Thus if a card be placed between a vibrating tuning
fork and the air, the sound is dulled. On the other haud, light

may be transmitted through a bent tube, if reflecting mirrors are
properly placed at the angles, '

Q. Why does a spooN (in a glass of waler)
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 1s? |

A. Because the light of the bottom
of the river i REFRACTED, as 1t emerges
out of the water.
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See fig. on p. 404, The bottom of the river will appear
elevated, like the 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 43. To find the real
depth, multiply by 4 and divide by 3—thus 4} X 4---3=6 feet
real depth.

N. B. Many hoys get ont of their depth in bathing in conse-
guence 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 G [eet 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.

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 1s formed before 1t reaches the
RET'INA ; and therefore, 1s not distinctly
seen.

X
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EYE ?”

A. All the transparent part of the
front of the eye-ball.
The curve ABC is called the

7 442y,  COR'NEA,

If this curve be toe prominent (or
convex), the eye is near-sighted.

_,,-—‘;’ “ Q. What is meant by the ‘““cor'NEA of the
|

v

If too flat (or concave), the eye is
far-sighted.

Q. What is meant by the *“RETINA of the
EYE 7"

A. The net-work, which lines the
back of the eye, 1s called the retina.

The net-work ABC is called the retfina,
and the projecting part DEF is called the
cor'nea.

E

N. B. This net-work is composed of a
spreading out of the fibres of the nerve of
vision,

The eye is covered with a tongh pearly opaque membrane,
called the selerot'ric cont, going all ronnd the eye except over the
front DEF (the cornea); at D and F it 1erminzn+r'5 antd makes a
groove, into which the {ransparent cornea fits, just as a watch
glass fits into the mefal rim made to receive 1t. .

The opening just below A is the optic nerve, which enfers the
eye on that side nearest the nose; and after it gets into the cye,
expands into the lining called tne retina.

Q. That sort of GLASSES do NEAR-SIGHTED
persons wear ? : y
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 ?”

A. Glasses hollowed-in on both sides.

The figure A is double concave, or concave on hoth
A sides.

Q. Where is the TMAGE of objects formed, if
the cornea be too convex ?

A. If the cormea be too convex, the
image of a distant object is formed in the

wvttreous hwmours of the eye, and not on
- the ret'ina.

Thus the image is formed at DE;
and not on ABC (the retina. )

Q. TWhat is the use of DOUBLE CONCAVE
SPECTACLIY glasses ?

A, To cast the vmage further back ;
in order that it may be thrown upon the
- retina and become visible.
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Q. Why are oD 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 objects which are NEAR ?

A. DBecause the cor'nea is too flat;
and the image of any near object is not
completely formed, when rays reach
the RET'INA; in consequence of which,
the 1image 1s imperfect and confused.

E| (&
i (g The perfect image would be made at DE;
E A and not on ABC (the retina).

+] .I ; \.‘\

Q. What sort of GLASSES do oLD people
WEAR ? ) :
A. As their cor'nea is not sufficiently

convex, they must use double convezx
glasses, to enable them to see objects
near at hand.

Q. What sort of glasses are *“ DOUBLE CONVEX
SPECTACLE GLASSLS ?”
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A. Glasses which curve outwards on
both sides.

The figure A is double convex, or convex on both
sides.

Q. What 1s the use of DOUBLE CONVEX specta-
cle glasses ?

A. To shorten the focus of the eye;
and bring the image of distant objects
upon the retina.

Q. Why do NEAR-SIGHTED persons bring ob-
jects CLOSE to the eye, in order to SEE THEM ?

A. Because the refracting powers of
their eye are so great, that the image of
distant objects 1s formed in front of the
rettna : but when objects are brought
near to the eye, their image 1s 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 fam.r.r

Q. Why do orp pﬂﬂpﬂ[(}LD objects FAR OFF,
in order to see them better P —

—

A. Because the refracting powers of
N
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their eyes are mot great enough : when,
however, objects are held further off, it
compensates for this defect; and a per-
fect image is formed on the retina.

Q. Why are mawks able to see such an
IMMENSE way off ?

A. Because they have a muscle in
the eye, which enables them to flatten
their cor'nea, 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. TWhy can BAWES see objects wilhin half-
an inch of their eyes as well as those a lony way off 2"

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. 409).
Q. Into how many PARTS May @ RAY 0
LIGHT be DIVIDED ?

A. Into three parts; BLuEg, YELLOW,,
and RED.

N.B. Thesethree colours by combination, make seven., l.—-
Rip. 2.—Onrancge (or red and yellow, 3 —YrLrow., 4—-
GRrEEN (or yellow and blue). 5.—BLuE. 6 —INbico (a shade:
of blue); and 7.—VioLkr (or blue and red. )

Q. How is it known, that a ray of lghtl
consists of several different colours 2
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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

tnto VARIOUS COLOURS P
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.

A

-----
.

. Here the ray AB (received on a prism at B), would have the
| Dlue part bent up to C; the yellow part to D; and the red part
no further thun L.

Q.  Whatismeant by the REFRACTION of @ ray?
A. Bending it from 1its straight line.

Thus the ray AB of the last fizure is refracted at B into three
courses, C, D, and k.

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:
divided wnto colours by the rain-drops, as!
they would be by a prism.

L
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Let A, B, and Cbethree drops of rain; SA,SB, and SC, thr
rays of the sun. They are all divided into three colours, by the®§
drops of rain on which they fall, and are reflected towards the eyedy

at D,
But 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 circumstancec
with regard to the eye, arched bands of colours are visible, cons

stituting the rainbow.
(). Does EVERY person see the SAME colour

from the SAME DROPS ?
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o=

]

{
A. No; no two persons see the same ~ |

rainbow,

To another spectator the rays from SB might be red, instead of
yellow: the ray from SC, yellow; and the blue might be reflected = ©°
from some drop below C. To a third person the red may issue S
from a drop above A, and then A would reflect the yellow, and B L

the blue, and so on. _'L-
()3

Why are there often TWo RAINBOWS, at one
and the same time ?

A. In one rainbow we see the rays of
the sun entering the rain-drops at the
top, and reflected to the eye from the
bottom.

In the other rainbow, we see the rays
of the sun entering the rawn-drops at the
bottom, and reflected to the top, whence
they reach the eye.

Here the ray SA (of the primary rainbow) strikes the drop at
A ,—is refracted or bent to I,—is then reflected to C, where it ia
refracted again, and reaches the eye of the spectator. (see p. 414)

Nasd




414 LIGHT.

Here the ray SB (of the secondary 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 bent, till it reaches the eyee
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) refracte

from the top.

See figure on next page. <

Here ABC represent three drops of rain in the SECONDARY
(or upper) RATNBOW.

The least refracted line is RED, and BLUE the most.

So the BLUE (or most refracted rays) of all the drops in the
position of A,—the YELLOW of those in the position of B,—ano
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the RED (or the least refracted rays) of thelowest drops, all meet
the eye D, and form a rainbow to the spectator.

The reason why the primary bow exhibits the stronger colours
is th.s—because the colours are seen after one reflection and fwo
refractions; but the colours of the secondary (or upper) rainbow,
undergo {wo reflections and Zwo refractions.

(See figure on p. 412.) Here also the least refracted ray is
RED, and the most refracted BLUE (as in the former case); but the
position of each is reversed.

Q.  Why does a soAP BUBBLE exhibit 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 THICENESS of the FILM affect
the coLouR of a soap bubble ?
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A. Because different degrees of thick-
ness n the film produce different powers:
of refraction ; and, therefore, where the:
thickness of the film varles, different!
colours reach the eye.

Where a spot on the bubble grows excessively thin, it appearss
black, because it then transmits all the light and reflects none,

Q. TWhy is a soAp BUBBLE $o constantly
OCHANGING 8 THICKNESS ?

A. Because water runs down from th
top to the bottom of the bubble, till th
crown becomes so thin as to burst.

Q. Why are soME things TRANSPARENT ?

A. DBecause they are so constitute
as to allow the vibrations of light t
be uniformly transmitted through thei
substance.

Q. Whyare somethings NOT TRANSPARENT ?

A. Because they are so constitutec
as not to allow the vibrations of light tc
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 transmitterl§
through them.

Q. Why are DRY PAPER and calico (which ar
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 ?

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 sum, like a mirror.

Q. Why are the EDGES of CcLOUDS more LUMI-
Nous, than their cENTRES ?

A. Because the body of vapour 1s
thinnest at the edges of the clouds.

Q. Wuy s a ray of vricHT 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. [Faplain 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. WHny do some things reflect ONE COLOUR,
and some ANOTHER ?

A. Because the surface of things is
differently constructed, both physically and
chemically.

Asthethickness of a cord affects the tone of it, so the thickness
of a lamina affects its colonr, as may be seen in a soap bubble.
Thin tight cords produce sharp shrill sounds, and thin laminze pro-
duce dlue and violef colours.  Thick loose cords produce deep bass
sounds, and thick laminze red colours.

Q. Why is 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 Zigk freble vibration of light, like
the upper Cin music. In order to produce violet colour, the
undulitions of ether must be 699 millions of millions per second 2
and in order to make high C in music, a cord must vibrate 516
times per second.

Q. TWhy is a ROSE RED ?

A. Red is the deep bass vibration of

ether, in which the undulations are as
slow as they possibly can be, in order
to be apparent.

[ B —k h -
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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 jerked off the surface of the
body at the rate of 477 millions of millions vibrationsin a second :
and in order to make low C in music, the air must vibrate only
258 times in a second.

Q. Why is a PRIMROSE YELLOW

A. Yellow is made by the medium
vibrations, as the middle C 1n musie.

Q. Why are some things BLACK, like coals ?

A. Because their surface will not
reflect the undulations of ether which
touch it; in consequence of which, they
cease.

These surfaces are to /igh¢, what insonorous substances are to
sound.

Q. TWhy are some things wHITE, like a lily ?

A. Because their surface 1s 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 FrROTH, SPRAY, many CLOUDS,
FAT, LIME, THREAD, dc. d¢c., white ?

A. DBecause they consist of an nfinite
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. 351.

Q. Why are the LEAVES of plants green ?

A. Because a peculiar chemical prin-
ciple, called chlorophyll, is formed within
their cells.

Chlorophyll (xAwpdv ¢iXNov a green ledf, ) is the green
matter of vegetable substances. Pronounce klo’-ro-fill.

Q. Why are leaves @ LIGHT green in SPRING ?

A. Because the chlorophyll 1s not
fully formed.

Q. Why do leaves turn BROWN in AUTUMN ?

A. Because the chlorophyll under-.
goes decay ; and 1s not replaced as 1t 18!
in spring.

Q. Why are plants a PALE YELLOW, when
kept in the DARK ?

A. Becausechlorophylleanbe formed!
only by the agency of the SUN'S Tays.

Q. Why are POTATOES 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
lo the air and light ) GREEN ?

A. Because chlo'rophyll is formed in
them, under the influence of the sun’s
light.

G, 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 atmospheric strata passed

through, is the principal cause of the inequality in the motion of
the successive systems of waves.

The similarity between sound and light has been already adverted

toin pp. 418, 419.—In this particular we find another forcible
resemblance,—viz. ;

1 TT"'” SOUNDS INTERCEPTING EACH OTHER'S OSCILLATIONS
at opposite phases, will BOTH BE SILENCED.

Vibrate a tuning-fork, and hold it over the mouth of a glass

beaker, the air will instantly assume sonorous vibrations, and a
fone 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 be repeated several times.

I1. S_n also TWo RAYS OF LIGHT INTERCEPTING EACH OTHER
at opposite phases, will PRODUCE DARKNESS.

Because the depression of one set of waves will be exacfl

measured by the elevation of the other set, and vice versa, Mo
explain this :—

O a
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+I _|_.'.'L 3
AR RN A
If B were fitted into A, as the depression of B is exactly com-
mensurate with the elevation of A, the two wavy lines would make
a level surface.

-1 /+1 \ —1 1
ME

Again, suppose A the undulafions of one star, and B those of
another, exactly half a phase different, then it is evident that the
elevations and depressions of A would be exactly destioyed by the

depressions and elevations of B ; and the result of such an iuter-
ference may be illustrated by the following algebraic formula:

+ —+ —

— o — &

x x % =

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 CIRCLE OF

FIRE,— WHY 18 this ?
A. Because the eye retains the umage
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of any bright object, after the object uiself
is withdrawn ; and as the spark of the
stick returns, before the image has faded
from the eye, it seems to form a complete
curcle.

Q. Ifseparate figures (as « 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,—Way is this ?

A. DBecause the image of the horse
remains upon the eye, till the man appears.

The Thaumatrope is constructed on this principle; it was in-
vented by Dr. Paris, and cons:sted at first of a piece of circular
card, having two sitk strings fastened at the two extremes ol 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 sidle. The magnificent con-
formations of coloured waves, by the same instrument, is a great
improvement on the origual toy.

Q. If we look at a RED-hot FIRE for a few
minutes, WAy does every thing seem TINGED with a
BLUISH GREEN colour ?

A. DBecause bluish green 1s the
¢ occIDENTAL coLOUR” of red: If we fix
our eye upon any colour whatsocver, we
see every object tinged with its accidental
colour, when we turn aside.

“ Accidental colour,” see note, p. 425.
0a-?




424 ACCIDENTAL COLOURS.

Q.  Why does the eye perceive the ACCIDENTAL
COLOUR, when the fundamental one is removed 2

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 BLUE GLASSES, why does every

thing appear tinged with ORANGE, when we take
them off ?

A. DBecause orange 1s the ‘ accidental
colour” of blue; and if we 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 @ vioLeT colour,—

Way is this?

A. Because wviolet is the ¢ accidental
colour” of gellow; and as the sun 18
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 looking |
at the sun) arise from our eyes being DAZZLED ?

A. Partly so: the pupil of the eye 1s:
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 violet, would tend to throw a
shadow upon all things. (See p. 383).

Q. Why is BLACK glass for speclacles the BEST
for wear, in this respect ?

A. Because white is the accidental
colour of black ; and if we wear black
glasses, every thing will appear in whate
light, when we take them off.

Q. Why does every thing seem shadowed with
a 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.
- . , oOf orange ,, blue.

2 = sy Of violet . Yellow,

- . 5 Of black ,» White.

And the converse of this is true :—
The accidental colour of bluish green is red.
L 33 th] ﬂr blue EE] nrangﬁ.
o = » Of yellow 5, violet.
s : 3 ,, Of white . black.

(The law of an accidental colour is this—The accidental colour
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
colour, the other Jeg 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 equal
ands, and placed side by side in the order just mentioned.

083
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CHAPTER XXVIII.

SOUND.

Q. How is souxD 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 1n a minute, or

1142 feet in a second of time.

Light would go 8 times round the whole earth, while sound is
going its 13 miles.

Q. Why are somE things sonorous, and others
NOT ? :

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 pounds o bell-
metal, there should be 1 1b. of tin, and

4 lbs. of copper.
Q. Why is this mizture of tin and copper used
for BELL-METAL ?

A. Because it is much harder and
more elastic, than any of the pure

metals.
Q. Why is the sound of a bell sTOPPED by
TOUCHING the bell with our finger ?

A. Because the weight of our finger
stops the vibrations of the bell; and as
soon as the bell ceases to vibrate, 1t ceases

to make sound-waves 1in the air.

Q. Why does a sprit bell make a hoarse
disagreeable sound ?

A. Because the split of the bell
causes a double vibrations : 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 2
A. DBecause the bow causes them to

vibrate ; and this vibration sets 1n motion
the sound-waves of the air, and produces

musical notes.
Q. Why does a DRUM sound ?

A. Because the parchment head of
the drum vibrates from the blow of the
drum-stick, and sels in motion the:

sound-waves of the air.
Q. Why do MUSICAL GLASSES give sound ?

A. Because the glasses vibrate wheni

they are struck, and set 1n motion the:f

sound-waves of the air.
Q. Why do FLUTES, dc., produce musicall
sounds ?

A. Because the breath of the per-:
former causes the awr in the jlule tos
vibrate ; and this vibration sets in motion

the sound-waves of the ar.
Q. Why do PIANO-FORTES produce mustcal

sounds ?

A. Because each Fkey of the puano

(being struck with the finger) lifts up
little hammer, which knocks agawnst a




SOUND. 429

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 hass sound audible is produced by 32 vibrations 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 lvwer by 129
vibrations. ("See p. 418.)

Q. Why is an instrument ¥LAT, when the
strings are UNSTRUNG ?

A. Because the vibrations being too
slow, the sounds produced are not shrill
or sharp eneugh.

Q. Why can persons, living @ mile or two

Jrom a town, 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 1s cold and clear, sound 1s propa-
gated more easily.

The direction of the wind will often account for this fact.

Q. W=y can we Not hear sounds (as those of
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distant church bells) in RAINY or snowy weather, 50
well as mn FINE weather ? 5

A. Because falling rain or snow
interferes wilh the undulations of thei,
sound-waves, and stops their progress. |,

Q. Why can we HEAR distant clocks MOST!
distinctly in clear coLp weather ?

A. Because the air 1s of more uniformi
density,and there are fewer currents off
air, of unequal temperature, to interruptiy
the sound-waves. | )

Besides, dense air can propagate sound-waves more readily thans
rarer air. |

Q. Why can persons (near the POLES) hear
the voICES of men in conversation a MILL distant unig
winter time ?

A. Because the air is very cold, clear,
and still ; in consequence of which, there:
are but few currents of air of unequa
temperature to interrupt the sound-waves.4,

Captain Ross heard the voices of his men in conversa'ion a
mile and a half from the spot where they stood: and Lientenant
Foster held a conversation with a man across the harbour obfy
Port Bowen, (in the North Sea,) a distauce of a mile and af
quarter. I

Q. Why are not souxps (such as those )
distant church bells) heard so distinctly on a HOI h
DAY, as in frosty weatler ?
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A. 1st—DBecause the density of the
air 1s less uniform 1n very hot weather :

ndly—It is more rarefied ; and con-
sequently, a worse conductor of sound:
and

Srdly—It 1s more liable to accidental
currents, which impede the progress of

sound.

Q. Why can we not hear sounds (such as
those of distant clocks ) so distinctly in a thick MisT
or HAZE, as in a clear night ?

A. DBecause the density of the air is
not so untform when 1t 1s laden with mist ;
in consequence of which, its sound-waves

are obstructed 1u their progress.

Q.  Why do we hear sounds better by N1GHT,
than by DAy ?

A. 1st—DBecause night air is of more
uniform density, and less liable to acci-
dental currents : and

Andly—Night is more stll, from the
suspension of business and the hum of

fmen.

1 Q. Whyisthe air of more uUNIFORM density
. by NIGHT, than it is by day ?

‘ 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, toff

PREVENT the voices in adjoining rooms from beingj
heard ? |
A. The space between the laths (or:

canvass) should be filled with shavings (ort
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?2:

A. Because there would be several
different media for the sound to pas
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 spreac
of the woice, and limits the diameter 0}
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 pressure of the water, are very
intenss, and sometimes even painful,

Q. How do you know, that the rarity of air
DIMINISHES the inlensuly of sound ?

A. If a bell be rung in the receiver
of an air-pump, the sound becomes
fainter and fainter, as the air 1s exhausted;
till at last 1t is almost ‘naudible.

Q. What s the cause of rcuo ?

A. Whenever a sound-wave strikes
against any obstacle (such as a wall or
Iill), 2t s reflected (or thrown back); and
this reflected sound 1s called an EcHo.

The same laws govern echo as light. (See p. 387.)

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
for ecHoES ?

{ A. DBecause the sound-waves which
| P a
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cannot pass through the cavern 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'

ow freely forward in them: but strike:

against the opposing walls and are beaten!
back.

Q. Why are MOUNTAINS, and ice-bergs FAMOUSS
for ECHOES ?

A. Because they present an insur-{
mountable barrier to the sound-waves,

and throw them back agawn.
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 thed .

original sound ; and the two produce but 51

one impression on the air. :

Sound travels 13 miles in a minute; and no perfect echo 1
heard, unless the surface (against which the sound strikes) is 68 jl
feet from the place, whence the sound originally proceeded. |

Q. Why do very LARGE buildings (as cathe
drals ), often REVERBERATE the voice of the speaker §§

A. Because the walls are so far ojji
from the speaker, that the echo does no:
get back in tume to blend with the origina
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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 1t will reflect : If,
therefore, it be very near, 1t will repeat
but one syllable.

Q. Why does an ECHO sometimes repeat TWO
or more syllables ?

A. DBecause the echoing body is far
off ; and there is time for one reflection
to pass away, before another reaches the

| E8r.

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 «// echoed, the
reflecting object is 1142 feet distant ; (because sound travels 1142
feet in a secund, and the words take one second to go fo the
reflecting object, and one second to refurn).

Q. Why are Two or more ECHOES sometimes
heard ?

A. Because separate reverberating
surfaces receive the sound, and reflect
1t 1n succession,

. 17 miles above Glasgow (Scotland) near a mansion called Ros-
| neath, is a very remarkable echo. If a trumpeter plays a tune,

P a R
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the echo will begin the same tune and repeat it all acenrately :—

as soon as this echo has ceased, anofher will echo the same tune § |
in a lower tone ; and aflter the second echo has ceased, a fhird
will succeed with equal fidelity, though in a much feebler tone.

At the Lake of Killarnev in IRELAND, there is an echo, which |
plays an excellent “ second” to any simple tune played on a bugle. .

Q. Why do wWINDOWS RATTLE when CARTS!
pass by a house ?

A. 1st—Because glass is sonorous ; {!
and the air communicates its vibrations:
to the glass, which echoes the same:
sound : and

2ndly—The window-frame being sha--§,
ken, contributes to the noise.

Window frames are shaken, 1.—By sound-waves impinginggz

against them : 2.—By a vibratory motion communicated to them:
by the walls of the house. i

CHAPTER XXIV.

f!f'

et l
MISCELLANEOTUS. A

ST !

Q. Why do the BUBBLES in a CUP of TEA
range round the sIDES of the cup? i

A. Because the cup attracts them.  Ji
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Q. Why do all the LITTLE BUBBLES Cend
towards the LARGE ones ?

A. Because the large bubbles (being
the superior masses) attract them.

Q. Why do the BUBBLES of a CUP OF TEA
FOLLOW @& TEA-SPOON ?

A. DBecause the tea-spoon attracts
them.

Q. Wy are the sios of a pond covered with
LEAVES, while the MIDDLE of the pond is quite
CLEAR ?

A. DBecause the shore atiracts 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, dec. (when severed from
the tree ) FALL to the EARTH ?

A. Because the earth attracts them.

Q. Why do persons (who water PLANTS) very
often pour the water into the SAUCER, and not over
the PLANTS ?

A. Because the water in the saucer
18 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 capirLARY
ATTRACTION. (See p. 76.)

Pasd




438 CAPILLARY ATTRACTION.

Q. Why s vegetation on the MARGIN of a
RIVER 70te 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 rume of sucar (left at the
bottom of @ cup) so LONG i1 MELTING ?

A. Because (as it melts) it makes the
tea around it heavier ; and (so long as 1t
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 wn solution.

Q. Why does @ LUMP 0f SUGAR MELT 1mO07€
QUICKLY, when STIRRED ABODT ?

A. DBecause fresh portions of unsatu-
rated tea come in contact with the lump,,

and soon dissolve it.
Q. Thy does a PIECE OF SUGAR (held mn 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 teaare brought constantly;
into contact with the sugar, till the lump
is entirely dissolved.
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Q. How can a sick RooM be kept FREE jfrom
unhealthy EFFLUVIA ?

A. By sprinkling it with a solution
of chloride of lime.

Q. Why 1is CHLORIDE of ILIME used to
Sumigate a sick room ?

A. Because the chlorine absorbs the
noxious gases of the confined air; and by
this means removes both the offensive

smell, and the infection of a sick room.

Q. Why does Liuk 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 pyroriG-
NEOUS ACID,—or by covering the meat
for a few hours with common CHARCOAL,—
or by putting a few lumps of charcoal
into the water in which it was botled.

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, HOS-
PITALS, and STABLES, be washed occasionally with
LIME-WHITE ?

A. Because lime ts very caustic, and
removes all organic matters adhering to

the walls.

Q. Why is a DEAD man TALLER than a living
one?

A. Because at death the cARTILAGES
are relaved. So, also, after a might's
rest, a man is taller than when he went
to bed.

Q. What s SLEEP ?

A. Sleep is the rest of the brain, and
the sensitive and motor parts of the
nervous systemt.

“ Motor” (from the Tatin moveo to move) those parts which
are connected with animal motion.

Q. Why do we not SEE, when we are asleep,
with our EYES OPEN ?
A. Because the “ rETINA of the eye”

is tnactive and at rest. (See p. 400).

Q. Why do we not HEAR in sleep 2

A. Because the nerve of hearing
(seated within the Tympanxum of the ear)
1s 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 mnerves
| (called papille) situated in the skin, are
| 1inactive and at rest.

. 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 no WILL of
| their own, but may be moved at the will of ANY one ?
A. DBecause the entire nervous system,
upon some of whose functions the exercise
- of will depends, 1s tractive and at rest.
Q. Why has a DREAMER no power of JUDG-
MENT Or REASON ?
A. DBecause the parts of the brain
' concerned in the performance of these
' functions are nactive and at rest.
| Q. Why does a person FEEL, when he is
| TOUCHED ?
| A. DBecause the ends of certain nerves
| which terminate in the skin, are excited ;




449 SALIVA.

and this produces a nervous sensation,
called FEELING.
The termination of the nerves mentioned are called * Papillz.”

Q. Why are persons able to TASTE DIFFERENT
FLAVOURS ?

A. DBecause the ‘“paprrrz” of the
tongue and palate are excited, when food
touches them; and this produces a
nervous sensation, called TASTE.

Q. What s the use of sALIVA?

A. Ist—It mixes mechanically with
our food, reducing 1t to a soft pulpy
state : and

2ndly—It has certain chemical pro-
perties, which greatly assist digestion.

Q. Why does the savour of delicious jfood
make the MOUTH of a hungry man WATER ?

A. DBecause 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 sAL1VA FROTHY ?
A. Because it contains aur, in order

that 1t may introduce oxygen into the
stomach.




APPENDIX OF MISCELLANEOUS QUESTIONS

For the ingenious reader o solve.

The figures refer to the page, where some cognate question may be found.

1. Why does abundance of dew in the morning indicate that
the day will be fine? p. 211.

2.  Why does an oar in water appear dent? p. 404.

3. If a piece of &rown paper be submitted to the action of a
burning-glass, it will catch fire muck sooner than a piece of white
paper wonld: Whyso? p. 195.

4. Why does a blue dress appear green by candle-light 7 p. 47.

5. Why does the sun look red in a fog 7 p. 145.

6. An irnk-spot on linen is first black, why does it afterwards
turn yellow? p. 419.

7. Why is it dangerous to row a boat under a bridge ?

8. Why does a candle flicker, especially just previous to its
being burnt out 2 p. 80.

9. 1If the ““ copper” (or hoiler) attached to a kitchen range be
filled with cold water af/er 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? p. 367.

12. Why is a room warmer when the window curtains are
drawn? pp. 182, 183.

13. Why are rooms much warmer for being furnished with
double doors and windows like Kensington Palace P pp. 182, 183.

14. Why is loose clothing warmer than that which fits close?

- 183.
4 156. Why does wetling a cornelian make it more Zransparent ?
. 421.

16. Why does painting iron prevent it from rusting ? p. 259.

17. Why is a dull fire revived by sweeping clean the hobs,
bars, ash-grate, &e. of the stove? pp. 52, 53.

18. Why does sfirring a dull fire serve to quicken it? pp.52,563.

19. Why does soapy water *‘lather?’’ p. 365b.

20. Why is well-made bread full of holes or eyes 7 p. 288.

21. Why do the sails of a wind-mill turn round ? p. 113.

22, If 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 slate? p. 362.
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24.  Why do sfars {winkle more than usual, just previous to
rain ? {a 421].

28. Why does milk boil over more readily than water? p. 365.

26. 1If a picture he glazed, you cannot see it in certain positions
—Wly not? p. 396.

27.  Dust very rarely flies by night—Why so? p. 227.

28. Why does the cork of a soda-waler bottle make a loud re-
port, when drawn? p. 108.

29. Why does the cork of a soda-wafer hottle fly off, as soon
as it has been released from the bond which held it in? p. 277.

30. Why do our kands and lips chap in frosty and windy
wenther? p. 333.

31. When a black subsoil is dug or ploughed up, it turns of a
reddish érown after a short time—Why is tlhis?  p. 260.

32. Why are decaying veyelables always wet 7 p. 284,

33. If a house be faced with sfwceo to resemble stone, why
does the facing very often flake off in winter, and leave the house
unsightly P p. 375. '

34. Wy do the lustres of a chandelier seem finted with such
varions and beautiful colours? p 411,

35. Horn is fransparent, wly are nof horn sharvings transs
parent also P p. 4106.

335. When a glazier is mending a window, and clean the pane
with his brush, why do the loose pieces of putty (on the opposite
side of 1lie window-pane) dance up and down? p. 293.

37. When you rub a piece of paper with Indian rubber, why
is it slicky ?  p. 20.

38, It you dry a piece of common drown paper by the fire, and
draw it once or twice between your two Awees, why will it stick
fast to the wall? p. 29.

89 Why can persons he keard (in a calm day) at a greafer
distance on the sea, than on land P p. 430,

40. The height of mounfains may be ascertained by a barom-
efer : Explain the reason of this. p. 335.

41. How does starch assist in giving a smooth glazed surface
to linen? p. 421. \ i

42. 1If u drop of wafer be spilt on a table clofk, why will 1t
spread in all directions? p. 76.

43, Why does salf preserve meat? p. 438.

44, Why does melted wae become hard when cold? p. 169,

45. Why does paint often blister from heat? p. 3705.

46. Why ure rolling leaves kol ?  pp. B8, 283,

47. Why are rotting leaves damp ?  p. 283.

48. Why does bread become kard, alter it has been kept a few

days? p. 169.

i

i
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49. Why are plants white, which are kept in the dark ? p. 420.

50. Why does 0i/ become Zhick in winter-time ?

51. Why does a pop-gun make a loud report, when the paper
bullet is discharged from it? p. 107. - ;

52. Why does sfeam make the engine of a locomotive whistle ?

. 116.

s 63. Why will dright iron lose its polish, by being put into a

fire ? P&' 258. .
54. 'hy does sound seem louder in caves, than on a plain P
. 431.

4 55. Why does paint preserve wood ?

o6,  Why does mother of pearl shew so many colours P

57. Why can you fill a dry glass beyond the level of the brim P
PP. 4‘36: "1'3?. 3

58. If you leave a little tea in your cup, and put your spoon in,
why does the fea rush to the spoon? p. 436.

59.?_ When liguor is poured from a bottle, why does it gurgle ?

R anY.
E 60. Why will Zucifer matches ignite by merely drawing them
across any rough surface P pp. 104, 298.

61.  Why will they nof 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 left cheek of the reflection ;
if we lift our right arm, the reflection moves the leff arm, and vice
versa. Why is this? p. 388.

63. A silver tea spoon becomes more heated by hot tea, than
one ofinferior metal (as German silver,Nickell,&c.) Why 7 p. 172.

64. If you scrape a slip of paper with a knife, why will the
paper curl ?

65. Why does the sfopple of a decanter stick fast, if it be put
in damp P

66. Why does the sfopple of a smelling boltle often stick fast ?

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 3lack while alive, turn red
by being boiled ?

70. Why does a shrimp, which is nearly wkife while alive, tarn
red by being boiled ?

71.  Why is the skadow of the moon stronger, than the shadow
of the sun?

72. Why does farishorn take out the red spot in cloth, pro-
duced by sulphuric or any other acid 2

G a
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73. ; Why will powdered sulphur quench fire, more rapidly than
water
T4. How does sfarch serve to sfiffen linen P
75.  Why should lightning-conductors be pointed ?
76. Why do bricks turn green, after they have been exposed to |
the weather?
77. Wlen pofafoes are boiled, why are those at the fop of the !
boiler covked sooner, than those nearer to the fire P
78. II a silver spoon, which has been farnisked by an egg, be !
rubbed with a little saf¢, why will the tarnish disappear?
79. Why are books discoloured by age or damp P
80. Why does sour milk curdle ?
81. Why does ckurning milk convert it into bufler?
82. Why does the sun or fire warp wood?
83. Why does the sun fade artificial colours ? .
84. When a Anife is sharpened on a grind.sfone, why is oil or:
water used P
86. Why does bread become mouldy, after it has been kept as
few days P
Bﬁ.d Why does meat puirefy sooner in kot damp weather, thans
in cold P
87. Birds, after they are killed, keep longer in their feathers,y,
than when they are plucked ; Why is this?
88. Why do planis, 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 7
91. Why does wafer make a hissing noise, when it is poured
on fire ?
92, Why will Zof iron Jend more easily than cold ?
93. Why does iron turn first red and then whife, from Zeat ?
94, Why does kof water freeze more quickly than cold P
95. Why does wafer freeze more quickly than milk 7
96. Why are glue, gum, starch, and paste adhesive P
97. Why does a railway ¢rain make more noise, when it pass
over a bridge or meadow, than when 1t runs over solid ground ?
98. Why does milk boil more quickly than water ?
99. Why will milk burn more readily than water ?
100. Why is it impossible to wrife on greasy paper ?
101. Why docs rain “ ring down the cold 2"
102. Why does furpentine take out grease spots from cloth ?
103. Why does oxalic acid take out ink spots ?
104, Why does wazing cotton or thread make it stronger 7
105. Why is a stick made flexible by boiling it P
106. Why does manure make land ferfile ?
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ABsorBERS of heat. ...
bad, bright metal
conductors ..
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Lisle thread
reflectors
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Activiry affected by cold 94

by heat 96
Aerated water ........ 277
Aeronauts feel pain .. 152

AGED people far-sighted 408
cannot walk 441
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AIR ..
affected by’ rotation
of earth ...... 307
always in motion 303
ascends when hot 301
bad conductor 184, 243
,, radiator .... 226
cause of its weight 336
city, unhealthy 248, 272
cold 184,330
colder than blood 188
composed of2 gases 244
condensed by ecold 301
cooled by convection 226
cooled by rain .... 166
cools hotiron .... 2353
country healthy 248,271
densitydim. by rain 354
descends when cold 301
dries linen 166
dry, dense 153
dryer before noon 156

........

summer 150
elementsof ...... 244
expanded by heat 107
full of smells .... 157
gets fire up .. ... sy 1ok
healthfal ...co00s 271
heated ...... 226,302
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AIR (continued) PAGE PAGE
heatednotby thesun302 | ALE stale ...,...... 286
hot in sunshine .. 253 | Alkali ......... TS 46
intamoom’ .. ..., 308 | Ammonia .00l . 284
inflammable .... 294 | Anemometer ....,... 331
(see hydrogen) Anglers hate a magpie 159
invisible ......., 255 | Angle of incidence .... 887
land, coldest .... 231 reflection.... 887
» atnight ..., 233 | Anhydrous sugar . 280

needful for fire .., 62
non-conductor ,. 13
preserved normal 250
purified by lightning 28
radiates no heat .. 225
rarefied ascends .. 301

5 bad conduc-
torofsound432
< by a crowd 267
o brings rain 355
5 noiseless 153
ruatsiiron, ..., 208

still before a tempest153

2 currents in rooms 303
uniform atnight .. 431

use of oxygen in.. 245
VA0 T i g b

,» i temperature 352
vitiated by a crowd 268
weight of, cause .. 336
Air-pump freezes water 370
A1sLusfamousforechoes 433
colder than galleries 255

ALcoHOL, elements of.. 270
from sugar .... 280
boiling point of 122

ALRN o ve se s obls S L

| oo i 110 A s P e O
i A e s S 5
drath ol s i aa 278
» increased by heat 112

Animal fluids conductors 14
ANIMAL HEAT ..., 85,289
from combustion 87

life dependent .. 251
Animals forebode rain 154
Ants love honey dew .. 228
Appetite, see hunger,

ArPLES full of air .... 109

roasted " .5 ... 108

BOTt ath s OB
APRIL showers ...... 325

winds - .0 ... 3%
AqUR fortia s e o 488
Argand lamps ...... 84
Armour safe in a storm 21
Arnott’s stoves smoke 69

smell of sulphur 57
Ascent in balloons pains 152
Ashes soften water .... 362
Asses brayin wet weather 154
Atmosphere, (see air) 318
August winds .... 817,318

AURORA BOREALIS .... 148
cause of ......, 149
coloured ...... 148
sounds of .... 1498
WHILE e aias 148

Autumn tints ....... . 420

AVENUES . +sssasrenss O08
Averno, lake of ..
Azote, see nitrogen.

ceee 270
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PAGE
Bales spontaneouslyignite 58
BaLLooxs cause pain .. 152
juflated .... 112
Tise . 112
Balls of fire ...... G
Balusters wet 223
Banisters, see balusters
Barley malted
BAROMETER
affected by cold ..
frostan.
heat . ...
sudden changes
thunder
thaw
wind ..
differs from ther-
mometer ....
inventor of ....
JallioFeis it iisere o
fluctnating ....
high in April ..
August
dry air ..
fine wthr.
June. ..

May-. ...

281
334
345
337
345
347
341
. 331
339

--------

334
946
348
347
346
346
539
341
346

N.E. wind 337 |

September 546
snow .. 942
low in January 346
December 340
February 346
July .. 346
moist air 340
November 346
Oectober 346
rain .... 340

346
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BaroMETER (continued) pAcE
low in S. wind.. 338

thaw .... 938

torrid zone 340

W. wind .. 858

warm air .. 2340

rise of .... 348
rises in fine wthr. 342

rules for 348

signs of falling 343

rising 943

sinksin foul wthr, 342
sudden ehange of 347
unsettled .... 848

use of 339

a weather glass 336

to msur. hghts. 335

to sailors .... 3837

varies most .... 345

least ..... 349

when highest .. 346
lowest .... 3406

Barren land dewless .. 216
Bass notes in music418,429
cause of ...... 418
vibrations to ... 429
resemble scarlet 419

" & & &8

Bass preserves flowers 213
BatHING, danger of .. 403
prom, health 69

with ether for

inflammation 163
Beakers broken by heat 128
BeEArs cold in winter 97

live without food 98
arctic, most hair 183
Beasts covered with hair 182
Beating iron makes it hot 99
Beds damp

164
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INDEX.,

PAGE PAGE
BEER, bottled frothy .. 278 | Brack mist ........ 150
fermentation of 279 BEENA S o el BN

o S . ... 286 y» Will not blister 198
frothed by heat 112 tea pot it i 205

BB 5 % 286 yy Used by cotters 204

BOUP e siaiio e s s 280 ,» 8¢t on a hob 205
soured bylightning 27 Warm bt R 195

y» TNotoldbeer 27 | Blacks ....... o o) |

spoiled, ifthe vent- none to steamers 61

peg be left out 280 | Blacksmiths strike fire

yeast ferments 282
Beer-vats dangerous .. 274
Berrsheard atadistance 430

notin a fog 429
cracked sound harsh427
ringing dangerous 17
silenced by a touch 427
metaliofss soniar. . 427

Bellowa ... dacet i rel 7Y
(see Clark's blower)
Bible explained 181,218,350

Bi-carbonate of lime .. 291
Bins purified by lime 291
Binps feathered .... 183

hot blooded .... 907
small, most down 183
B LA OR 5 o PT ity .. 419
cloth warm .... 194
colour warm .. 195
cause of ...... 419
eyes 199
glass for spectaclesd24
hat red at sea side 361
hole of Caleutta 268

LI B

insonorous .... 419
kid gloves .... 106
T gt o R R 205

»» prevents rust 260

by nails 100
Bladders inflated .. 107,301
BrAzr, blue : .oen.te . 4

between the bars 46
burns up coals 40
yellow i o oisisnan  AY

Broon: i ihue-5: 247, 266
parples. faittea .. 248

red s s 247, 244

starts from wounds 86
Blowers) wismialiadde: 70
Blowing cools food 1806, 329
tinder caoeiai: 101

BrLue s raaatare s 442

cause of .. 418, 424

resembles treble 418

BRY e hivn smnis wa: (JAH

spectacles .... 423

sublimate .... 488

Broad cloth warmest .. 183

Bopy dead, smells .. 207

Inallofis; it i

warm .... 87, 89, 289
Boiler, (see saucepan.)

BOILING o Saiite tiiate s i 238
WATER bubbles .. 117
fonrof .. . ous 264
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Borning (continued) PAGE PAGE
wATER makes it flat 287 | BREEZE sea cool .... 327
is in a ferment 239 speed of .... 331

kept hot .... 208 (see wind).
rattles .....0 119 | Brewinig v.vcoeiocece 282
runs over .. 118 | Bricks for cold feet .. 179
swells ...... 117 | Brick stoves ........ 181
one pot in another 120 | Bricklayers, frost retards 375
retarded by salt 121 cover with straw 37D
spoon 120 | Bright day exhilarating 150
sugar 121 metal bad radiator 209
without touching Brillianicy * . cee ofses .o 381
the boiler .... 121 | BrinE retards boiling 121
point ...cvvenen 122 tested il Jiee BT
Bones white ........ 420 | Britain cloudy ...... 131
Boots hot when dusty 201 grows warmer 166
Borers hot from use .. 105 | Brora cooled by breath 254
Bottled ale, &e. ...... 278 ,y convection 2054
Brackish water unfit for , Stirring .. 254
railway engines .... 2065 | BuBBLES in tea ...... 4306
Bracing weather ...... 153 of boiling water 117
Bradawls hot from use 105 | Burns cured ........ 163

Breap burntpurifies water7s

Reayy Foieneis 289
made with yeast 287
TEAIOYE s o shtleioie s s ate 329
Brears exhaled . 249
inhaled ™ Sovaisne RET
visible in winter 224
Breathing deseribed .. 250
difficult on mounts. 250
previous to a storm 250
BrEEZE at seaside ., 827
aveningi v i 326
s unhbealthy 327
land cool ...... 328
Morning ‘v ..-.. 320
s healthy .. 327

of islands .... 326

Burnt bread purifies water 73

stick twisted .... 421
Burning glasses .... 2,3
Caleining ...cocee .. 202

Calcutta, black hole of 268
Caleareots ....ve-oea 281
Calico oiled transparent 416
Calms .. gld
Orlorie s inside o 1
Cambrie hndkehfs. cool 191
Cambridge, rain of .. .. 358
CANDLES .. 79

burn 75

composite not snuffed83

COTPSe . ... 208

------------

0 R R RN
L]

cotton hard toblowout80
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CaNbpLES (conlinued)  pace
bomn bltein . vie.sms o 18
easily blown out 52, 79

s Tekindled 53
extingunished .... 81
»  bybreath %9
paper 81

FLAME desecribed . 77
ok & Guaiia. 40
i hploWs saeiesd o W

»» luminons .. 78

», makes gl.wet 79

sy . pointed. ..c..s 79

s produceslight 77

» purple below 79

s tends upwds. 79

w Yellow .... 47

s GaAs of .. 86, 294
held at a door 304
hottestabove the flame 80

givey lights oewese 77
make glass damp . 79
need souffing .... 83

Palmer'snot snuffed 82
prevent seeing a rd. 396
reflected in a window 396
rekindled quickly . 53
rush, easily go out 80
shadow cast by .. 397
smoke of 83
spirt 161
sudden light painful 382
used by miners .. 267
wax, not snuffed .. 83
Caxnox balls hot 106G
boring’ 104

Canvass flower awning 213
CAPILLARY
attraction .

tttttt

----------

ttttttt

INDEX.

CAPILLARY (continved) pace

attraction of earth.. 437
s sponge 76

" thread 191

4 wicks . 191
combustion ....... s G0
Ye’8elg , ;. cilbuian . S

»  pervade body . 86

| Captain Ross: .cvvuuss 426
Gapuching. < enti s 357
CARBON 5 aeo o0 a9, 86, 75
in the blood .. 2606

Carbonate of ammonia 480
lime.... 480

CARBONIC ACID GAS .. 2C06
absorbed by leaves 251

chokes s s see wan 209
cause of heat .... 290
deleterious ...... 2066
detectedr siciiviin s ROT

dissipated by red heat276
0 water 275
in human bodies 86
of the soil 251
water 291
sources of 275
CARBETD. HYDRO. GAS 203
how procured 293
Carpenters’ tools hot .. 104
Carpets warm ........ 176
| CARRIAGE, in astorm.. 20
wheels catch fire 103
windows misty . 220
Casks charred ... 73
Cart grease .. 103
Cathedral aisles famous
for echoes
CaTs in wet weather ..
prowl by night. ...
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433
156
384
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PAGE

CaTs see in the dark .. 384
wink before a fire 884
CATTLE lowin wet weatherl 54
struck by lightning 19

CAUSTICIiME eeveces 439

IO AT s . 4885
Caverns famed forechoes 435;’!
Ceilings s00ty voveen.n 71

CeLnarscold in summer 258
warm in winter 257
Werebellnm . o o o s . 440
IMBTPEHITITI s 6is e s 441
BRRlL e e e 108
Champagne acid ...... 278
(EHARCOAL s« oo e sisiale 72
bad conductor 172

FIRE very hot 72

,, deleterious 274

purifies water 73

removes taint 72
CHARRING bread...... 74
gAsSkE S i 73

wood G iess 14
CHEMICAL ACTION .... 92
developes heat 2
CuaEes~uTs roasted crack 107
not if slit 108

Children hot-blooded ... 97
CriMyxEY draught,canseof 64
factory,long.. 04

flues of long 63, G4

- short 64
raised above a
honse v.ae 08, 6l
POTE  oavos e e a1
BMOKY o'e s s i e A (10

in close rooms 02

remedy «..... 03

453

CaivuNEY (continued) pAGE
draughtslack 64,73
door misplaced 68

remedy.... 08
flue toolong 61, 113
,, short .... 04
remedy.... 69
need repairing 068
,, sweeping 68
of oldhomstds. (9
two fires .... 05
remedy.... 60

valleys ...... 67

vestries .... 66
remedy.... 67

“wind .... 70, 114

China broken by water 128
Chloride of lime...... 429
Chlorophylls . .« 'sisses 420
Choke damp ........ 273
CuurcH bells heard 153, 428
congregation drowsy 270
yards smell ...... 297

0] o), § [pgheor ot S p e
Dhymie s s osler sl cre = =ity 247
Oider acid" e s etesielsn et D
CINDERS, iTON. .00 44
lighter than coals 44

soon heoted.... 44

will not blaze .. 49
Cirno-cuMULUS clouds 140
forebode drought 140

how produced .. 140
CirRO-sTRATUS = clouds 141
forebode change 140

how produced .. 140
CirRUS clouds..ieeeess 137
foretell fine weather 138

how produced .... 139
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vacE | CLouDs (continued) PAGE

Citizens pale ......... 248 absorbed by wind 134
Bitrie aeides sl ovess. 488 affect the wind.... 810
City air unhealthy .... 272 cause of ......., 131
Clark’s patent blower ... 52 cirro-cumulas.... 140
Clay for furnace doors.. 181 cirro-stratus .... 141
Clean kettles ...... o 198 CIYTHB. .« cogel it oe LD
CLEANLINESS connected clgsses of .. e v o o 1B
with the dietary .... 96 colour of ,...134, 135

sl PONEY N i 20 compound ....,, 140
CrLEAR day overcast.... 320 cumulo stratus.... 141
fire burns slowly .. 40 eumulas .o .es sess 1D8
nights exhilarating 151 differ from fog, 130, 234
CLIMATE varies ...... 304 dissipated.... 134, 143
from forests .. 167 distance from earth 132
adande e vai. 805 edgesmostluminous 417

,, Mmountains 303 electrical ...... .. 133

i3 i BN G s e 3l electricity moves.. 137

S (o ) R 11 fall in rainy weather 354

s ITEH: ene 107 FANTRILIO g viaieis se OB

Clocks heard distant .. 430 Hontins s s 100
notin a mist 431 gather round hills 142

Close rooms unhealthy 2068 height of...... 8, 132
Cloth collects no dew .. 215 highest ......... 132
CrorHES black, warm 194 highestin a fine day 132
coarse not ditto .. 190 increased by wind 184
damp in snummer.. 217 intermediate .... 139

fine cloth warm .. 190 Lig b sistess v sreieiatas 123
loose, warmest.... 183 lowest ., sssienns do

AT v staapans: 18] morning red .... 185
WRATITN I e i n s aroftin sy L OA motion of .+..... 136
want of, causes dirt 96 NIMDNS, o vanisteeinin L1

wet dangerous.... 164 foretell weather 138, 141
white, cold ...... 194 rain indicated by.. 141

y»» from sea spray 170 polar currents affect 313

,» Lotonwetdays 170 T L g R | i)
workmen's ..... s i) round mountain tops 142
Cloudiest countries .. 132 | simple < eoecooe-- 137

PEQUDER  cruueisisssssimsnl 10 s A AR 132
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Croups (continued)  PacE PAGE

Stratis .. ....... 138 | Corp water contains heat 33
sun-set ........ 143 | Colder some things than

thickness of..... . 133 QBT v vl o esiniols 171

,, how ascertained 133 | Colds from wet clothes 1064

thunder™ . o vaies 4 | Collapsing ...... 109, 302

vary in shape 133, 313 | CoLoURS ............ 410

,, in colour 136, 313
wheremostabundantl 32

,, least % 132
e Ol arie s e 1)
veloecity of ...... 331
WL LET e e s e s (s ols 419

wind affects .. 131, 134
yellow ...... 143, 144
,, indicate wet 144

Cloudy night warm .... 211
vo dew .. 211

oppressive 150

EoAT black .......h0- 419
Bl n g 40
forfuel .......: 44

[0 et A T vae 1O, 204

grotesque figures of 42
mines explode .... 294

Ly eite) TV el L R |
wetted when dusty 55
UOEE ... o7
Tortaelosia s it 44
spontaneously ignites H8
Corp affects barometer 330
condenses air .... 301

rrrrrrrrrrr

1) (o] 1 of: [ s AR T 1]
makes us love fat 92

¥ activity 94
mountains ...... 202
out of doors .... 330
promotes hunger .. 93

,s sound 430

accidental .. 424
akin to sound 418
binek . e 419
BlhEN L v 1S
dark, warm .. 193
green ...... 420
light, cold .. 195
of clonds 134, 135

, electrieity 30

T [ L A 418

VAT eic oo niaias 417

white ovei 19

Vellow: o cosins 419
Combining not mixing 20
ComBUSTION (See fire) 85
aniHal, .. .. onter BN

cause of ...... 88
chemistry of 85, 89

from fermentation 58
elementsof .... 88
401 ) i e o )
increased by wind 52

in the veins 86
produces light .. 48
spontaneous ... o7

ComMUNIcATION Of HEAT 171
Composite candles not

anuffed © s ook 83
Compound clouds .... 140
COMPRESSION ........ 103

not condensation 105
CONDENSATION 105
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: PAGE PAGE
Condensed air,....... 301 | CouNTRIES most cloudy 132

CONDUCTION ........ 171
not absorption 192
CoxpuctoRs, best .... 172
WOXst ... 172
animalfluids.. 14
not absorbers 192
of lightning .. 22
, dangerous 24
ConNvEcTION .... 226, 238
Convective currents 252, 802
cool broth 254
s iron 253

Cooking vessels with
wooden handles .... 173
Cooper applieshothoops 125
CoppPER for conductors 23,172
sonorous ...... 420
tarnishes ...... 261
-HOLE draws ... 61
roars .... 62

»» Tnot with open

door
Cork driven out by heat 112
OTTICN o tagssid o aretets Tooeso 4 406
Corns ache before rain 257

Corpse candles ...... 208
cold: i sisie . 98B
emell . i.anss 297

Corrosive sublimates .. 488
Corrox bales catch fire

spontaneously 58

eANATES i vse e B

handkerchiefs hot 191

oiled transparent 421

ghirts warm .... 1890

wool bad conduetor 191 !

Count Rumford ...... 191

least cloudy 132

Country air healthy 248, 270
CounTrYMENenjoyhealth271
ruddy .. 241

GOl b v oag - R
Crowps bad in storms 18
cause drowsiness 270

»y head ache 267

vitiate air . .... 287
unhealthy .... 268
Crucibles of platinum.. 2063
CurLiNary vessels .... 208
have wooden handles 173
should be sooty .... 208
Cultivation promotes dew 216
»s» warmth 167
CuMuro-stratus clouds 141

forebode change 141
Cumurus clounds .... 138
forebode fine weather 138

o P e 138

how produced .... 139
CUB AN 8 PIe enee sl
T 124

why full of juice 124

Currents of air ...... 302
Damp balusters ...... 223
heds, .. 164
clothes ........ 218
hoNBe:. ticuneise 223

Dancing of objects after
T 1 be DR YRS b s 156

Dandelion bodes rain .. 157
DANGER in a storm ... 12
from barring shutters 18
BRlls o, AR
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Daxcger (continued) PAGcE | DEW (continued) PAGE
carriages .... <0 distilled after—

crowds...... 19 fine nights 211

- fire-place.... 19
from flocks ........ 19
Berds ...owe 18

TINREI e e 22
TIVELS o iiles 14
steeples .... 14
theatres .... 19
frees .. s dd
walls™ oo ol sl
watches .... 22
DARK colours warm .. 195

radiate heat 204 |

Darkness from 2 lights 421
Blavy Sir H. ......
DayrigHT breeds hunger 91

mitigates cold 91
IRZIVNE . o e coennsone &
DEAD bodies cold .... 98

smell,,.. 207
taller, &e. 440
Deafness ........ AT S
Deal snaps in a fire .. 110

DEecanting liquor .... 287

spirts 287
December winds ...... 17
Decomposition ...... 284

Deep water freezes slowly 872
Depression of spirits ..
Descent iu a diving bell 152
Deserts hot and dazzling 417
Detonating powder .. .. 106

e e P R s o 210
causa of ...... N ong
deleterions ...... 227

differs from mist, . 228
rain ,. 2383

.. 295 |

150 |

Deat ...« 228

west winds 225

on clothes.... 218
cultivated land 217

@TRSE. sisiaieisie 2116

hairs ‘.oe... 294

s R e e

hollows .... 214

leaves ...... 215

open fields .. 212

valleys ...... 214

not in cloudy nights 211

i east winds .. 224

i winds ,..... 214

y» On barren lands 217

. cloth ..aees 215

i deserts .... 216

% gravel ...... 216

o metall o218

s roeks .. e 20D

i stones...... 2156

s waol oieens 218
under awnings .. 213

w chedgest Gasa 212

E WECE dieviates OIS

> Wallghin s s a2
DeEw-DroP round .... 229
flattened ...... 220

roll on eabbages 230

TO8€E8  asisesea2a0
Digestion...... cesess 04
Diminishing glasses .. 399
Dinner covers bright .. 209
DINGEWALIR, oic 't iojoitinters RN HE
DisTaxT bells heard .. 428
BlOCKS! oigi0i0 0 micte: 430

Ra




458

DistasT—(continued) FPAGE

objects small 399, 400

,, invisible 401

sight. ..... 407, 409

,, spectacles for 408

DisTANCE lessens .... 899

makes invisible 403

Distilled vinegar 4588

Divers suffer pain .... 192

Diving bells cause pain 152

Dormice cold in winter 97

live without food 98

Doors, draught of . ... 832

shrink from dry 157

swell from wet .. 157

Dogs in wet weather .. 156

Doucu fermented .... 288

set by a fire to rise 288

Double concave glasses 407

convex glasses 408

Dowx warm . 183

bad conduetor .. 191

Drained lands warm .. 1067

DravuGHT at a door. ... 332
blows a flame

outwards .. 303

inwards .. 804

of a chimney 00, 64

key-hole .. 331

window.... 832

Slaclc. -~ 00; 02

llllll

Dreams b M e
Drinking water «...-. 201
Dropsof dew roll onleave 5230

round «.... 22D

shape varies 229

of rain roll on dust 230
round

size varies .

CRC

253 |
354

INDEX.

Drums
Dry wood for kindling .
burns best ..
% snaps about .
Driest months . ...
Dublin, rain of
Duck dry in water ....
noisy before rain..
Dull surfaces radiate heat 204
Dullness 381, 417
Dunghills hot .....c...
Dusty shoes hot ...
coals wetted ....

Ear trumpets
EarTH, bad conductor .
cool after sun-set..

in a fine night
,, in summer .. 188
covered with dew..
cracks by frost. ...
crumbles in spring
hardened by sun ..
warm in winter
warmer by day . ...

fog
Earthen tea-pots ......
set on a hob to draw
East-wiND cold «....-
dry

revents dew 22%

EaT more in cold weather 9!

n

LI

a e s awa @ 80 a8

less in warm 9l

too much makes fat 9

" ! usill 9¢
ECHOES «cosssssassn 435
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INDEX.
pace | ExcLAND—(continued) race
EcHoES two or more .. 430 ,, morning at wa-
remarkable .. 435 tering places.. 370
EFFECTS OF BHEAT .. 2, 107 wiND most prevalent 317
EFFERVESCENCE  +... 277 , mnorth cold.... 320

soon subsides 288
Effervescing draughts .. 277
Ecc, component parts of 285

discolours silver .. 284

remedy . .....--
smells offensively.. 289
tests brine ...... 377

Egypt not clondy...... 132
Eider down warm. ... .. 191
ELECTRICITY—

affects clouds . 1133
cause of thunder.. 3
coloarof .....sus
developes heat .... 3
excited by friction 29
felt at the elbows.. 30

ROt i S e
moves clouds .... 130
gdonrol ianilsea 30

of clonds ......4, 136

positive and negative 10

resinous & vitreous 4, 16

speed of. ieshene AL

Electric telegraph .... 31

EremenTs of air .... 39

aleohol.. 279

fuel o..s 45

sager .. 279

Emetic tartar ........ 480
ENGLAND—

grows warmer ......

WIMIIB.OF 215 55 o' sissaia. LT

, eastcold...... 319

ATy 2 ceses. 820

167

h 7

284 |

30 |

» , dry .... 320
north east dry 322
south rainy .. 3821
b s warm .. 320
sonth-west rainy 322
west rainy .... 321
when highest .. 317
o ,, lowest .. 318

5 rainiof..cieasns 358
(See March winds.)
Epsom salts,...... .t
Esquimaux love blubber
Equatorial eurrent ...
TRIDG: s ehisn

ETHER ...
boiling point of ....
used for freezing ....

,, inflammation

,  scalds, burns
vapourized 163
European skin white .. 198
EVAPORATION ..coues . 162
freezes ... 376

of sea.... 309

EvENING breeze ...... 326
cLouDs ..135, 143

, grey .. 146

,, red 135, 143

,, yellow. 143

RAINBOW .... 147
Evergreens frost bitten . 236
Ewers broken by frost . 366

1
17

»n

410

94
312
809

48
122
376
163
163

B EEE 8" S8R

" & & & @@

Expaxston by mear 107, 124
ExprosionN of chestnuts 107
Ra2
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PAGE PAGE |
Exrrostox of gunpowderl08 | FEeT cold before a fire 54 .
mines .. 294 wet dangerous .., 104 |
Extinguishers ........ 81 | FERMENTATION ...., . 2791
made of paper 8I a combustion 5B 1

ExEs affected by glasses 423
s fire light 423
5 sudden . 352
28 50N .... 423
contracted by light. 395
black: « .%o tenne 199
conform to light ... 883
cornea of ........ 406
negro's dark...... 199
relina’of ........ 408
two, use of ...... B85
see single ...,.,.. 386
EXERcISE—
good for health .... 90
produces appetite..... 90

4 warmth.... 90
want of produces fat 90
. sickness 90

Face soon scorched..,.. 203
Factory chimneys .... 04
HARTIIND ¥ S0 20Tt AB8b
AR sighte o 0. J6. 00 408
cause of .... 403

»  spectacles for . 408
Farm houses smoke .. 69
FAr from gross eating.. 90

lnziness .... 90
men swim best.... 372
pleasant in winter 92

not in summer.,. 95
whilteh st 41D
Feathers warm.,....... 183
Fealing  ociviseiaas 441

not putrefaction 283 |

of beer’ & can 2791
g dough...... 2881
55 SUEAT sk 2791
gy LHE DS R 2791

requires water .... 285
Fender & fire-irons cold 193 |
Fiddle strings musical 428 |

snap from wet 356 |

Files hot from use ..., 104/
FixE weather braces .., 1531
indications of 145 |

Fingers cold when wet . 163!
RIRE . oo cea O
air needful for .... 62}

beilows, use of.... 52!
black and red .... 40}
BlaZEs boiles st 40

5, not in frost 49)
blowers.. .. ..ok 70)
burns blue ...... 47!
bursts thro' the bars 46!
cATIse of: in et s 381
charcoal ..... : 73!

< dangerous 273!
clear <o e 40808
dATD . s i s 293 !
differs from animal

hedt. . .oaiini e
dull, cause of .... 064l
eflfect on eyes 384, 423!
extinguished .... 85

- by water 55, 1111
fiercest in winter ... 00’
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FirE (conlinued) PAGE PAGE
ﬁircestnut of doors 51 | Frame of a candle .... 76
flameof oinne 46 described .. csae  TT
gas generated by .. 87 blown out easily 79
grotesque figuresin 42 by O e e
et of cuvoseveas 289 hollow: sisian oane R
,, how increased 50, 64 HOTE s s e o Sl
|2 A iee s 39 hottest above .. 80
intensity, cause of 64 lmgniunus W
kindled at the bottom 44 pointede oty 70
lighted with paper 42 purple ........ 179
7 wood 42 smokes ...... O3
light dazzles .... 383 yellow Goannian 40
light variable .... 49 | Flanpel warm ........ 181
luminous ........ 47 on foot-warmers 179

melts metal «..... 129

mottled: s it il e 41
out of doors .... 4l
poker draws up .. 93
radiates heat ,... 203
YRALROL & St 39
reflected on glass .. 390 |

two or three times 396

spotted Wi s 4l
sun dullsit ...... 80
thaw dalla it ..... 52
wind intenses it .. a2
¥ellow .. sicwisses 41

(See chimneys, combustion. )

Fing-irons cold .. 179, 193
T et Bt 1111
T RO D 259

,,» ost in winter 259
», prevented .. 239
Fisaes ascend ...... 379
5o cold Dblooded 98
N diver e 380
,, seemnearer.. 405
Bxed BID oo sse sswiins 286

FrasH (see lightning.)

FLAT beer, &C. ccsese 286
ITO0E " Liitdena DD
sounds eieese.. 429

Flavour discerned ... 441

Flax burns spontaneously 58
Flint and steel strike fire 100
Flocks in storms ...... 19
FLowiNG WATER pure . 304
freezes slowly .. 370

makes rough ice 371
oscillates ...... 363
FrowEns, awnings for . 213
purify air .. 272

smell at night 158

“ before rain 158

forebode rain 157

|12 oy oL PR o 63
blacked 204
long good for draught 64

LR B B

short, bad o 64
(See chimney.)
Flutes; ¢ i, : . s naes
Fly poison salscies s . 439
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PAGE PAGE
Foam, white ........ 419 | Frosrt affects barometer 336
HOGE . yois sisistartens it 232 sar izonnd ... 428
arrest sound .... 429 DEACER oo aimie L e 153
eauseiof ot 131 breaks ewers ...... 306
differ from clond 130, 234 ys titles, stones, rocks 367
mist .. 233 WRIDES Gy as EE 368
dispersed by wind . 235 s cracks earth .... 374
by sun.. 233 = mortar .... 374
frozen .. 0 et 237 expands water...... 3060
in autnmn  ...... 244 on windows ........ 221
increase distance.. 155 prevents fog ...... 234
in marshes ...... 232 stops work ..... «ee 87D
invalleys sl sienn 230 warmer than thaw .. 873
maguify ........ 155 | FrRoTd of beer .... 112, 278
none in a frosty night 234 sy fermentation , 286
Foop converted to blood 247 white o Rt 419
cooled by the breath 329 | Frozen water warm .. 371
want of causes dirt 96 ruts and foot prints 3C7
hunger .... 92 | Fruirs cool the blood . 95
ill ventilation 97 fall to the earth .. 436
laziness .... 92 pleasantin summer 05
Foot-prints frozen .... 867 | FuEL, dry burns well .. 45
Foot warmers ........ 179 elementsof .... 835
covered with flannel 180 for the body .. 89
highly polished .... 180 wet burns badly 45
Forked lightning ...... b | Eunlgurites .., seeecse 308
Forks, tarnish of .... 262 | Fumigation for rooms . 438 |
remedy 260 | Funnel (sce flues) .... 631
ForesTs catch fire .... 104 | Fun, bad conductor .. 172!
cold sssanacis 107 for clothing .. .. .. 1821
Foster, Lientenant .... 430 WATTIL, o sns s osieaaldigty
France grows warmer .. 108 | Fur~naces, brick for .. 1811
FREEZING MIXTURES., 377 fires fierce ..... 61!
Friction (see rubbing) 102 ypo TOAL delsian iy
excites electricity 29 not with door open 62!
sets forests on fire 104 lined with elay.. 181!
Frogs cold blooded .. 98 | Furr of kettles ...... 2064

cronk before rain 154 steam-engines .. 265}
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pacE | GLASSES (confinued)  PAGE

Furr of kettles dangerous 265 covered with mist if
removed 205 from a cellar .... 222
Galleryhot «...v0ev.. 333 diminishing .... 3899
GARMENTS wWarm,..... 199 dulled Ly a hot hand 221
coldiisisiesiesia 190 s breadth, &e. 222
Gas azote...... it 88 magnifying ........ 399
carbonie acid ,... 206 mist of subsides .... 222
carburetted bhyd. .. 293 (See Spectacles.)
gofll . vt e 294 Teflect. «iiisisitesisae S0
differs from liquid 245 ground, opaque .... 421
elastic stk nas 249 musical .....000 .. 428
expands from leat 113 | Glauber salts ........ 488
Dytlrogenis. s 36 | GLovEes, black kid warm 186
inflammable .... 75 ., Lisle thread cool 196
invisible scveasee 255 | Glow worms glisten .. 383
jebiolf capiieesi o S HEGLOTERT o Se i soate aiser ot
DILTOZEN "% v s 38 ferments .... 283
of candleg ...... 2904 | Gop's wispom shown in—
e s aiatiae e Ny BY air a bad radiator .. 184
OXYEEN. | s oiseiarataga 37 y» the cirenlation of .. 317
phosphuretted hyd. 297 animal life ..,..... 3561
sulphuretted hyd. ., 284 beasts, fur of ...... 183
permanent ...... 114 birds, down of .... 183
GAUZE wire lamps ,... 295 1 [ R SR 217
prevents explosion 295 earth eracked by frost 374
Geese noisy before rain 155 sy hardened by sun 169
GERMAN silver tarnishes 262 ice lighter than water 369
tinder ... ..o 105 metals bad radiators . 217
Germany grows warmer 168 November rains .... 825
Germination ....... . 324 the froth of saliva .. 442
Bhosts .., wiuinie b aige, GUO vegetable life ...... 367
Gideon's miracle ...... 218 ,» radiation .. 215
Gimlets hot from use .. 104 wood a bad radiator 217
GINGER pOpP .... ... 277 | GoLD best of conductors 172
(O A 278 never tarnishes .. 262

Grassks broken by heat 127 | Goodness (See God’s.)

i on a hob 128 | Grab Hawoody ...... 268
covered with mist .. 222 ! GRAFE sugar

..... ees 278
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GRAPE (continued)
juice needs no yeast .
;s ferments ....
5, mks. aleohol ..
s s carbe. acid
Grapes never ferment . .
Graphite. ..., ... “eess
GRrass promotes cold ..
i dew ..

Grate (see stoves)

Gravel collects no dew .
hoar frost
CRBRVICY el sisinn s .0isins .
GRrAY morning good sign
evening, sign of wet
GrEASE liked in cold ..
loathed in heat
prevents rust ..
used for wheels
GREEN colour ........
accidental....
wood does not burn

i~ snap
Gross eating unhealthy
Grottoes echo ..... s

Grotto del Cane ......
GroUND covrd. with dew
Erosti e isle
Growth by moonlight ..
Guinea fowls squall ..
GuLrrs fly to land ....
o {DSER » sisiaieia
Gunpowder explodes ..
Gusty weather makes a
smoky honse

H-&IL * @ & & § & & 8 = ® & 8 & @
YT E ) [ o S
falls in summer ....

INDEX.
PAGE PAGE
284 | Hail, thunder accompns. 352

278
279
279
285
205
168
216

216
197
430
145
146

02

95
159

102 |

420
423
111
110

90

4383 |

270
210
234
226
155
160
161
108

70

352
353

352 |

Harr bad conductor .. 172
covered with dew.. 224
WATI < /e e biss 182, 183

Halls famous for echoes 433

Halo round the moon.. 150

HawpLrLES, wooden .... 173

metal...... 173

Handkerchiefs ...... 191

Harp work gives hunger 90
boiled eggs ...... 285
water bad for washg. 360
calige ol 4 el ot 360
pleasanttodrink .. 201

Flaptshorn <. .. .. eataeataoin

Hat covered with dew.. 224

turned red by the sea 361

Hawks see near and far 410

Hay:heats ...... Cataien. oy
heating prevented . 59
stacks ignite .... 59

Haze round the sun .. 149

. moon .. 150

affects sound .. 430

Head aches in a crowd. 208
HEARTH-TUg Warm .... 176
-stone cold.... 173

o DO s candiil

HEAD s s s 1
absorbed. ... )
and lights. . e s
affects barometer.. 339

y sound .... 429
G TR S ey
animal .. 85, 249, 289
applied low ...... 239
arrests sound .... 430
CANSeIOE e siee s . 20U




INDEX.

HeaT (conlinned) PAGE
communication of 171
conduction of ,... 171
effects of 2, 106
evolved TR

» by compression 105 |
expands air ...... 107 |
expands water.... 370
from beaten iron.. 98

»y Exercise .... 98
increased by heaps 58
LATENT ...s00s 85,99

of candles ...... 76
dunghills ....... 290
fiTe: . on s . 289
| (1] ol P el WO
human body 87, 289
Jime: e a2 g

radiated .. ... 202

rarefies air ...... 300

reflection of .... 199

sensation of,, .... 1
sources of.... 2 to 106
work promotes 90
Heating by Arnott's stove204
steam

Heavy bread .+ 289
Hemp, fires spontaneously5S
Herds in a storm
HEepeEs increase warmth 167
retain frost .... 237
Hivvs affect winds.
larger in a fog.... 155
seem more distant 155
Hindostan, jungles of . ,
IETOAR PROST . iuaisas s
near edges ..oe. ..

L

not found on trees 237 |

»» under shrubs, &e.237

s 204 |
19 |
o 405

270 |
235 |
237 |

465

Hoar FrRoST (eontinued) pace

of frozen fog .... 237

on clear nights only 235

i Blass Wonaoae 236

., tombstones .... 197

very partial ...... 236

| HONEY-DEW:  csoionssnss 220

! ants fond ﬂf .. 218

effectiofl . viiee 228

injures plants .. 227

Hoops put ou red hot.. 125

Horizontal sun & moon 395

why oval .. 395

Horses strike fire .... 101

snuff up air ..., 158

uneasy in rain.. 154

Hor night oppressive .. 150

water sheturaisis TS

v melts sugar.. 363

weather enervating 96

s, abates appetite 95

sy good for fruit 95

»» not for grease 95

| Hottest place at church 333
| Housgs—

spontaneounsly ignite

| distant in fog ..,....

|

57
155
gather damp ...... 223
smoke in valleys . 67
| Hull of ships seen last 402
| HONGER: ... v0.t..90 to 94

allayed by food ... 39
promoted by cold... 93
» daylight.... 901

rapid digestion 94

| »  TUNDING e OL

» Singing .... 91
1 1 speaking A |
| work siias 9l

{See appetile.)
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PAGE | TroN (continued) PAGE
HYDROGEN g&F +evs.. 30 R e e 258

of fuel.... 246

JOR it ssseeen 306
contains heat ...... 34
dissolved by acids .. 373

3 friction .. 104

53 gRlt:s s os.. 343

. HOn e 125

grows thicker ..., 370

lighter than water 360
made in hot vessels 377

net work .. oeo.. 867
Ice-bergs echo.......... 433
IGNIS FATUUS...... s 208
cause of 298

Illness from over-eating 90
Impure water purified . 73
Incandescent carbon . 78
Indians strike fire .... 102
Inflammable air .. 75, 254
IxsEcTs in wet weather 159
luminons .... 299
Insensible perspiration . 220
Intermediate clouds ... 193
Irox affected by lightng. 31
bad absorber .... 193
beds safe in lightng. 21

cinders’ " . iiisaas 44
cold | i s 11O
contains latent heat 99
cooled by air .... 253
. conveetn. 253
T radiation 253

good conductor 172, 193
heated by blows .. 99
house safe in lightg. 15
matches ........ 100

,» Dot in dry weather 259

., prevented ...... 260
BcAles i a e 258
,, When common .. 259
SONDLONS . . sls wina 4206
BLOVES & oo et 181
Troning box sk sisaod 10K

IsLANDS temperate .... 328
subjeet to wind 327, 328

WX &% i ovinainie staaty
Jack o'Lantern ...... 298
January winds....... 317

Jarva, jungles of ...... 270
Jet vfiflame through bars 46
Judges VI. illustrated.. 218

July winds .....s se e L
Juice of lemons ...... 488
Jone - wind wte Sl . iy

Jungles of Hindostan,. 270

Kendal, rain of ...... 398

Keswick, rain of ...... 338

Keyhole, draught of .. 331
KETTLE—

boils over.. .. 118

,» quickly when sooty 194

slowly when clean 194

when new 194
- 8 & @ 2[}?

oW B F @

N

b;uck of black ..

bottom sooty ...... 207

,, cold when boilg. 207
Lary OF sone Soianitna s nRGH
holder: swedeinhons = ek
lid should be clean .. 206
s, HOt L el i cmn .y 208

not full after boiling. 118




INDEX.
KeTTLE (continued) PAGE | _
FUNS OVEls .« ao v ouis .. 118 | LEAvEs absorb carb. acid

,, throughthespout 118
Saturday's boils best 207

collect dew
exhale oxygen ,
green
in a pond......

" 8 8§

- o a ® @&

lgt grn. in spring

| pale in dk. places

promote cold ..
radiate heat .. ..
yellow in autnmn
LEMONS, juice of
salt of ..... vee

BT S e
steam of c.ocevsans 24 |
top bright ........ 206
Kid gloves, black .... 196
Killarney echo...... .o 43D
Kinpryng fires .... .. 42

damp «.¢ . 45 |
dEV: e i 45
stones unfit for 45

Ladies' fan ., ......ss 185 |
Lake Averno ..... e o 200
Lakeswhich never freeze 372
EAMPE . . w i ahia i AL 5]
Argand....ce0 84
safety .o.ovaes 295
BINOKE iaielbisisioise Ok
STHEE e alero:eio atrus ) LD
glasses ........ 83

(See candle.)

LARD aircold ¢ veveene 231 |

affects climate .. 305

cools before water 231
Laplanders clad in skin 190
Larvee .. shetetatess . 1O
LATENT HEAT v+ ... 83, 99
Laundress wets flat-iron 162
Lazingss—

caused by want of food 92 |
00

- heat....
LEap, bad conductor .. 172

LI

dolness of .... 2061
Pencils .seeesnes 205
tarnish of «..... 201

Leanness from starving 89

"

| Lip of kettle bright
]-tﬂt 8 §oa
i rattles

Light bread ..

colors cod0l .. ....
s bad radiators
LicgHT. L
a compound, .410,
cause of
contracts the eye..
‘ divided by a prism
from a fint ...
yy  COmpression
none in bent tubes
of candles
fire Siaials
houses, trees, &ec.
the sun  .ihas
2 rays cause darkns,
speed ol Si i
sudden, painful ..
Lighting fires ..., ...
LIGHTNING oo oo e aniare
affects iron and steel

y, telegraph
armour safe from

tttttttt

LRI
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PAGE
251
215
250
420
436
420
420
168
215
42(0)
488
488
207
208
119
288
194
204
380
417
381
395
410
1C0
105
403
77
47
381
881
421
381
382
42
3
g1
31
21
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LieHTNING (continued) pace

barks trees ...... =28
bed repels ....... 2l
bells attraet ...... 17

breaks off boughs 30
brooches attract .. 22
carpets repel .... 21

cause of flash .. .. G

churehes attract .. 14
clonds ..covvws A 4]
comes from eclouds 106

PP earth, 16

crowds attract .... 18

danger from .. 14 to 23
CONDUCTORS .... 23
s, copper best for 23
,» danger from . 24
,, how made .. 23
,, Dot attractive. 23
,y materials for ., 23
,, thickness of . 24
T AR e

»» Whynotcommon 24
different kinds .. 3
discharged by spires 5

1 trees .. 12

,, from clouds .. 15

sy 5 earth to clouds 16
elecirical ..iviccea O
flash, cause of .... 6

»» precedesthunder 11
flies about 25
flocks attract 19
followed by rain .. 10

B & W

- W W

o WiN R e L0
follows dry weather 28
not wet ...... 29

s {07 o ) L S b
fuses metal ,. .

27

INDEX.

LicHTNING (continued) pace

globalar o000,
herds attract ....
iron bedsteads safe
keys attract ......
kills animals ....
knocks down houses
s churches, &e.
magnetic
TMAIMS e a’sas e
mattresses repel ,.
metal conducts ..
odourinf S . N
passes down trees .
5y hro’ man .,
produces fulgurites
,, Ditric acid
purifies air ..
rare in winter
Tesinons ...h .. s
returning stroke ..
rings attract
safety from ......
scorches trees ....
sheet. .
gourceof c.. . ik,
speed of ..
straight
sulphurous smell of
summer
+ common in
theatres attract ..
trees attract......
s conduct....
turns beer sour ..
,» 10ilk soor ..

5y Dot old beer.

;s DOt porter ..
vitreons ........

L

LI B

LI A N I

LIS L B

LR B

6
19
21
22

7
24
25
dl

7
21
23
30
13
14
30
26
28
28
16
17
22
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LicHTNING (conlinued) PAGE

walls attract .... 10
watches attract .. 21
water attracts .... 14
wet repels.. ... 22
ZIg-ZAR cenevnse 4

(See danger, safely.)
Lilac steel rusts ...... 263
prevented .. 260
Lily white e a1
LimE and water 32
absorbs carbe. acid. 276
burned ......¢« 201
phosphate of .... 297
purifies bins. . 200, 439
G sewers 290, 434
slack 200)
quick or caustic .. 202
used by well-sinkers 267

------

----------

wash for rooms .. 439
L R e S 419
Lincoln, rainof ...... 358
LixE of incidence ,... 887
reflection 387

LinEN cleaned by water 362
cool wear 190

dried” . ees ey 053
Linseed oil boiling point 122
LIQUEFACTION ...... 129
QT IDE st el aieres 114
bad conductors 238
gooled: (slvaiaisiaie 240
heated. aeeat ; 239

not elastic .... 249

Lisle thread gloves.... 196

Liverpool, rain of .... 358

Lizards cold blooded.., 98
B ONDON FOG o v aiv st e 232
rain of . veeve. 358

————
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PAGE
Loxe flues G1
grass promotes cold 168
LOOKING GLASS ...... 980
a reflector ....... 986
reflects otir image. 388

,» whole person 389
LuciFeEr matches .... 208
ignite easily.. 298

* 8 ® 8 & 8 &8 @

Lunar caustic ....... 488
Lungs described ...... 250
Mackarel scales, &e. .. 140

Macintosh prevents cold 165
Maduess from starvation 59

Magnetie, lightning is... 21
Magnifying glasses.... 399
Magpies bode weather . 159
MalE T et e aise oo i
Malting ..o e s e 2Bl
MaN a swimmer,, ..... 879

fat swimns best. ... 879

no bigger than crow 399
Manchester, rain of .. 338
Manufactory chimneys . 04
Marble” icieisien s 208
MarcH, bushel of dust 323

comes in like a lion 323
goes ont like a lamb 323
dry good, wet bad 824

SO 11T a1 | - Ly

flowers undesirable 324

T R R L
WIDAS! ;o5 s e isisiatail NI

o b S . 823
Mares’ taila’ ...l dl
Marsh gas .. ..eassssns 1205

Masts of ships seen first403

LA L N LT 3?5
8 a

Max flowers ...
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FPAGE
May winds: ..anin e 317

MEAT covers ......... 209 |

y» Dot chased 210
liked incold ,... 93

- Mist (continued) PAGE |

loathed in heat .. 94 |

roasted by reflectors 20]
taint removed ,.... 439
tainted by moon .. 226
MECHANICAL ACTION .. 8
developes heat,... 2
MERcURY of barometer 835
boiling point of .. 122
DYIEIE So0s.sr kst 209
corcaye A1t e g
CONVEX 2 v v sivs 348

its rise & fall 337 to 348
rises from heat .. 127
tarnishes ........ 261
METAL collects no dew. 216
conductors ...... 172
feelscold .,.... 175

» hotter than wool 174

i.

| Mixing not combining . 25)

fused by fire ..... 129 |

» Dby lightning . 27

good conductor ., 172
handles burn .... 173

hot causes pain .. 185
reflectors’. J..c..... 200
teA=-DOI8L 5o ienme 205
MiLk long in cooling.. 241
soured by lightning 25
Mineral springs ...... 860
Miner's danger ...... 296
prevented 267

VBTEOE! * "ottt o 4Ga0
Miscellaneous ques. 436, 443
Misr arrests sound. ... 429
black s ot ot oo B0
cause of ,,...... 228

differs from eloud . 131

5 » deW. . 2281

o » Tog .. 23381
dispelled by sun 229,233 |
increases distance . 155
magnifies ...... 155}
on windows...... 219}
se€ems to rise ,.,. 2201
Willal & - S 1511

Money hot in a pocket . 1744
MONEOON, ...l ieria 3155
very powerful. 316}

very useful .. 316}

changes marked 316

MoNTHS driest ...... 346!}
wettest ...... 3467

Moox, distance and size 400)
halo round ..... . 150!
largest at horizon . 8953

(1) f D S e
reflected in water.. 394!
seems flat ...... 4011

» larger than stars 400)
Moonlight prom. growth 227!
taints meat . 226

MonwniNG breeze .... 326
BLRY,. paaivarere 1467

rainbow .... 146)

red .... 135, 145}
streaks,..... 136}

MORYAR, . .Li.oiaes. 2008
adhesive ...... 2921}
crumbles...... 874}
hardens ...... 295;

Motes in a sunbeam ... 252!
Mother Carey's Chickens 161!
Mould hardened by sun 160
MounTalNs cloudy .. 142!
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MouNTAINS (continued) PAGE
affect climate .... 305
narwindsie e oU8
e stoldeG o ks 202
collect rain ...... 3496
famous for echoes 453
height found by ba-
FOMEter «.co.e 335
impede respiration 256
noiseless ........ 432
Muriate of soda .... 488
Murky nights oppressive 151
MuyusicaL instruments.. 428

DARRIE v kel Seal 1 5 < 429
bellsi e 2T
fiddles T )
ATULAS 5o iies seic 228
HOLEL, Sreatiinmninns BN
it o nr e i .. 429
glasses...eveue.. 428
NOkRAN sk e A0
pianoforte ...... 428
sounds  .....,.. 426
treble e

Nails for matehes .... 100
Naves fitted on hot.... 120
NEAR s1GAT 405, 409
spectacles for .... 406
Negative electricity ,.... 16
Negroes, why black.... 108
with black eyes . 199

New kettles boil slowly. 194
NigHT air uniform .. 431
allays hunger .... 91

cold when fine.... 211
exhilarating...... 151
oppressive ..... . 191
produces cold .... 91

471

PAGE
Night, rainbow at .... 147

Nights warm, when clondy 21

NIMBUS CLOUDS...... 141
characterof...... 141
Nitrate of silver ...... 488

Nitric acid .... 26, 28, 488
produced by lightng. 26
NITROGEN &y:lvistisnn, 08
expired .... 249

of gir ..:e.0 246
Non-transparency .... 416
Noon, cause of ...... 306
Nortx wind cold .... 320
dry ssee: 320

east wind dry .. 322
Northern lights ...... 148
NOTES bassi. .ieiaean 429
flak i 420

BhAYDE %idiesie o o 429

treble ........ 429
November rainy ....,. 825

Ocean affects wind .... 309
CICtBY R e te1s eess 429

Odour of electricity .. 30
Office ceilings cloudy .. 71
O1L, elements of...... 75

linseed. boiling pt. 122
of turpentine .... 122
oftvitiiol oo sen . 488
paper transparent. 416
Orp people cold...... 97
far sighted .... 408

hold vbjects at a
distance .... 409

lose their power
of walking .. 442

spectacles for ,, 408
s a2
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PAGE | PAGE
One pot will not boil in | PAEER Damig 42
another .. 120 | not always 46, 54

how to make it . 121
Opticnerve ...oecv.0s 406
Orange colour, cause of 424
Ovens entered by men . 185
Out-of-door work pro-

duces hunger ....
Owws prowl at night .. 384
see in the dark .. 354

sleep all day .... 384
screech before rain 194
Oxalic acid
OxIDE of copper...... 261

iiiiiiiiii

TronRoe B .. 258
Tamd o0 o . 2061
platinum .. 263
potassium .. 204
BIIVEE" T 202
sodium.,.... 264
Oxidized ...... S 24
XY GREN eewesisess S e

exhaled by leaves 250
heats the blood 249
in the blood.... 2066
inhaled ...... 247
makes blood red 248

,, fuel burn 246
7 (of 0 | gl theram e rtald (1)

5 its use .. 245
supports combus-
0] 4 eyt oo et 1,

sustains life . 246
use of to tinder 101

OEOIERS S s e e, DU
Paleness i...cceiceee 248
Palmer's candles ., .... 82

92 |

488 |

extinguishers .... 8]
oiled, transparent . 416
puckers from wet . 396
used for kindling . 42
Papillee” "o St e ss 402
| 5018 ool D) e ey 0 e s e 423
plaster of .... 488
rainof ........ 358

- PARLoURSs smell of smoke

in summer
Partition walls to arrest

gond ki D
Pea soup fog ........ 232

Peacocks call up rain .. 155
Pear] divers deaf .... 192
Pencilscs i vei e s
Percussion ey, 78]
Perspiration ...... 92, 229
U S R e S L
Potrelar oo S e O

Petrifaction .. ....e... 861
Phosphate of lime .... 297
Phosphoric acid ...... &8
PHOSPHORUS ..o0s::0 297
how obtained ...... 207
burns under our nails 88
PHOSPHURETTED HYDRO-
GEN GAB e, s e 297
how obtained ....... 297

Piano-fortes ........ 428
Pickle tested «cee-0a.s 37T
PiE withacup ...... 123

full of juice ..... . 124

Pigs squeak before rain 155
Pimpernel forebodes rain 157

| Pipes broken by frost.. 308
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PAGE PAGE

EISTON % . s s o108 [ Bosts:charred s seviees o 74
PraxTs collect dew .. 215 | PoTATOES, green .... 421
forebode rain 157 yellow .. .. 420
grow by moonlight 227 | Potash, tartrate of .... 488
PrasTER of Paris .... 480 | PoTASSIUM.......... 2064

of stoves falis 1206
Plasterers cannot work
INETrest i s ees - 879
PrLATE warmer....1906, 200
PratisxumMm, good con-
ductor .. ..
its use
never tarnishes 263
Ploughing warms us .. 107
IPIOMBAGD vsviansses 200
prevents rust 260
Poison for flies . 439
PoxER draws up fire.. 03
hot against a stove 192
cold on a fender 179, 193
how to carry a hot 242
PUSEE T s aare el s
rusts of, prevented 260
Polar current ...... e ol
sonunds'.. i cesaes 230
Polish, use of ...+ v... 180
Polished metal teapots . 205
Ponds dried up ...... 108
Poor averse to cleanliness 96
ventilation 97

172

Inzy o L ciniee e I2
Poppies repel dew .... 230
Pores of wood........ 110
PoRTER, froth of . 298

set before a fire 112

staler’ .5 . .. 286
__ vats dangerous 274
Positive electricity .... 16

burns in water 264

Prick of the skin bleeds 83
Primrose yellow ...... 419
Prisms divide light .. 411
ProGxosTics of weather
from animals .. 154,
candles & lamps

ClOUAB oo s s waie

COTNS  siensoas
distant objects .

156
161
138
207
155

HOWEPS. celeeas 1DT
SO e aa oe 5s 159
magpies ...... 159
periumes ;... .. 158
railway smoke . 153
rainbow ...... 146
seagulls ,..... 160
EET ctiars e eaee 140
BINDKE s aieisiaios TS
BOUOAE s 153
sun-rise ...... 146

EUD-EEt aE @@ 1*3‘]
ProvErBs about—

146

Apnlr Lo saidere . a0
1 (o3 i £ et el S0 ES 140
ONBE & St iidaiiikien 332
Kettlen’, o s st avare 2T
TR N | e o e At 159
T v Rt e Sl 1
rainbows...... 146, 147
seripture . 145, 181, 350
SPYIR ss.0 0.0 00 sinsl sa BB
BOLY oiss s ainvimeistatsl A0

a3
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PRrovERBs (continued) vace | Ratx (continued) PAGH
weather .......... 330 dispels ecarbonic acid 276
WINAE e s s D08 drops of e e o 353

Psalms illustrated 181, 852 » vary in size . 374

Pump explained ...... 255 fertilizing.... 325, 355

handle cold .... 175 from passing clouds 374
well very deep.. 256 sudden change 844
water hard .... 360 heaviest in summer #58

»» sparkles.. 291 least at the poles . 359

Purple steel rusts .... 2060 less in snmmer .. 326
its rust prevented .. 260 most in winter 325, 358

PUTREFATION v vov. . 284 ,, Onmountains 356

not fermentation 283 near the equator.. 859
smell .... 284, 207 not salt ........ 304
on cabbages .... 230

Quadrupeds swim .... 379 GUT AR ARAT Rl

Quick lime absorbs car- rose leaves .... 230
bonic acid .... 276, 292 of Cambridge .... 358

QuUick-sILVER bright .. 262 Dublin = ¢e.... 358

conductor .. 178 England ,..... 358
extinguished . 442 Kendal ...... 358

Keswick +..... 358

RADIATION ......202, 254 Lincoln . ..clescon8
coals, iron .. 253 Liverpool .... 858
Radiators are absorbers 203 London ..... . 308
hoadiesssa -5 180 Munchester .... 838
RarLwAy engines .... 224 Paris .smisisiusspont
furtiofi s o =L JORG prognostics of .... 142
smoke foretellsrain 153 | from animals .. 154
water for . .. asies 200 bindg tc s e sieien 159
BTN 5 aieiee s sleiitatatete 1) candles and fires 155
affected by wind .. 854 clouds seeoess. 141
after lightning.... 10 COTDS ossseeas OO0
arrests sound .... 430 distant objects . 153
cause of .... 233, 813 flowers. ... 187
clouds bode .... 141 insests e doaseie 159
cools all .i....-. 166 railway smoke.. 153
differs from dew .. 233 rainbow ...... 106
diminishes density 355 sea gulls ...... 160
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Rarx (conlinued) pace | REFLECTORS (contind.) pace
gloyncaiin = bt 1146 not absorbers ..... 200
smoke ........ 198 polished metal .. 200
sounds ...... 193 should be clean ... 197
T Ly [y O . 16 5 brightisl.sntulieh
purifies air ..... 899 ,» not be painted 196
sudden change .. 844 | REFRACTION ........ 402
waTER fertilizing . 320 | Resinous electricity .. 1%
notEalts s snie. S04 [MRetinafin o, St e 406
smells offensive. 362 | Reverberation ...... 433
goft e csansvn. ob2 | ‘Rice for foodive. ..o BB
stagnant ...... 364 | Rings dangerous in
unpleasant .... 363 storms  .... 22
RAaINBOW ..... . 411, 412 | RiveERrs slow at sides .. 865
culours reversed 414 freeze unequally369,37 1
double ...... 413 , never at bottom 369
morning ...... 146 invert our image.. 390
nighth o - .. 147 not wholly frozen . 370
Rainy months ........ 898 oscillate ..... ... 365
parts of England 358 shallow, freeze .. 371
Rare air bad for sonnd . 432 seem shallow .... 404
Rattling of kettle lid .. 119 warm when frozen 371
Ravy of light bent .... 403 | Roast apples ........ 109
divided .. 410 v aBoTEe T 109
2 produce darkness 421 chesnnuts . ..... 107
Reading makes hunger. 91 | Roap dark from a light
RED colour s iatls oeieis 248 rOOmMg Bt an . et OB2
gansenofi st o 418 | Rocks collect no dew.. 217
TOSCIHs Teloiersletorsleliaie 418 broken by frost . 367
sky ............ 135 | Rotation of earih affects
sun-rise .... 1395, 144 therair e salas 307
san set ..... 143, 146 | Room cooled ....105, 333
RerLECTICN of HEAT .. 199 currents of air in . 303
in & mirror .... 388 ventilated ...... 333
in water ...... 889 vitiated by a crowd 268
REFLECTORS ....... 199 warmed by fire .. 243
help toroast .... 201 warmer than air .. 331
keep kitchen cool . 201 | Rosesred .......... 418
light colours .... 200 repel dew. ¢ .%o s «s 230
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PAGE PAGE

Rosneath, echo of .... 435 | St. Bride’s church de-
Ross Captain ........ 480 stroyed by lightning . 25
Rotation of earth .... 806 [ SaLT .....00....... 488
Rotting leaves cold .. 168 and snow cold 34, 874
Hubbing.. o oer o 102 y» bad for washing 861
handsto warm them 103 crackles in a fire ., 46
meltsiice .. .eiaans 104 dissolves ice .... 373
restores animation 103 dissolved by water 863
wood excites fire.. 102 » especially hot .. 363
See friction. flavours water .... 863
Ruddiness eosaine 248 of lemons ...... 488
Ruins famed for echoes 433 retards boiling .. 121
Rumford Count ...... 191 smelling ....... 480
Run~ine makes warmth 90 white: e 802
water freezes slowly . 370 water boils slowly 121
makes rough ice.. 371 y» bad for steamers 2064
oagillateg s, 365 sl o washing 361
PULE S s vves 364 1'Salts, Epsom ........ 488
Rush lights blown out . 80 | Sand dazzling..... vae 41T
BOBT. . xntiisissinnnriile 208 used for furnaces 181
prevented ...... 259 | Satarday's kettle .... 207
whenmost common 259 | SAUCEPAN best black.. 206
Rustics healthy ...... 271 | new boils slowly .. 206
Ruts frozen .c.o . oo e 867 lids should be clean 206
brighti.. o=~ +206
SAFETY IN A STORM rattle: «anion 119
abroad .. 20, 21, 22 | Saws hot from nuse.. .. 104
best to be wet .. 22 | Sawdust arrests sound . 431
in a carriage .. 20 | Scald cured.......... 1G3
ATMONT. i o» 21 | Sclerotic coat v....... 408
bed ........ 21 | Scripture illustrated .. 181
houses ...... 21 218, 350
iron beds .. 21  Scum of fermentation 281
near o tree .. 20  SEea affects climate.... 305
Safety lamp.......... 295 beach healthy eaxly 327

268
165

Sailors killed by carb.ac.
rarely catch cold
Saliva caan..

not at night 327

brackishi s o sosl. 364
breakers ,.....

.. 328
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SEa (contlinued) PAGE : PAGE
Dreems oo tiaene 327 | Shavings arrests sound 432
patse of -5l 237 | 'Bheenm. i v e dudaa iy A1

cold .... 327 | SHEEP bleat before rain 154

gives out heat.... 329 lie under hed .es 154
gl o se.. 108 periled by storm 19
less hot than land . 309 | Sheet lightning ..... ]
not heated by sun. 309 | Sheetswet .......... 164
rarely frozen .... 872 | Shilling and basin .... 402

- gives ﬂﬂld+ s 20O hining e e = 417
e S b 364 | Sairs contain carb. acid 268
BDEAY - siistaisisvess 8O0 hull seen first .. 402
HABE S e e 5w 330 out at sea .... 402
vapour not salt .. 170 the Hawoody .. 268
water buoyant .. 377 | SHIRTS, cotton warm .. 190
WAYEH ol el 329 linen cold .... 190

,, Stationary .. 320 | SHoES cold when wet.. 164
,» 10 onward motion 329 hot when dusty . 201

WindBi o it nal 808" [ Sliot hob « oo Aisnaiis. 106
Sedentary men not hungry 92 | Shower cools air .... 166
Seeds germinate ...... 325 | Shutters dangerous .. 166
SEEING in a glass ..., 3806 | Sick rooms purified 43, 91

into a dark street . 390 | Sickness fr. over eating 90

5 light room ., 382 want of exere. 90

in small mirrors .. 389 | Sides of a pond littered 437

the same object .. 381 | SicaT effected by heat 382

when used to dark 383 far Aot ce s (s
SENSATION destroyed.. 441 cause of .... 408
of feeling .. 441 effect of .... 409

of taste...... 441 remedy .... 409
September winds..317, 318 DERE o eea e AT
Sewers purified by lime 290 cause of .... 407
Shade cool ......0... 189 effect of .... 4090
Suapow after looking at remedy .... 407

SUD .......... 424 | Silence prod. by sound 421

in water .... 389, 390 | SiLk, raw warm ...... 191
Jarger as the object spun ecool........ 101
approaches alight 397 | S1LvER good conductor 172
Shallow water freezes.. 371 meat covers...... 200
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STLVER (confinued) PAGE PAGE
should not bechased210) | SMOKE............ 41, 60
nitrate of ........ 480 ascends cemann 160
tarnishes ...... bl COpls S AT e . 61

Simmering ..... W es 20D falls in ot e, s <158

Simple clouds........ 137
Sixging of a kettle .. 116
produces hunger 01

Single magpie unlucky 159
Siritl: Davy oo W 1205
S1ZE, distance lessens . 399
of Slouda it 132

Skin, black never blisters 198
scorches .. 198

white blisters .... 198

SEELIns D o 146
claamat o oa s S D]
BYEY ) M ohiiis .o 145
OVercast ........ a2l
PAH otn s v o gt || 7

yallow 8o cah st o g5
Slaked lime, . 202
SLEEP elongates the body439
body feels not in . 441

dreams in ...... 441
ears hear not in ... 440
eyes see notin .. 440
mind wills not in . 441
tongue tastes notin 440
o Y] A SRR P S s 340
Slit chestnuts .....0e.. 109
Smelling salts........ 480

SMELLS in wet weather 157
bins and sewers 200
remedy 2490

207
284
438
433

L B

church yards ..
putrefying bodies
sick rooms .....

remedy ....

y» down a chimney 64

of fresh coals .... 41

scandles e 83

3 JAMPRATEEAET 84

remedy .... 85

sy Ted-hot coals .. 41

»» Steam engines . Ol

L1 T trials 153

F1ghi o e S £ a0

useful in cooking . 208

Smoky chimneys .... 62

See chimney.

Smoke-jacks ........ 113

Smouldering wicks.... 53

Snakes cold-blooded .. 98

DROWE Sl Ans iy 349

and salt cold ..806, 374

arrests sound .... 429

bad eonductor.... 850

causeof ........ 849

contains heat .... 34

falls in winter.... 3849

. not in summer 351

like wool ....181, 350

nourishes the earth 851

on mountains .... 4ol
soon melts beneath

a hedge or wall 214

use'of ¥ BR800
WATD: o tesisias DO
WhHIte! F5 e e e ates 391
SoaP = 3. fro v e 3ol
cleansing. ....... 362
].lﬂ.l'd, SDﬂ'- R 3“1
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Soar (continued) PAGE | SoUND (continued) PAGE
yellow ........ 361 prevented passing from

bubbles :....0.s 419 room to room .... 432

, ascend .... 369 two produce silence 421

,, change colour415 | Soup long cooling .... 241

Soapy water bubbles .. 365 cooled by air .... 204

Sopa, muriute of .... 488 [ Source of heat ...... 1

WALer «cueses ... 277 | Sourness, cause of .... 280

, 80id .eease 278 | SourH wind rainy 321, 337

BODIUB +.ccienos Rp— 1 WATI oseenais O20

decomposes water 264 -west wind rainy 322

SOFT s0ap .......+.s 801 | Sparks from a fire.... 110

water for washing 3062 5 Bt S 100

Soil affects climate .... 305

S I |- PR R - - wo 114
Soxorous things .... 420
bell metal ...... 427
COPPEL s e assasass 426
e ) 1 AN anrad 28
musical instruments4?28
BT ;. 2ars iatarmiais s o id0

inisummey aui st Jid
on ceilings ...... Tl
(Ser smoke.)

Sooty kettles ........ 193
SOTND, s s loyhalsisaliisvaisian S 20
affected by frost .. 430

s heat .. 430

akin to colonr ,... 413
arrested by mist .. 431

1 wet .. 429

diminished by rarity 432
heard best by night 431

- in a frost 430
through bent tubes 403
inaudible on hills 432
londest in dry air 153
velocity of ...... 426

MOSICAl ivisvaan 420

,» horse-shoe 101
SPECTACLES. ... .. cees 4008

affect the eyes .... 425
hlasle s sonl it o 42l
DlUer - avisiesissireieint b

clouded by a hot room 222

foraged «.euae soss 408
» near sights .... 407
SPeCciruM s co ssseaess 220

SepiniTs depressed .... 151

before a storm 257

cloudy night 150

dull weather 151

mountain air .... 2506

exhilarated .... 151

by clear nights 151

frosty air .. 154

spring .... 154

Split bells .......... 426

Sponge swells when wet 356
SPONTANEOUS COMBUS-

TioN &7, 58, 59

of forests.... 104

SpooxNs become dull .., 262

bent in water.. 404

stained by eggs 284
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PAGE

Spoons retard boiling.. 120
Speaking produceshunger 91
SPRAY, cause of ,..... 330
white .. 419

SPRING, best late .... 324
bracing ...... 154
cracks the earth 3874
verdure ...... 420
Spring water cool .... 189
o » sparkles.. 279
Springs prevent freezing 372
Spriukling to cool rooms 165
Squint eyes see double 3806
STAGNANT water ...... 304
full of worms 364

sonn freezes 370

STALE beer, &c. ...... 280
eggs offensive .. 285
STARS, distance of .... 400
CFl ) S TR R T . () )
invisible by day 385

gseems flat .. .... 401
ceenin a well.... 385

seen on mountains 394
twinkle . e o 421
STARVATION ..... s B0
produces dirtiness 96
laziness 92
leanness 80

»

n

3 madness 89

SEEAM ;4. 5ic siainisa . 12D, 359
G E o e it e tts 61
engines burst .... 242
invIsiblay ses . ..., ) )

of a kettle ...... 242

sy Jocomotive .. 224
why visible ...... 119
what becomes of it 120 |

PAGE
STEEL affected bylight-

R
and flint make a
spark .... 100
purple . ol . $260
TUES . i e b el 2060
prevented 260
Stick burnt makes a
circle of light .... 422
Stirring cools broth, &e. 254
Stockings difficult to
draw on when wet 857
StoNES broken by frost 367
e ) I 175
collect no dew.. 216
snap in tire .... 110
unfit for fuel .. 45
DMORME: §1c o e Al U
depress the spirits 257
distance of, told.. 9,11
follow dry weather 28
places of dangerin 12
3 safety in 20
prevail in summer
and autumn .. 28
rare in wet weather 29
(See danger, safely )
STovESs crack lighted.. 126
cooling. . 120
oL Drieks oo i B
oD &t e 81
on & floor .... 53, 243
] e O e S 1]
»» Mmost in winter 259
»» Dotoften.... 259
» prevented.... 260
settings fall away 126
warm aroom ,.., 243
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PAGE | SUMMER— PAGE

Srratus clouds ...... 138 allays hunger .... Y6
how produced .. 139 clothes for ...... 194

StrAW putover bricks.. 879
. ITEES ...
STREETs dark fr. aroom 482
seem to meet .. 398
watered 165
Striking iron makesheat 99
Struggling in  water
dangerons .... 978
Stucco peels off in frost 375
Sublimates ....... ... 488
Sublimation.... ... 188
Sudden light painful .. 382
SuGAR s e S
anhvdrous 280
at top of tea melts 438
elementsof ...... 279
ferments «..o00. . 279
flavoars water .... 3063
left at the bottom of
acupmelts slowly 438
makes aleohol.... 280
,, carbonic acid 280
melied by water .. 863
,, especiallybot 363
of Tantdl = orere ... 488
retards boiling.... 121
stirred melts quickly 438
white ..... R T
SurLPHATE of lime. . 360, 458
magnesia . 483
soda .... 488
gine .... 488
Sulphuric acid........ 488

lllll & & &

,, and water 32
Sulphuretted hydrogen 284

376 |
water pipes 370 |

makes grease odions 94
,, fruit pleasant 95
lightning ........ 11
Sun-beams full of motes 255
Sun affects eyes ...... 424
AZZIE8,. - s vie e ss DOD
dulls fire n0
hardens earth 1G9
largest at horizon 849
not seen in a well 392
o ) e e S 395
radiates heat ... 202
reflected in water.. 393
seemas flat ...... 401
source of heat.... 2
Sun-rise breezy 326
red, cause of 135, 144
,, sign of wet 146
Son-set graAy .- - 146
TE0 i aaps.nis 135, 144
,s forebodes fine 143
yellow ...... 143
,, forebodes wet 144
Super-acetate of lead .. 488
Sur Raja of Bengal.... 209
Suspended animation
restored
Swallows fly low......
Swan dry in water ....
Sweet-wort needs yeast
Swimers sink
Swimming

iiiiiiii

103
159
230
283
378
379

in the sea .. 3877
Syphon explained .... 250
Syrup, boiling point of 122
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PAGE PAGE
qiablessalt . o.iiiaaan 488 | Temperature from trees 167

TAINTED meat cured 72,439

: s in moonlight 2206

water purified 73

ATTOW, oo\ it aivisis 7D

wicks, why of cotton 83

why not like wax wicks 83
(See candles,)

BARNIBH: <os viore o e o |
of copper.. ... 261
German silver 262

e Rl e 2 01

Biliver . 262

ZAHO NS oS e 201

Tartar emetic ....... . 488
Tartrate of potash .... 488
Tarts have a cup inside 123
full of juice.... 124

L R e e 442
TEA cooled by blowing 180

»s by stirring 254

»» in a saucer 109
GREEN, deleterious 439

»» poison for flies 449
TEA-POT, black earth.. 205
preferred by some 205

set onn a hob ,. 205

bright metal.... 205

» tarnishes 262
TEA-sPooNs tarnished.. 261
» by eggs 284
Telescopes .. ........ 402
TEMPERATURE varies.. 304
from forests,... 167

S landa vra s 305

»» Wountains 305

A RS 1 )

P iy (SRR 305

TEMPEST ..., o0 W8L ./~ g
affects weather 344

(See storms.)
Thaumatrope ........ 423
invented by Dr. Paris 423
THaw affects barometer 338
cold & o X e 878
dulls fire ...... 52
Theatre dangerous.... 19

Thermometer ........ 334
differs from a
barometer 334

rises from heat 127
Thickclothing unhealthy 170
Thread gloves cool.... 196

why white 419
CHUNDER: coniasnna. I8
after lightning .. 11
bolts (see fulgurites) 11
deep'growl . ...... 0
distance of, told.. 9,11
effect on weather.. 344
followed by rain ., 10
33 wind .. 10
inaudible = Loigsl Y
irregular roar .,.. 8
one oraRh s TN s SR
rolling saie s lN]
(See danger, safety, storm.)
Thunderstorms,causeof 4
Tidesivsn s Sons 0 . 330
canseof ..oilon. 330
two daily ........ 830
TicER sprowl hy night 384
see in the dark 384
sleep all day .. 884

- om & ®

Tiles broken by frost,. 367
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PAGE PAGE

Timber charred ...... 74 | Trefoil forebodes rain . 157
Tin-blowers ........ 70 | Tremulous appearance

foot-warmers .... 179 after rain...... 156

» covered .... 180 | Tube of barometer .... 335

good conductor .. 172 | Tubs driednp ...... 168
meat covers, polishd.209) | Tumblers (see glusses).

plate warmer .... 196 | TwiLicaT, evening .. 130

yeflectorgicniinnt . 201 morning .. 136

tarnish of ...... 2061 | Twinkling of stars .... 421

See refleclors. TwWo eYeB: e s ... 989

Tinder blown .,...... 101 ,, See single .. 386

ToasT and water...... 73 » useof ¥ ool 188

dry for the sick .. 73 fires smoke ...... 06§

TombD stones frosted .. 197
TORGE TUSE . ohe e nine 260
prevented.. 2060

Tools hot from use.... 104
TRADE WINDS ...... 311
Atlantic: ... ..xe Sl4d
Indian ocean 314,816
Monsoons .... 815
North-east .... 311
Bacifio ot g w21y
South-east .... 311

Trailingsmokebodes rain 153
Transparency ........ 416
non transparency 410
TREBLE ........ 419, 429
its vibration . 429

TreEs barked by a flash 29
collect dew .... 211
covered with bass 8706
discharge lightning 12

look distantinfog 155

not frost-bitten . 236
promote warmth 167
purify air  .... 272

shade of, cool .. 189

» remedy .... 66

Unslit chesnuts ....eee.. 107
UsE of barvmeters .... 339
clouds .svisenea 142
smokein cooking 208
BHOW: " Saieatioaione Jal

VALLEY chimneys smoke 67
of death .. oviii 200D
VAPORIZATION . sivene 130
Varour a conductor .. 19
differsfrom gas 114

forms fog.... 234

o clomd: .. 234

of a carriage . 220

& I00M..... 219

sea not salt 170

Varnish to prevent rust 260
Vats fatal...., s 274
VEGETABLEs eat carb. ac.251
agreeable in summer 85
collect dew ....eeeeens ) L
cool the blood ......... 95

depend on animals ... 252
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PAGE
Vegetables exhale oxyg. 250
VeELocity of clouds ... 331
light ...... 381

lightning . 12

sound...... 434

thunder... 21

wind ..... . 831

WEDLDeg .- cicisisnnacsenns @00
VENTILATIOR .....s ceress D08
sought by rich...... a7

not by poor... 97

Verdigris .ocssosesssosesses 488
IWertical SUDGL .. srtistsss 300
Vestry chimneys smoke 60
Vinegar distilled......... 488

NIoLET bloe! iiiiicesess 418

colour, cause of 424
Violins musical ......... 428
Vitreous electricity ... 4, 16

ViTaioL, oil of ......... 488
white Jaiiieaics 488

WarLs to arrest sound 432

wet in winter ... 223

, in a thaw ... 223

Want connected with dirt 96

WarM clothes ... ..... 195

colours
some things more

than others ... 171

WarMTH from draining 167

ETRERI =51kl lOT

clearing forests 167

enltivation ... 167

Warming rooms ...eeeess 243

Wash-hand basin 177

WasHING, gocd for health 96
water Tor coieieseees 280
,» should not be hard360

INDEX.

PAGE

Watches dangerous in
lightning ..essssssivsaes
WV APRRS ims i . '
acidulated .........
Rreted cusssssnssnssas

and lime ....ceeveees

and sulphuric acid
ashes soften .....
bad conductor 178,
hollinp® i i

,y bubbles......

yy rattles

s TODS OVEr ..

it BEINERE U

yio BWELISNN TiS
carbonie acid of . . 291
cleans dirty linen 362
coldus it et sl

,, contains heat 33
converled to steam 129
cools slowly..... site 23l
decomposed 204
deep freezes slowly 372
dried up in summer 168
€lastiC cesssriossisese 249
expands by frost... 369

o heat ... 368
extinguishes fire55,111
5 not always 59, 4l
flat when boiled ... 288
flavoured by salt... 363

i sugar 363
flowing, pure 364
Aaids whicsiss v as ODY

for sick room 73
washing ...
freezes at surface .
unequally . 371
) |

21
359
276
277

52

32
362
240
239
1 by
119
118
116
117

......
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fresh, sparkles
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WATER (continued) PAGE
frOZeN cceriess soeees 300

ys by ether 376

,  evaporation 370

»  air-pump . 376

iiiiii

el ..o e, DD
fOrr of cecieeensensees 264
hﬂl"d R R AN B 360

agreeable to drink291
unfit for washing 300
heated .icssscvssssse 200
heavier than ice ,,, 366
hot, scalds .....e.. ., 183
how preserved cool 199
s 4 Dot 199, 200
increases fire ...e.. 09
inverts images...... 389
kept hot ...... 209, 24|
» cool.,....199, 208
melts sugar,salt,&ec. 363
especially hot 363
MINeral ...csessinss 360
mixed with salt ... 363
boils slower . 122
needful for fermentn.285
not heated above
bniling vecseseensss 240
not heated like land 309
oscillates 365
pump, agreeable .., 291
" DAr. cicesssad 360
sparkles ............ 291
purified siii.seees 73
purifies bins, &e. . 200
putrefies ............ 364
rain, not salt ...... 304
» smells offensly.303
., soft 302

reflects sun by a spot 393

485

WATER (continued) PAGE
rises in a pump ... 259
running, keeps pure 364

., freezes slowly 370

- 5 Tough 371

, oscillates ... 365
salt,bad for washing 3061
HORIIEL sssvisisssssnad 185
sea brackish ...... 364
,, seldom frozen . 371
shallow, freezes soon371
SIMMErS ceqrsseneeee 110
slackens flame ... 956
soapy, bubbles ... 365

201

362

362

201

189

372

3064

'EU [ LERLE N LN ELE RSN LRN)

s best for washing
softened by ashes .
sparkles ...... 279,
spring cool .........
5 Seldom freeze
stagnant ....eeeeeee.
,» full of worms 364
T R s S . 288
swells with boiling 117
toast and, use of,,., 73
warm when frozen 871
will not bubble with-
out SOAP .eees +os 305
(See rain, ice.)
WATER-PIPES burst by
frOSE | ievisseoss 368
covered with straw 3706
Watering plants by saucer436
YOOMS ..eveeens 165
BITeetS vuuveeses 105
wheels ......... 169
NNEAVES (%0 s s aia s aiss e sndehns 320
cause of brenkers . 329
530
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INDEX,
n PAGE . PAGE
VX - vessesssassacess D | YWHEELDSeatehifits ... .. 108

ceandles not snuffed 83

WEeaTtnER affected by

ICIMPEests . w s

weight of air ...

LA el e

prognosties of ..,

sy fr. animals 154,

clouds 138,

flowers ......

rainbow

BEY ‘eeesnssis

gun-rise

sun-set 143, 146

rules for ....c.ocuv.. 337
sudden change brings

3 0 e e 344

told by barvmeter . 334

Bt et eisitsons i)

WELL-siunkers use lime 267

SLArS Seen 1M seess. 892

sun not seen in .,. 452

West wind promotes dew 225

NIy eess 21

WET clothes give cold . 1064

,, safe in a storm 22

feet dangerous...... 164

finger culd ......... 163

indications of 145—149

kindlitig .i.ocvevise 48

night oppressive... 150

rat safe in lightning 22

PR 1G4

signs of ...... 145, 1406

summer brings cold 166

WAllR s taesas 220

543
854
336
140
155
141
157
146
116
146

weather painful 150, 154
Wettest months ......... 346

103
169
367
125
410
148
194
420)
194
419
170
419
194
1594
419
419
419
419
150
352
391
419
392
419
488

gressed " sia. g
kept cuol by water .
Wheel rnts frozen .,....
Wheelwright ...coieivees
WHITE
blisters ......
body linen .........
DONEE e 0 i
cloth cold s . e eane
clouds ........ S Tees
crust on clothes ...
colour, eause of ...
dresses for summer
y» not for winter
Ll iaie et
froth s e
by’ foiieistinsmmenis
I8 s iaicicvcs
TSt . 5issiesssscsssvans
BE L s assiien
BHOW, svhstsinesntuas
spray
sugar
threRtl ot aat
vitriol
Wicks cotton, snuffed . 83
not of wax-light 83
fas ol via-..ntiiel 204
long, have a nob... 82
not upright 82
Palmer's not snuffed 82
rekindled quickly 53, 56
EHIOKE: [oluoesossdesns DIk

See candles.
Will o’ the wisp ... ...e. 208
WIND 'Siiies s ciamisee BOD)
affects barometer... 337
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INDEX.

PAGE

= wclonds s 3L
after lichtning .... 10
altered by clouds .. 310
5 electricity 130
3 mouutains 508
i seas .... 309

” rotation of
earth .. 306

brings clouds.. ... 142
- QY ciatv st sisabin 022
5 TN e S e 322
canseof....%v..... 300
chimneys smoke from 70
chauges cloads 131, 134
vaili LB 156, 187, 320
dispels clonds 134, 143
= 10p- 00,5, 280
draws up fire ...... 52
dries linen........ 333
effects on air.... . . 801
ss 3 barometer 330
feels hot sometimes 187
generally cold 187
in Fogland ...... 317
increases clonds .. 134
near monntains.... 308
of a morning...... 3206
evening ...... 320
prevents dew ...... 214
TEEUIAL «ocevafoeee 310
NANIOR o0 aieeeivotaa S1IB
velocity of ......... 331
varies...... 305

See Fnqgland, monsoon, north,
soulh,west, &c., trade winds,

breeze, dc.

Winding passages echo

432 |

487
PAGE

Wixnows blaze with sun 390
N0t &t NOON .+ + s e e 331
draughbt of . 330
covered with frost 221

mist 219

220

4395

carriage dull
ratile .
Wine glasses (see glass)
Wine, fermentation of.. 249
made without yeast 285
sour, cause of .... 280
WistER clothing..182, 194
cold 166
promotes hunger 93
Wisnom or Gop
See God's goodness.
Woon ashes soften water 362
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DUTOS! (iieieiahalotstayie 42
,» Spoutaneously 50
charred o

hot at one end, cold
at the other.... 171
jenited by friction 102

kindling ...... 42, 43
= ary" =i 49
wet 47

"
mode incombustible 40

sends forth sparks 110

FNANS. e vielsiale s 108
will not melt .... 130
Wooden handles ...... 173
Woodpeckers ery before
PRI s e v 1]
Woor bad conduetor.. 172
collects no dew ... 216
WAL . aanies 1B2 G0l
WoorLLEN elothing ... 182
kettle holders 173
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PAGE PAGE
Work produces hunger 90 | Yerrow flame luminous 48
Wonnd brings blood .. 83 medinm tone .. 419
sky sign of rain 145
B AT Y T DD BOAP . .obssuns, 861
makes light bread 288 sun-set cause of 143
WOrL:in .. 283 s»» sign of wet 144

not used in wine,., 284
used in brewing .. 282 | Zig-zag lightning ..., B
YELLOW colour ...... 419 |Zixc'a conductor ... . 172
cause of.... 419, 424 | tarnish-of........ 281

GLOSSARY.

Aecetic Acid  called Distilled Vinegar® | Sulph. of Zinc called White Vitriol

Citric  ,, » dJuice of Lemonst | Nitrate of Potash Saltpetre
Nitrous ,, » Agua Fortis b Bilver » Lunar Caustic
Ozxalic ,, » Salt of Lemonst | Prussiate of Potash » Prussian Blue
Sulphuric,, »  Oil of Vitriol Tartrate of Potash ,, Rochelle salt
Sulph, of Alumina,, Alum Acetate of Copper w vVerdigris

s Lime »» [Flaster of Paris Muriate of Soda » Table Salt

» Aron w Green Copperas Oxide of Lead » Goulard

o Copper ,, Blue Vitriol Carb. of Ammonia ,, Smelling Salts

»  Magnesia,, Epsom Salts s . Lime s» Chlk. Marble &ec.

n  Soda ie G?au'ﬁ:er Salts Sup_acet. of Lead ,, Sugar of Lead

SUBLIMATES are chemical preparations, the basis of which is generally quick-
gilver. In comrposive subLIMATES, the quicksilver is extinguished, either by
vitriol, potter's clay, or some other ingredieut. Bensoic acid iz a sublimate
without quicksilver.

SUBLIMATION is & similar process to distillation ; only solids (such as metals)
are employed, instead of liguids.

N.B. It may be profitable to remind the pupil that when the termination
“ous” is used, it implies that the substance has less oxygen than when the

termination *ic” is added—thus sulphurous acid contains less oxygen than
eulphurie acid, &e.

* Distilled vinegar is an impure or diluted acetic acid.

t Citric acid is a rather crystalline substance, prepared from thaaluir:e of lemons,

1 Salt of lemons is really a bin-oxalite of potassa, a compound of two equiva-
lents of oxalic acid and une of potassa,
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