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Preface to the Gighteenth Edition.

—_— S T —

No science is more generally interesting than that which
explains the common phenomena of life. We see that salt
and snow are both white, a rose red, leaves green, and the
violet a deep purple; but how few persons ever ask the reason
why! We know that a flute produces a musical sound, and a
cracked bell a discordant one—that fire is hot, ice cold, and a
candle luminous—that water boils when subjected to heat, and
freezes from cold; but when a child 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 foolish 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 addition has
been submitted to the revision of gentlemen of acknowledged
reputation for scientific attainments. Sincere thanks are due
to the Rev. A. BAtn Powzr, M.A., F.C.S., of Norwich, and
to Rosert James MANN, M.D., for their very careful 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 105000 copies have been printed
since the year 1848, is an incontrovertible proof of its accept-
ability. 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 Simonsg, of Cromer, furnished some useful hints
for the second edition : and C. Lloyd, Esq., of Oswestry, Salop, a
Judicious revision of the fifth edition.

A remarkable instance came before the Anthor some time since
of the statement made in the early part of this preface. The con-
versation was about smoke—why it was black and not white, like
the fine dust of lime. A little child who was present, asked
“ Why is the kettle so black with smoke!” Her papa answered
¢ Because it has been on the fire;” ‘*But,” (urged the ehild)
¢ what is the good of its being black!"” The gentleman replied,
¢ Billy child—you ask very foolish questions—sit down and held
your tongue.” He might have read pp. 206, 207, 208, and answered
the child more discreetly,

e —
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PART Tk,

HEAT.

INTRODUCTION.,

Q. What ts AEAT ?

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

Q. How is this sensation produced ?

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

What 1s that “ subtile invisible stream”
2alled, which flows from the hotter substance ?
A. Caro'ric. Caloric, therefore, 13

the agent, which produces the sensation
of warmith.




2 HEAT.

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

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

Q. Whatare the principal EFFECTS of heat ?
~A.  Expansion, Liquefaction, Vapo-
rization, and Ignition.

——

CHAPTER I

Q. What is the great natural SOURCE of
heat ?

A. The Sun.

Q. Why do BURNING GLASSES set fire to
substances submitted to their power ?

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




ELECTRICITY. )

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

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 IL.

Q. Name a SECOND SOURCE of heuat, /
A. ELEcCTRICITY.

Q. How 1is ELECTRICITY most commonly
seen in NATURE P

A. As lightning.
Q. What is LIGHTNING ?
A. Lightning is accumulated electricity
discharged from the clouds.

Q. How many different kinds of lightning
are there ?

A. As there are two kinds of elec-
B 2
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4 ELECTRICITY.

tricity, so there are two kinds of light-
ning 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 LLEC-
TRIC 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.

W hat takes place when the two kinds of
electricity MEET P
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 accwmulates in the clouds ?

A. 1st—Ewvaporation from the earth s
surface ;

e, —
e ——




LIGHTNING. D

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

3rdly—Probably friction between cur-
rents of air of unequal temperature,
passing by each other.

Q. How H1GH are the LIGHINING CLOUDS
from the earth 7

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.

How do such objects as trees, steeples,

animals, & c., help the discharge of electrie clouds ?

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

Q. Why is lightning sometimes FORKED ?

A. Because the flash 1s divided by
certain terrestrial objects which it ap-
proaches.

Q. Why is the flash sometimes 71G-ZAG ?

A. Because lightning condenses the
v 3

i
i
i




)

) ELECTRICITY.

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

Q. When is the flash sTrRATGHT ?

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

Q. What s SHEET LIGHTNING ?

A. The light of a flash reflected 1n the
clouds, when the flash itself 1s concealed
from view.

What ororr form does lightning occa-
stonally assume ?

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

This brush discharge is what is ealled ‘¢ Castor and Pollux,” or
“ Elmos-fire.” Dr. Faraday says, it is a discharge between the air
and some conductor.

The cause of globular lightning is not known.

Q. Why does lightning produce a flash when
it passes through the AIR ¥




LIGHTNING. 7

A. Because the air, being a non-
conductor, cannot convey 1t 1n an invisible
form. :

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

A. No: electricity passes through all
conductors in a quiet and mvisible form.

Why does LIGHTNING sometlimes EKILL
men and beasts 7

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

Q. WHEN s a person struck dead by
lghtning ?

A. Only when his hody forms a part
of the quhmtngs path ; when the
electric flmd, (in 1its 1‘.:1,) tD the earth)
actually passes through his body.

Q. Why are animals sometimes HURT by
Lightning, and not killed ?

A. DBecause the amount of electric
fluid which passes through their bodies,

e
- ==




8 THUNDER.

1s enough to wmjure them, but not to

destroy life.
Q. What is THUNDER ?

A. The noise made by the concussion
of the air when it closes again, after 1t
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 somelimes ONE VAST
CRASH ?

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

Q. Why is the PEAL somefimes an IRREGU-
LAR broken ROAR 7

A. Because the lightning-cloud 1s a
long way off; and as some of the vibra-
tlnns of the air have further to travel than
others, they reach the ear at different
times, and produce a conttnuous sound.




THUNDER. 9

W hich vibrations will be SOONEST heard?
A. Those produced in the lowest por-
tions of the air.

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

A. Because the flash 1s almost n-
stantaneous ; but the sound takes a
whole second of time to travel 380 yards.

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

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

380 x 5 = 1900.

This illustration supposes the lightning to flash directly from the
eloud to the listener,

Q. Why s THUNDER sometimes like a deep
@RUWL ?

|
|
|
1

|
|
[.
!




10 THUNDER.

A. Because the storm is far distant
and the sound of the thunder is indistingt.

Q. How is the sound of thunder affected by
LOCAL curcumstances ?

A. The flatter the country, the more

unbroken the peal. Mountains serve to

break the peal, and make it harsh and
Irregular.
Q. What isthe cause of ROLLING THUNDER ?

A. The echoes of the peal rever-
berating amongst masses of cloud and
terrestrial ohjects.

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

A. Because 1t produces a change 1
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 1s given off in
heavy raimn.

Why is a flash of lightning generally
Jollowed by a cusT of WIND ?

A. Because the physical condition of

L




THUNDER-BOLTS. 11

the air is disturbed by the passage of the
lightning, and wind 1s the result of this

disturbance.

Q.  Why s there no 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 1t reaches the ear.

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

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

Why is thunder often several moments
AFTER the FLASH ?

A. Because 1t 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.

Why ean we tell the DISTANCE of a thun-
der cloud, by observing the interval which elapses
between the flash and the peal ?
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12 DANGER

A. Because the flash is instantancous ;
but thunder will take a whole second of
time to travel 380 yards; hence, if the
flash be five seconds before the thunder,
the cloud 1s 1900 yards off.

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

Q. What PLACES are most dangerous during
@ STORM ¢

A. It 1s very dangerous to be near a
tree, or lofty building; a river, or any
running water.

Q. Whyisit DANGEROUS fo be NEAR A TREE
or lofty building, during a thunder-storm ?

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

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

A. A lightning-cloud (floating over
a plain) may be 100 far off to be dis-




FROM LIGHTNING. 15

charged by it; but as a tree or spire
would shorten this distance, 1t 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 too far off to be discharged ;—but a tree or spire

50 yards high, would make the eloud 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, if the human fluids proved the
better conductor, it would pass through a
man standing near the tree, rather than
down the tree 1itself.

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 be- |
tween the bark axd wood of a tree ? l |
| |

|

A. DBecause 1t makes choice of the
G ! {l
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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. DBecause the fluids of the human |
i' body make a better conductor than the l‘
i skin ; therefore, lightning passes through
a man, and not down his skin.

I Q. Why is it DANGEROUS {0 be near water
I during a thunder-storm ?

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

Q. Why s it dangerous jfor a man to be
NEAR WATER, in a thunder-storm ?

A. Because the hewght 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.

-
e e e T R

Q. Why is it dangerous to remain in &
OHURCH-STELPLE, during a thunder-storm?
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FROM LIGHTNING. 1

A. Because the church steeple 1s a
tall object, and composed of impertect
conductors.

Q. Adre iron houses dangerous during a
storm ¢

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

Q. What »pArTS of a building should be

avoided during a thunder-storm ?

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

Such as the sfove with its column of ascendinyg smoke.

W hy has the stove no outlet of conductors
downwards ?

A. DBecause 1t stands upon stone,
and 1s embedded i1n bricks: both of
which are non-conducting substances.

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

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

o2




16 DANGER

Q. When does lightning pass ¥rRoM THE
EARTH fo 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, frrom the clouds to the earth ?

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

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

A. Generally the 7resinous, but occa-
sionally the vitreous.

Q. Why is VITREOUS electricity so called ?

A. Because 1t was first procured by
rubbing glass.

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

A. They are sometimes called posi-
tive and negative electricities.
So called by Dr. Franklin and his disciples.




FROM LIGHTNING. 7§

Q. Why were the terms “positive” and
“negative’’ employed to express conditions of
electricity ?

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

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

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

Q. Why s 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 1njure us.

Q.  Why would the lightning run through a
man touching a bell-handle 7

A. Because the human body 1s a
better conductor than the wall (between
the bell-handle and the floor); and as

b
cd




18 DANGER

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

W&y 18 ot da;rzgemus o BAR g SHUTTER

during a thunder-storm ?

A. Because the iron shutter-bar i1s an
excellent conductor ; and the electric fluid
might run from the bar through the person
touching it, and ijure him.

Why 1is i dangerous to be in a CROWD
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

2ndly—DBecause the wvapour arising
from a crowd wncreases the conducting
power of the air above.

. Why is a MASS of bodies a better con-
ductor than a single body ?

A. As each living body 1s a conductor
of electricity, a connected mass of people
would afford a readier passage for a
larger quantity of electricity, than a single

individual.




FROM LIGHTNING. 19

Q. Why is danger increased by the VAPOUR
which rises from a crowd ?

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

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

A. Because 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
danger than a smaller number ?

A. 1st—DBecause each sheep 1s a
conductor of lightning, and the conduect-
mg power of the flock 1s icreased by 1ts
numbers : and

Rudly—The wvapouwr arising from a
flock of sheep wncreases the conducting
power of the air above.

Q. Whyisa HERD of cattle in danger during

a storm ?

A. 1st—DBecause the number of Living
bodies increases the conducting power of
thew animal fluids : and




20 DANGER

2ndly—The vapour 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.

Why would ¢t be safe to stand 20 or 30
Jeet from some tall tree, in a thunder-storm ?

A. DBecause the lghtning would
always choose the tail tree as a con-
ductor ; and we should not be sufficiently
near the tree, for the lightning to diverge
from 1t to us.

Q. If a person be in @ CARRIAGE in @
thunder-storm, in what way can he travel most
BAFELY ?

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

A. DBecause the lightning (if 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 a MATTRESS, BED, 07 HEARTH-
RUG a security, *o a certain extent, against wnjury
from lLightning ?

A. Because they are all non-con-
ductors; and, as lightning always makes
choice of the best conductors, 1t would not
choose for its path such things as these.

Q. [Is an IRON BEDSTEAD dangerous in a
storm ?

A. No; foritis so good a conductor
that the electricity would pass down 1t mn
preference to the animal fluids.

Q. Is a man in METAL ARMOUR in danger
Jrom lightning ?

A. No; for the armour is so good a
conductor that the electricity would pass
along it in preference to the fluids of
the human body.
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Q.  Why do PIECES OF METAL, such as keys,
watches, rings and broockes, carr aed about the
person, increase the danger fram lightning 7

A. Because they offer strong induce-
ment to the electricity to take them in 1ts
path, but do not extend far enough to
conduct 1t to the earth.

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

A. To be wet: if a person be in any
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. Whyisat Erezfrfﬂr to be WET than dry "
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 wet rat by elec-
tricity artificially accumulated, although he could a dry one. Y

Q. What should a FEARFUL person do, in
order to be most SECURE in a storm ?

A. Draw his bedstead into the middle
of his room, commit himself to the care
of God, and g0 to bed; remembering
that our Lord has said, « The very hairs
of your head are all numbered.”
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N. B. No great tiﬂng:er needs really to be apprehended from light-
ning, if you avoid taking your position near tafl trees, spires, or
other elevated objects.

Q. What is @ LIGHTNING-CONDUCTOR ?

A. A metal rod fixed mn the earth,
running up the whole height of a buld-
ing, and rising in a point above 1t.

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

Q. What metal is the best for this purpose 7

A. Copper.

Q. Why is cOPPER better than iron ?

A. 1st—DBecause 1t 1s a better con-
ductor than iron, and therefore not so
easily fused by hghtning : and

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

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

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

Lead 1.—Iron Efj.—-?:inc 4. —Copper 12. Copper is, therefore, 5
umes better as a conductor of lightning than iron.

Q.  What s 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,
lbecause metal 1s a better conductor.
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. How FAR does the beneficial influence
of a lightning-corductor extend ?

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

. Why are not lightning-conductors more
gene&**aﬂy used ?

A. DBecause many accidents have
arisen from conductors of defective
construetion.

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

A. If the rod be broken by weather
or accident, the electric flmd (being
obstructed 1 1its path) may damage the
building.

Q. If the rod be unbroken, is any evil to be
apprehended from it 7

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 bulldmn* pY.

If copper be employed, the diameter of the rod should be half an
inch. An iron rod should be somewhat hicker,
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How does LIGITNING sometimes KNOCK
DOWN houses and churches ?

A. The steeple, or chimney 1s first
struck; the lightning then darts to the
iron bars and cramps, employed in the
building ; and (as 1t darts from bar to
bar) shatters the bricks and stones,
which oppose 1ts progress.

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

gA. The lightning first struck the
metal vane of the steeple, and ran down
the rod; 1t then darted to the iron
cramps, employed to support the build-
mg; and (as 1t flew from bar to Dbar)
smashed the stones which lay between.

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

. A. Because it always takes in its
‘course the best conductors; and will fly
 both right and left, in order to reach them.

Q. Why does 11anTNING turn milk sOUR?

A. Because 1t produces a disturbance

m the electrical condition of milk which
D
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causes the complex organic body to de-
compose, and consequently to turn sour.

Q. [Is NITR1C 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 m 58 specimens, cullected at
other times, no traces could be found. |

Q. What is mitric 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.

. Where do the oxygen and mitrogen come
from, 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 pmtmn of

these combine chemically.

What is the difference between chemical
union and mechanical admizture ?
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A. In achemical 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.

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

A. Because, if beer be mnew and
the process of fermentation incomplete,
lightning so accelerates the process, as
to turn the sugar into acetic acid before
1t has passed through the intermediate
state of al'cohol.

Q. Why is not oLD BEER and STRONG
PORTER made SOUR by lightning ?

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

Q. Why is METAL sometimes TFUSED by
Z@Fzﬁﬂiﬂg?
. A. Because the surface of the metal

18 too small to afford a path for the
- electric current.

Q.  Why does LIGHTNING PURIFY the AIR ?

A. For two reasons: 1st—DBecause
D 2
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the electric fluid produces nitric acid
n 1ts passage through the air; and

2ndly—DBecause the agitation of the
storm sturs u, the aur.

_The ““nitric acid” is produced by the combination of some por-
tions of the oxygen and nitrogen of the air.*

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

A. Nitric acid acts very powerfully in
destroying the exhalations, which arise from
putrid vegetable and animal matters.

Q. Why is LIGHTNING more common in
BUMMER and AUTUMN, than in spring and winter ?

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

. Why does a THUNDER-STORM generally
Jollow very dry weather ?

A. DBecause dry awr (being a non-
conductor) will not relieve the clouds of
their electricity ; so the fluid accumulates,
till the clouds are discharged 1n a storm.

®* The oxygen and nitrogen are not combined, but simply mized
in the ordinary air ; but lightning causes some portions of the mixed
el ments to combine,
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Q. Why does a THUNDER-STORM rarely
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 FRIC-
TION ?

A. Because friction disturbs the
equilibrium of the two fluids; which
remain no longer quiescent, but separate
from each other. -

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

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

Because 1t obstructed the course
of the electric fluid, in its way to the
earth; and when electricity is 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 ?

Because some obstruction 1s offer-

ed to the electric fluid in its passage down

the tree, and the bark is ripped off by the

mechanical violence of the resisted flash.
D3
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). Why are BouGHS of TREES broken off
by lightning ?

* Because the mechanical force of
lightning 1s very great; and, as the boughs
of a tree are imperfect conductors, they

will often be broken off by this force.

Why is an electric shock felt most at
the ELBOW-JOINT ?

A. DBecause the path of the fluid is
obstructed by the joint: The shock (felt
at the elbow) 1s caused by the flud

leaping from one bone to another.

Q. Is electricity accompanied with any
ODOUR ?

A. Yes; near a large electrical ma-
chine 1 good action, there i1s always a
peculiar odour, resembling sulphur and
phosphorus ; this odouris called ¢“ Ozoxg.”

Pronounce 0-zoXE, in two syllables.

Has this peculiar odowr, 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 con-
eentrated form, the odour is sunpaurovus; if in a dilufed form, it is
PHOSPHORIC.

. What are PUL' GURITES ?
A. Hollow tubes produced 1 sandy
soils by the action of lightning.
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. How does lightning produce fulqurites ?

A. When 1t enters the earth, 1t tuses

the flinty matter of the soil into a vitreous
(or glassy) substance, called a fulgurite.

How does lightning sometvmes affect the
character of IRON and STEEL ?

A. Bars of ron and steel are some-

times rendered magnetic by lightning.
Give an wnstance 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, 1s made
to point towards the south ; and that part
which ought to point south, 1s made to
pomnt towards the north.

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

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

Q. What is the third source of heat ?

A. CHEMICAL ACTION.

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

A. Many things, when their chemical
constitution 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 1s.gomng on.

Q.  Ezplain by illustration what you mean.

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

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

A. DBecause the water wmites with
the lime; and becoming solud, gives off
that heat, which was necessary to retain
1t 0 a flmd state.

N.B.—Heat is always evolved, when a fluid is converted into a
solid form. Heat is always absor bed, when a solid is changed into
8 liquid state.

Q. Where does the heat come from ?

A. It was in the water before; but
was in a latent state.
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Was there heat in the cold water and
lime, before they were miwed together ?
A. Yes. All bodies contain heat;
the coldest 1ce, as well as the hottest fire.
Q. [Is there HEAT even in ICE?
A. Yes; but it i1s latent (i.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 PLRCELIVE ¢ 7

A. Thus: if a pound of ice, 32
degrees of temperature, be melted over
a fire, although 140 degrees of heat
are absorbed by the process, yet the
temperature 1s mot increased in the
slightest degree.

The melted ice will still be 32 ° and not 172°.

Q.  What becomes of the 140° of heat which
went wnto the ice to melt it 7

A. They are hidden in the water ;
or stored up 1n a latent state.

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

A. The quantity varies in different
substances; but in water, as much as
1140° of heat may remain latent.
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Q. . Howcan 1140° of heat be added to water
without being perceptible to our feelings ?

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

2ndly—1000° more are secreted, when
water 18 converted into steam. Thus,
before ice 1s converted into steam, 1140°
of heat become latent.

Steam i= no hotter than boiling water, both are 212 degrees.
The 1000 degrees of heat referred to are all employed in holding
the steam in its vapoury or gaseous form, just as the 140 degrees of
heat absorbed by the melted ice were employed in holding the solid
ice in the liguid form.

Q. How can we be made to ¥ELL the heat of
ICE or SNOW ?

A. Into a pint of snow put half as
much salt ; then plunge your hands into
the liquid; and it will feel so intensely
cold, that the snow itself will seem warm
1n comparison to it.

Q. Is saur and sNow 7eally COLDER than
snow ?

A. Yes, many degrees; and by dip-
ping your h‘mds into the mixture first,

-and into snow afterwards, the snow will

seem to be comparatively warm.
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What 18 FIRE ?

A. Heat and light, produced by the
combustion of inflammable substances.
How 1is BEAT 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 CcHEMICAL ACTION fakes place in
combustion ?

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

oxygen of the awr.
W hat are the ELEMENTS of FUEL ?

A. Carbon, hydrogen, and oxygen,
together with certain mineral substances
found 1n the ashes.

Q. What are the TLEMENTS of atmospheric
AIR P

A. Oxygen and nitrogen, mized toge-
ther in the fullmvmrf pmpmtmu% —I‘om

oallons of mtmﬂen and one of oxygen
mll make 5 g.:ﬂlﬁns of common air.

Air contains emall quantities of carbonic acid gas and ammonia,
as al=o vapour of water,

. What is CARBON ?
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A. The solid part of fuel. Carbon
abounds 1n all animal bodies, earths,
and 1n some minerals.

Q. Mention some djfferent species of CARBON.

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

Q. Whatis HYDROGEN ?

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

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

Q. What are the characteristics of hydrogen

gas ?

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

ndly—It will burn 1immediately 1t 1s
1onited : and

3rdly—A lighted candle (immersed in
1t) will be 1115ta.11t1y extinguished.*

# Hydrogen gas may be made thus :—Put some pieces of zinc or
iron filings into a glass; pour over them a little sulphurie 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 Exrrosio~ will be made.

If the experiment be tried in a phial, which has a piece of tobacen-
pipe run through the cork, and nlq.,ht held for a few moments o
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 tew minutes.
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Q. What is oxyeeN ?

A. A gas, much heavier than hydro-
gen; 1t gives brilliancy to flame, and is
essential to animal life.*

Q.  What is NITROGEN P

A. An invisible gas, which is the
principal ingredient of common air: it

* Oxygen gas is much more troublesome to make than hydrogen.
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
through the water : these bubbles are oxygen gas.

These bubbles may be collected thus :—Fill a common bottle with
water : hold it inverted over the bubbles which rise through the pan,
but be sure the mouth of the bottle be held in the water. As the
bubbles rise into the bottle, the water will run out y and when all the
water has run out, the bottle is ful] 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 quickest 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, fur-
nished with a cork which has a bent tube thrust through it. Heat
've bottom of the flask Over a candle or lamp ; and when the mixture
is red hot, oxygen gas will be given off, N ote—the tube must be

ersed 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 g hammer ; the scales that Peel off, are
oxide of copper.)

Exr. 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
tlazzai.ng- sparks of light, i

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

{Eiurning sulphur emits a blye flame, when immersed in 0xXygen
Bils,
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abounds 1n animal substances : The fol-
lowing are its characteristics :
1. It will not burn;
R. It will not support combustion ; and
3. An animal cannot live in 1t.

Nearly 4 gallons out of every 5 of eommon air are nitrogen gas.*

i P I

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
Jast in the air which surrounds the fuel.

Q. What causes the combustion of the fuel ?

A. The hydrogen gas of the fuel
(being set free and excited by a match)
unites with the oxygen of the air, and
malkes a yellow flame; this flame heats the
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* Nitrogen gas may easily be obtained thus :—Put a piece of burn-
ing phosphorus on a’little stand in a plate of water: and cover a
bell-glass over it. (Be sure the edge of the glass stunds in thewater.)
In a few minutes the ozygen of the air will be taken up by the burn-
ing phosphorus; and the nitrogen‘alone will be left in the bell glass.

(N.B.—The white fume which will arise and be absorbed by the
water in this experiment, is phosphoric acid; 1.e., phosphorus com-
wined with oxygen of the air.)
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carbon of the fuel, which unites with more

oxygen, and produces carbonic acid gas.

The gas of the fuells carburetted hydrogen. The flame of pure
hydrogen is pale blue—of carburetted hydrogen yellow,

What s CARBONIC ACID GAS 7
A. Carbon (or charcoal) combimed

with oxygen gas.
Q. Why does FIRE produce HEAT ?

A. Because 1t lberates latent heat
from the air and fuel, by chemical action.

What CHEMICAL CHANGES in air and
Sfuel are produced by cOMBUSTION ?

A. 1st—Some of the oxygen of the
air, combining with the hydrogen of the
fuel, condenses mto 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 PIRE (after it has been long
burning) RED HOT ?

A. Because the whole surface of the
coals 1s so thoroughly heated, that every
part of 1t 1s undergoing a rapid union
with the oxygen of the air.

Q. In a BLAZING fire, why is the UPPER
surface of the COALS BLACK, and the LOWER
surface RED ?

E 2
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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 1s frequently red from its
union with oxygen, while the cold upper
surface remains black.

Q.  Which burns the more quickly, a BuazINGg
fire, or @ RED-HOT one ?

A. Fuelburnsquickestinablazing fire.

Why do BLAZING COALS BURN QUICKER
than red-hot ones ?

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

Q. Why do the coals of @ CLEAR BRIGHT
Jire burn out more slowly, than blazing coals ?

A. DBecause 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 sooT ?
A.  Unconsumed carbon of the fuel sep-
arated from the solid mass, and carried

i' up the chimney hy currents of hot air.
1 Q. What is SMOKE?
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A. Unconsumed volatile matters, sep-
arated 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. Because more carbon and volatile
matters are separated from the fuel than
can be reduced by combustion; and the
surplus flies off in smoke.

Q. Why is there so LITTLE SMOKE with a
RED-HOT fire 7

A. DBecause 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 hittle smoke,

- Q. Why are there DARK and BRIGHT spots
in a CLEAR cinder fire ?

A. Because the wntensity of the com-
bustion is greater in some parts of the fire,
than it is in others. '

Q.  Why is the intensity of combustion in a
common fire 80 UNEQUAL ?

A. Because air flies to the fire in
various and unequal currents.
LEJ
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Q.  Why do we see all sorts of GROTESQUE
FIGURES 2n hof COALS ?

A. Because the wntensity of combus-
tion 1s wnequal, owing to the gusty
manner 1n 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. DBecause 1t 1s of a more fragile
texture ; and, therefore, its component
parts are more easily heated.

. Why does wooD BURN more readily,
than coal ?

A. DBecause it s not so solid; and,
therefore, its elemental parts are more
easily separated, and made hot. —\

Q. When a FIRE is LIGHTED, why 18 PAPER
laid aé the BOTTOM, against the grate ?

A. Because paper (in consequence of
its fragile texture)very readily catches fire.

Q. Whyis wood laid on the top of the paper?

A. Because wood (being more sub-
stantial) burns longer than paper; and,
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therefore, affords a longer contact of
flame to heat the coals.
Q. Whywould not paper do WITHOUT wood ?
A. Because paper burns out so
rapidly, that it would not afford suflicient
contact of flame to heat the coals to
combustion.

Q.  Why will not wood do WITHOUT shavings,
straw, or paper ?

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

Why would not the paper do as well, if
placed on the toP» of the coals ?

A. Becauseevery blaze tends upwards ;
if, therefore, the paper were placed on the
top of the coals, its blaze would afford no
contact of flame to the fuel lymng below.

Q. Why should coaL be placed sArovE the
wood 7

A. DBecause otherwise, the flame from
the wood would not rise through the coal,
to heat 1t.

Q. Why is a fire KINDLED af the LOWEST
BAR of a grate?

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

Q. Why does coAL make such FXCELLENT
FUEL P

A. DBecauseit contains a large amount
of carbon and hydrogen gas, in a compact

and convenient form.

W hy will cinders become RED HOT more
quickly than coALs P

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

Q. Why will not I1RON CINDERS burn ?

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

Q. Why are oc1NDERS lighter than COALS P

A. Because they are full of little
holes or pores; from which gases, and
other volatile parts, have been driven
off by previous combustion.

Q. Why will not sTONES do jfor fuel, as well

as COALS?
A. Because they contain no elements

suitable for combustion: and generally

n—
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the substances of which they are com-
posed are already umited to oxygen.

Stones contain silex (i.e., silicon and oxygen); alumina (i.e.,
aluminum and oxygen) ; and lime (i.e., caleium and oxygen). Some

rocks contain sulphur, or a little carbon; in which case they burn
feebly.

Q. Why will not wet kindling light a fire ?

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

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

Q. Why does DRY wood burn better than
GREEN ?

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

2ndly—The pores of dry wood (being
 flled with air) supply the fire with oxygen.

Q. Why does SALT CRACKLE, when thrown
into a TIRE P I

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

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

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

Q. Whatis an al'kali ?

A. A substance which will neutralize
an acid.

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

alkali may be detected thus;—Vegetable blues will be turned green
by it; and turmeric paper will be turned brown by it.

Q. Why does a JET of FLAME somefimes
burst into the room through the BARS OF a.STOVE ?

A. Because the iron bars conduct
heat to the wnterior of some lump of coal ;
and 1ts volatile gas (bursting through
the weakest part) i1s kindled by the
glowing coals over which 1t passes.

Q. Doesthe TET of GAS ever escape unburnt ?

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
Slicker on the surface of hot cinders ?
A. Because the gas from the hot coals

at the bottom of the grate, mixing with
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the carbon of the coals above, produces
an 1inflammable gas (called carbonic
oxide), which burns with a blue flame.

Q. Why s 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.,

Q. What is L1GHT?

A. The unknown cause of wvisibilaty.
The most usual method of obtaning
artificial light 1s by combustion accom-
panied with flame,

The two theories of light most usually reccived are those of
Newton and Hu?*r;hn:-ns. According to Sir Isaac Newton, luminous
particles of an elastic imponderable fluid, called etlier, dart in all
directions from the surface of light-giving bodies like the sun.
Much the same as odour from a flower. According to Huyghens,
the aforesaid ether is merely a vekicle, or medium, of light, just as air
is a medium of sound. As a sonorous substance communicates its
vibrations to the atmosphere, and the atmosphere to the tympanum
of the ear, so atoms of matter, set in motion by heat, communicate
vibrations to the luminous ether, and the luminous ether, impinging
against the eye, produces there a sensation of light.

Snch are the theories of Newton and Huyghens, but it is highly
probable that ere long electricity or magnetism wiil be found to be

the cause of light, and that the notion of a luminous ether will be
wholly discarded,

Q. Does iUt always produce WEAT ?
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A. No; phosphorescent bodies, certain
anmimals, as glow-worms, also wood, meat,
and iish, in a state of putrefaction, produce
iight unaccompanied with any perceptible
1eat.

The same may be eaid of some chemical phenomena, as in
the combustion of the oxide of carbon and of chlorine.

Q. Does HEAT ALWAYS produce light ?
A. No; many substances, particularly
metals, may be greatly heated without
1! 1 {,.,_r =
producing light.

Heat is by no means always proportionate with the intensity
of light. For example: the flame of the bicarbonate of hydrogen
is more brilliant than that of pure hydrogen, but the heat pro-
duced from the latter is considerably greater than that which
proceeds from the former. The flame which produces the greatest
degree of heat is that which results from the ignition of one

volume of oxygen and two of hydrogen, nevertheless this flame
is scarcely visible in daylight.

Q. Why is @ YELLOW FLAME brighter than
@ RED-HOT COAL P

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

Q. Why is the 11GHT of a fire MORE IN-
TENSE sometimes than it 1s at others ?

A. The wntensity of fire-light depends
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upon the whiteness to which the carbon
iv reduced by combustion. If carbon
be white hot, its combustion s perfect,
and the llrrht intense; 1f not, the hght
is obscured by smoke. /ﬁ

Q. Why will not CINDERS BLAZE, as well as
FRESH coals 7 i
A. The flame of coals 1s 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.

Where does the carburetted hydrogen
gas of a blazing fire come from?
A. From the fuel, which 1s composed

of carbon and hydrogen ; these elements
separate from each other during the
process of combustion, and form into
new compounds. (See p. 85.)

Fuel which will not blaze (as coke, cinders, charcoal, &c), 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
¥ROSTY N1GHT, than upon any other ?

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

¥
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Rndly—Air condensed by the cold 1s
heavier ; in consequence of Whlch it falls
more qmcLly on the fire, to supply the
place of hot ascending air.

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

A. DBecause the volatile gases are more
quickly consumed ; and the solid carbon
1s plentifully supphml with ozxygen 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 1s colder 1n winter,
than 1t 1s 1In 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 oxygen 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
nourshment,

Q. Why does the sUN, shining on @ FIRE,
make it DULL, and often put it out ?

A. 1st— Because the air (being
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rarefied by the sunshine) flows more
slowly to the fire; and

Qndly—Tlle chemmal 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 interfeie with the
process of combustion.

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

A. Because the greater the contrast
between the external air, and that which
has been heated by the fire, the more rapid
will be the current of air towards that fire.

Q. Why does rarefied air aﬁm 'd less NOUR-
ISHMENT ?o the 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 @ FIRE burn more fiercely in
the OPEN AIR ?

A. Ist—DBecause the awr out-of-doors
1s more dense, than the air m-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. DBecause 1t has freer circulation;
F 2
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and, as soon as any portion has been
rarefied, 1t instantly escapes, and is sup-
phied by colder currents.

Q. Why does not a TIRE burn so freely in
a THAW, as tn @ FROST ¢

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

Q. Why does a ¥1vE burn very fiercely in
WINDY weather ?

A. Because the air is rapidly changed,

and affords plentiful nourishment to the
fire.

Jire up ?
A. DBecause it drives the air more rapid-

ly to the fire; and the plentiful supply of

oxygen soon makes i1t 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 miense, like a fire.?

A. Because the flame of a candle 1s

confined to a very small wick, from which
it 1s severed by the breath ; and (being
unsupported) must go out.

Why does & pair of BELLOWS get a
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. Whyis a SMOULDERING WICK sometimes
RE-KINDLED by blowing it ?

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

Q.  Why is not the red-hot wick kindled by
the ATR AROUND #f, without BLOWING ?

A. DBecause oxygen 1s 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 contains more oxygen, when it 1is
condensed by the cold.

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

A. For two reasons: 1st—DBecause
the poker concentrates the heat, and throws
1t on the fuel : and

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

Q.  Why are the grates of modern STOVES
Jixed near the ¥LOOR 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 fiwed
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. Ouwr TEET are very frequently CoLD,
when we sit close by a good fire: explain the
reason of this.

A. Because cold awr 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
Sire, it will NOT BLAZE, but cHAR. Why so?

A. Because the carbon of a clear fire,
being sufficiently hot to umte with the
oxygen of the air, produces carbonic acid
gas, which soon envelopes the paper laid
flat upon the cinders: but carbonie acid
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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 BLAZE tmmediately. Why so?

A. DBecause the carbonic acid 1s dissi-
pated, and the paper fanned to flame. X

Q. Why does WATER EXTINGUISH @& FIRE ?

A. 1st—DBecause 1t forms a coating
over the fuel, which keeps 1t from the
air : and '

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

Q. A LITTLE WATER makes a_fire FIERCER,
while @ TARGER quantity of water puts it OUT:
Lzplain how this is.

A. A hOttle water 1s readily converted
into steam, which increases the heat of a
fire; but water plentifully supplied is
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. DBecause water makes the mass
more solid, and the steam assists to heat
the coals into perfect combustion.




H6 CHEMICAT, ACTION.

Q. When a house is on fire, is too LITTLE
water worse than NONE ?

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

Q. When will water EXTINGUISH FIRE ?

A. When the supply is so rapid and
abundant, that the fire cannot convert
1t mnto steam.

Does not @ very LITTLE water SLACKEN
the heat of fire ?

A. Yes, till it 1s converted into steam ;
1t then 1ncreases the wntensity of fire.

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

A. DBecause 1t is already hot, and a
very little extra heat will throw it into

flame.
Q. Why does the EXTRA heat revive the flame ?

A. Because 1t again liberates the
hydrogen of the tallow, and 1gnites 1t.

Cannot WooD be made lo BLAZE without
actual contact with fire?

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

not touch firel?
A. Because the heat of fire drives
out the hydrogen gas of the wood; which
gas 1s inflamed by the fire. -

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

A. DBecause the heat of the burning
house sets at liberty the hydrogen gas of
the neighbouring wood-work; and this
gas 1s 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 earburetted) hydrogen.

Q. What is coxE ?

A. Coal freed from its volatile gases,
by the action of artificial heat.

Q. Why does ARNOTT'S STOVE sometimes
SMELL very strongly of SULPHUR ?

A. DBecause coke contains sulphur;
and whenever the draught is not rapid
enough to drive the sulphur up the flue,
1t 18 emitted mto the room.

Q. What is meant by SPONTANEOUS COM-
BUSTION ¢
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A. Combustion produced without the |
', application of flame.

| Q. Give an example of SPONTANEOUS COM-
| BUSTION.

| 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
1n large masses in a damp state or place.

Q. Why does this produce spontaneous
combustion ¢

A. Because the damp produces decay ;
and the great heat of the piled-up mass

‘makes the decaying goods ferment.
Q. How does this FERMENTATION produce
COMBUSTION ?

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

Q. Why is the HEAT 0f @ TARGE MASS of
goods GREATER than that of a smaller quantity ¢

| A. Because the heat produced cannot

N
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escape through the massive pile; 1t
therefore accumulates, and raises the
temperature of the heap.

W hy do HAY-STACKS somelimes CATCH
FIRE of themselves ?

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

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

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

Q. Is the HAY in a stack INIURED by
“HEATING,” 1f it does not CATCH FIRE ?

A. Yes; it 1s 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 mAY ?

A. Itmaybetaken down andre-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. Because the air of the room pass-
ing over the fire, becomes lighter for
being heated ; and (being thus made
lighter) ascends the chimney, carrying
the smoke with 1it.

Q. Why does I-{g‘kter heated air ascend in

a cfu:mn&y i
A. Because the heavier cold air in
the room presses 1t up.

. Q.  What determines the rapidity or strength
:J 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.

g
: Q. Why is the draught of a short flue more
slack than that of a long one?

|
f 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 it up the chimney.

If chimneys are too high, in comparison with the size of the fire,
the ascending air gets cold before it reaches the top: and the

draught is injured.
Q. Why do SMOKE and STEAM assume G
wreathy or curly form ¢
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.
. Why are there no blacks thrown from
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 soot can
take place.

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

Q. Why does a “ FURNACE-FIRE” DRAW up

more fiercely than an OPEN stove ? :
A. Because the air, which sup-
plies the fire, must pass through the
G
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Jurnace ; and, as it becomes exceedingly
heated, rushes up the chimney with great
violence.

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

A. Air rushing rapidly through the
crevices of the wron door, and up the
chamney flue.

Q. Why s the RoAR less if the furnace
DOOR be thrown OPEN ?

A. DBecause fresh air gets access to
the fire more easily ; and, as the air 1s
not so intensely heated, its motion 1s not
so violent.

Q. Why do some CHIMNEYS SMOKE ?

A. Because fresh air i1s not admitted
into the room so fast as it vs consumed by
the fire ; 1n consequence of which, a cur-
rent of air passes down the chimmey to
supply the defictency, driving the smoke
| along with it.

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

A. Leather and curtains round the

doors; sand-bags at the threshold and

St i o T
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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. Because 1t can get to the fire in
no other way, if the doors and windows
are all made awr-tight.

W hat is the best REMEDY in 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. DBecause 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 fire-side,
without the inconvenience of dlELllfThtb

and cold feet.

Q. Why is a COIMNEY raised so high above
the ROOT ?

A. That 1t may not smoke; as all
funnels do, which are too short.

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

A. That part of a chimney through

which the smoke passes.
| ¢ 2
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Q. Why does a CHIMNEY SMOKE, ¢f the
Junnel 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 wntensity of fire is always
In proportion to the quantity of oxygen
with which 1t 1s supplied.

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

A. Yes. The more quckly 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 MANUFAC-
TORIES made so very LONG P

A. Toincrease the intensity of the fire.

Another reason for this arrangement is to prevent the annoyance
caused by the smoke and unwholesome gases, when they escape too
near to inhabited dwellings.

Why is the INTENSITY of a fire in-
creased by LENGTHENING ¢ FLUE?

A. Becausethedraught being greater,
more fuel 1s consumed n the same time;
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and, of course, the wntensity of the heat
1s proportionally greater.
If a SHORT CHIMNEY cannot be length-
ened, what vs the best REMEDY to prevent smoking ?
A. To contract the opeming of the
chimney contiguous to the stove.

Q. Why will @ sMALLER OPENING. above
the stove, PREVENT a chimney's SMOKING ?

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

of the flue.

Q.  Why will @ RoOM SMOKE, if there be
TWO FIRES IN iT P

A. Because the fiercer fire 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 pro-
petly adjusted.

Q. Why will a chimney SMOKE, if there be a
Jire in TWO ROOMS communicating with each other?
A. Because (whenever the door be-
tween the two rooms 1s opened) air will

rush from the chimney of the inferior
G J
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fire to supply the other; and both rooms
will be filled with smoke.

Q. What is the best REMEDY in this case ?

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

Q. Why do VESTRY chimneys so often smoke?

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

W hat WINDS makevestry chimneyssmoke?

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

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

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

N.B. The steeple of a church is always due west, and the ofher
end of the church due east ; if, therefore, a west wind were to re-
bound, it would rebound to the west, (or away f* ew the chiwrchd
and not tvwards it.



SMOKY CHIMNEYS.—COWLS. 67

Q. Why does @ HOUSE in @ VALLEY very
often SMOKE ”

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

Q. What is the COMMON REMEDY wn both
these cases ?

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

its back to the wind.
Q. Why will not a cOWL always PREVENT
a chimney SMOKING P

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

Q. As a cowl is 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.

If a chimney-flue be carried up HIGHER
than the steeple or hill, why cannot the wind
enter it 7

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

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

chimney will often smoke.

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

A. DBecause (whenever the door is
opened) a current of air will blow obliquely
wnto the chimney-place, and drive the
smoke 1nto the room.

Q.  What REMEDY can be applied to this evil?

A. The door must be set opposite to
the chimney-place, or nearly so; and
then the draught from the door will blow
the smoke up the chimney, and not into
the room.

Q. Why will a cHIMNEY SMOKE if it needs
SWELPING ?

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

Q. Why will a CHIMNEY SMOKE if it be
OUT OF REPAIR ?

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

2ndly—Cold awr (oozing through the
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chinks) clills the awr in the chimneys, and
prevents 1ts ascent.
. Why will an ARNOTT’S STOVE SMOKE,
if the joints of the flue do not fit air-tight ?
A. Because cold awr (oozing through
the joints) chills the aiwr in the flue, and
prevents its ascent.

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

A. DBecause the opening is so wvery
large, that much of the air which goes
up the chimney, has never passed mnear
the fire; and this cold air (mixing with
the hot) so reduces its temperature, that
it ascends very slowly, and the draught
1s destroyed.

Q. Why does a chimmey SMOKE if the
DRAUGHT be SLACK?

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

Q. If the opening of a chimmey be m00
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 7fs SMOKING ?

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

Q. Why do almost all CHIMNEYS SMOKE n
GUSTY weather ?

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

Q. What is the use of @ 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—DBy diminishing the aperture
of the funnel, and thus preventing cold
air from entering the chimney to chill
the warm ascending air: and

ondly—By lengthening the flue, and
increasing the draught.

Q. Why do TIN-BLOWERS lelp 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 Whmh the fire is well
supplied with oxygen, and the draught
greatly increased. e

Q. Why does a BLOWER INCREASE the
DRAUGHT 7

A. Because 1t compels the air to pass
through the fire; and, being made much
hotter, it ascends the chimney more
rapidly.

W hy s a fire better supplied with oxygen
while the blower hangs before it ?

A. DBecause the draught is increased ;
and the faster the hot air flies up the
chimney, the faster will cold awr rush
towards the fire, to supply 1t with oxygen.

Q. Why does a parlour often SMELL dis-

 agreeably of SOOT in SUMMER TIME P

A. DBecause the air in the chimney
(being colder than the air in the parlour)

~descends nto the room, and leaves a
- disagreeable smell of soot behind.

Q- Why are the OEILINGS OF PUBLIC
OFFICES generally BLACK and filthy ?

A. DBecause 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 soOME parts of the ceiling
BLACKER and more filthy than others ?

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

Q. What ts CHARCOAL?

A. Wood which has been exposed to
a red heat, till 1t has been deprived of all
1ts gases and volatile parts.

Q. Why is @ CHARCOAL FIRE lhotter than a
wood fire ?

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

be.

Why does charcoal REMOVE the TAINT
of meat ?

A. DBecause it absorbs all putrescent
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effluvia, whether they arise from animal
or vegetable matter.

Why is WATER PURIFIED by being
?‘;?ﬁerﬁd through charcoal ?

A. Because charcoal absorbs the vm-
purtites 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 1t to a kind of charcoal ;
and charcoal (by absorbing animal and
vegetable 1mpurities) keeps the liquor
sweet and good.

Q. Why does a piece of BURNT BREAD make
vmpure water more fit to drink 7

A. Because the surface of the bread
fwhich has been reduced to charcoal by
being burnt) corrects the impurities of
the water, and makes 1t palatable.

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

A. Because the charcoal surface of
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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. Because charcoal undergoes no
change by exposure to air and water: in
consequence of which, timber will resist
weather much longer, after 1t has been
charred.

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

A. DBecause charred wood resists
decay, (which would otherwise affect the
part underground,) from the mousture of
the earth.

Q. What precaution is necessary in char-
ring posts 7

A. To continue the “charring” be-
yond the part buried m 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 01L, TALLOW, and WAX
composed ?

A. Principally of carbon and hydro-
gen gas. The solid part 1s carbon, the
volatile part 1s hydrogen gas.

Oxygen also, in small proportions, enters into the composition of
sune substances 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, &ec.

Q. What ts HYDROGEN GAS ?

A. One of the elements of water.
It burns so readily, that i1t used to be
called ¢ inflammable air.™

Common coal gas is a compound of carbon and hydrogen, called
‘“carburetted hydrogen.” See p. 293.

Q. A CANDLE BURNS when lighted — Explain
kow 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,

2




70 CHEMICAL ACTION. |

|
|
~ ‘ Q. How are vapour of water and carbonic
acid gas formed from the burning tallow or wax
| of @ candle ?

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

WHERE s the tallow or waz of @ candle
decomposed ?

{ A. In the wick. The melted tallow,
| or wax, rises up the wick by capillary §
't attraction, and is rapidly decomposed by
|

|

D S e ——

the heat of the flame.

“ Q. What is CAPILLARY ATTRACTION ?

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

¢ Capillary,” from the Latin word, *capillaris’® (like a hair);
- the tubes referred to are almost as fine and delicate as a hair.
I Water ascends through a lump of sugar, or piece of sponge, by
t capillary attraction. N.B. The smaller a tube, the lngher wil. a
' liquid be attracted iu it.

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

Q. How is TATENT HEAT liberated by the
flame of a candle ?
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A. When the elements of the tallow
- combine with the oxygen of the air, latent
| heat 1s liberated by the chemical changes.

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

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

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

'\ A. The flame consists of three cones :
| The anmer or hollow cone, in which no

combustion takes place ;—the wnterme-

drate cone or area of partial combustion,
- m which the hydrogen 1s chiefly con-
sumed ;—and the outer cone or area of
perfect combustion, in which the carbon

1s principally burned.

Q. Why does the 1NSIDE of the flame appear
IOLLOW ?

A. DBecause 1t 1s filled with nwvisible
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 is 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 illuminating power depends.

Q. Why, for the most part, is only the
hydrogen consumed n the intermediate cone ?

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

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

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

Why is the oUTER of less wlluminating
POWER than the INTERMEDIATE cone !
A. Because the tncandescent carbon,

which passes to the outer cone, 1S 1mme-
diately consumed by combining with the
oxygen of the air, to form carbonuc acid gas.

“ Incandescent,” that is, heated to whiteness.
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Q. Whyisthe rorToM of the flame purple ?

A. DBecause 1t contains very little
mcandescent carbon, on which the illu-
minating power of a candle depends.

Q. Why does the flame of a candle point

UPWARDS ?
A. Because 1t heats the swrrounding

awr, which (being hot) rapudly ascends,
carrying the flame upwards at the same

time.

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

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

“ Consumed,” that is, converted into vapour of water and car-
bonic acid gas,

Q. Why is the FLAME of a candle BLOWN
our by a puff of breath ?
Because 1t 1s severed from the wick,
and goes out for want of support.

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

A. DBecause a “watery vapour” is
made, by the combination of the hydrogen
of the tallew 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, chemieally
united.

Q. Why does the hand, held ABOVE a candle,
suffer more from heat, than when it is placed
BELOW the flame, or on ONE SIDE of it ?

A. DBecause the ascending heated air
comes in contact with the hand placed
above the flame; but when the hand is
placed below the flame or on one side, 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 ruys, but also

of the ascending current of Lot air.

Q. Why is a RUSH-LIGHT eatinguished more
quickly than a cotton-wick candle ?

A. DBecause 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 1s, therefore, smaller,
and more easily extinguished.

Q. Why is it more difficult to blow out a

OOTTON wick, than a rush-light?
A. Because porous cotton imbibesthe

melted fat, or wax, much more guickly.
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than hard rush: as 1t imbibes more fat,
it supplies the flame with a larger
volume of combustible gases; and, of
course, the light 1s with more difficulty
extinguished.

Why is @ GAS FLAME more easily extin-
quished, when the jet is very slightly turned on,
than when it 1is in full stream ?

A. Because there is less volume of
combustible gases m the small flame,
than 1n the full blaze.

Q. Why does an EXTINGUISHER put a can-
dle out ?

A. Because the airinthe extinguisher
1s soon exhausted of 1its oxygen by the
flame: and when there i1s no oxygen,
flame goes out.

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

A. Ist—DBecause the flame very soon
exhausts the oxygen contained in the
paper extingwisher: and

Qlldly—lhe flame invests the wnside of
the paper cxtinguisher with carbonic acid
gas, which prevents it from blazing.
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Q. Why is a LONG WIOK never upright ?
| A. Because 1t 1s bent by its own
| weight.

{ Q. A rLONG WIOK is covered with an EFFLO-

ra— -

RESCENCE at the top.— W hat does this arise from?

| A. Tlis 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 s not the END of a long wick
burnt off, as it hangs over the flame?

A. DBecause the length and thickness
of the unburnt wick so diminishes the
flame and checks combustion, that there 1s
not heat enough to consume the charred
particles.

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

A. DBecause the wick 1s divided into
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 outer cone of the flame it is
consumed, because the supply of oxygen is very plentiful there.
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Q. Why do common candles require to be
snuffed ?

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 composite candles never
gc‘guiﬁ*e snufling ?
s A. DBecause the wick 1s so platted
ag to bend into the outer cone, where 1t
1s completely consumed.

Q. Why is this plan not adopted in making
tallow candles 7

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

Q. Why are soME particles consumed, and
no{ OTHERS [
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A. DBecause the outer surface of the
flame prevents the access of air to the in-
terior parts, whence much of the carbon
passes off 1n smoke.

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

Q. Why do LAMPS SMOKE ?

A. Either because the wick s cut
unevenly, or else because 1t 1s twrned up
too high.

Q. Why does a LAMP SMOKE, when the
WICK 28 cuf UNEVENLY !

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

Q. Why does a LAMP SMOKE, when the
WICK 8 fwurned up too HIGH?

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

the flame.
Q. Why donot “ARGAND BURNERS’’ smoke?

A.  Because a current of air passes
through the middle of the flame ; in con-
sequence of which, the carbon of the
interior 18 consumed, as well as that n
the outer coating of the flame.
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Q. Why does a LAMP-GLASS DIMINISH the
SMOKE of a lamp ?

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

Qndl}r-—-It concentmtes and reflects the
heat of the flame: in consequence of
which, the combustion of the carbon is
more perfect, and very little escapes
unconsumed.

CHAPTER VI.

ANIMAL HEAT.

. What s the cause of ANIMAL HEAT P
A. Animal heat 1s produced by the
combustion of hydrogen and carbon n the
capillary vessels.
Q. What are CAPILLARY VESSELS ?
A. Vessels as small as hawrs running
all over the body ; they are called capillary

1
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from the Latin word “ capillaTis” (like a
hmr.)

Do these CAPILLARY VESSELS 7un 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 by a very slight
wound, these little vessels must run
through every part of the human frame.

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

A. The tood we eat 1s converted into
blood ; and blood contains both hydrogen
and carbon.

Q. How does COMBUSTION fake place in the
capillary vessels ?

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

Q. What becomes of this CARBONIC ACID
GAS, formed in the human blood 7

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

Q. What aas s generated in a 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 aas is generated by a lighted cAN-
DLE 0r LAMP ?

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

Q. Whatisthe cause of HEAT tn the ANIMAL

- system !

A. Ttisproduced by a species of slow
combustion in the body.

Q. Does the HEAT of the HUMAN BODY arise
from the SAME CAUSE as the heat of FIRE ?

A. Yes, 1t does. The carbon of the
blood combines with the oxygen of the air
imhaled, and produces carbonic acid gas.

Q. If animal heat is produced by coMBUS-

. TION, why does not the hwman body BURN UP
~ Gike a coal or candle ?

A. It actually does so. Every mus-
cle, nerve, and organ of the body, wastes
away hke a burming lamp ; and (being
reduced to air and ashes) 1s rejected from
the system as useless

13
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Q. If every bone, muscle, nerve, and organ
18 thus consumed by combustion, why is not the
body entirely CONSUMED ?

A. It would be so, unless the parts
destroyed were perpetually renewed : but
as a lamp will not go out, so long as it
15 supplied with fresh oil; mneither will
the body be consumed, so long as it is
supplied with sufficient food.

Q.  What is the principal difference between

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

A. In the human bedy, the combus-
tion 1s affected at a much lower tempera-
ture ; and carried on more slowly than
1n a lamp or fire.

The fire of one’s body is not hotter than from 90 fo 104 degrees.
This heat is, nevertheless, sufficient to burn some things. For

example, a little piece of phosphorus will ignite, if it gets by acci-
dent under the nail.

Q. Howis it that carbon can be made to burn
at so LOW a temperature in the hwman body ?

A. Because the carbon in the blood
is reduced to very manute particles, ready
to undergo a rapid change immediately
oxygen 1s supplied.

Q. When a man is STARVED, what parts of
the body qgo first ?
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A. First the fat, because it 1s the
' most combustible; afterwardsthe muscles ;
' and then the man dies, like a lamp
which 1s burnt out.

Q. Why does want of sufficient NOURISH-
MENT often produce MADNESS [

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

Q. Why does a man SHRINK, when STARVED P

A. DBecause 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 1t 1s not
supplied with fuel.

Q. What is the ¥UEL of the BODY ?

A. Food 1s the fuel of the body.
The carbon of the food, combining with
the oxygen of the air, evolves heat, in the
same way that a fire or candle does.

Q. Why is EVERY part of the BODY WARM ?
A. DBecause the capillary vessels run

through every part of the human body,
I3
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and the combustion of blood takes place
i the capillary vessels. (See p. 86.)

Q. Why does RUNNING make us warm ?

A. DBecause we mhale more air, and
cause the blood to pass more rapidly
through the lungs. Running acts upon
blood 1 the capillary vessels, as a pair
of bellows on a common fire.

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

A. Because more oxygen is introduced
into the body. In consequence of which,
the combustion of the blood 1s more rapid,
—the blood 1itself more heated,—and
every part of the body 1s made warmer.

Q. Why does HARD WORK produce HUNGER?

A. Because 1t produces quicker respi-
ration ; by which means, a larger amount
of oxygen 1s wntroduced into the lungs,
and the capillary combustion wncreased.
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 abun-
dant feeding make men Sat or ill 7
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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 i the system, which 1s
called discase.

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

A. Because they wncrease respiration ;
and, as more oxygen 1s introduced into
the lungs, our food-fuel 1s 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 oaygen i1s
introduced into the lungs, to consume

our food-fuel.

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

A. Ist—DBecause the night s gene-
rally colder than the day: and

ndly—DBecause we breathe more
slowly : In consequence of which, animal
combustion 1s retarded, and our bodies
are colder.
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Q. Why do we PERSPIRE, when very hot ?

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

Q. Why do persons feel 1LAZY and averse to
exercise,when they are HALF-STARVED 07 ILL-FED ?

A. DBecause desire for muscular action
ceases, when the body 1s not supplied with
nutritious food.

Q.  Why have persons, who follow HARD OTT-

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

A. Because hard bodily labour in the
open air causes much oxygen to be conveyed
into the lungs by wnspiration; the com-
bustion of the food 1s carried on quickly;
animal heat wncreased; and need for
nutritious food more quickly indicated
by craving hunger.

Q. Why have persons, who follow SEDEN-

TARY PURSUITS, less APPETITE than ploughmen
and masons ?

A. 1st—Because the air they inhale
is less pure, being deprived of some of its
oxygen: and
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2ndly—Their respiration 1s neither so
quick, mor so strong ; and, therefore, the
combustion of their food 1s carried on

more slowly.
Why do we like strong MEAT, and GREASY

| food, when the weather is very COLD ?

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) thau
any kind of food.

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

A. Because the body requires more

fuel in cold weather, to keep up the same

amount of animal heat ; and as we put
more coals on a fire on a cold day, to keep
our room warm, so we eat more food on
a cold day, to keep our body warm.

Q. Why does cold produee HUNGER 7

A. 1st—DBecause the air contains
more oxygen in cold weather ; and, there-
fore, fires burn more fiercely, and animal
combustion 1s more rapid : and

2ndly—As we are more actwe in cold
weather, our increased respiration acts
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like a pair of bellows on the capillary
| combustion.
il Q. Why does rapid DIGESTION produce a
|r craving APPETITE ?
| A. This 1s a wise provision to keep
| our bodies in health ; hunger gives notice
i that the capillary fires need replenishing,
i in order that the body itself may not be
Ll consumed.

l' Q. Why do we feel a desire for ACTIVITY
in cold weather ?
/ A. Ist—DBecause activity increases
the warmth of our body, by fanning the
' combustion of blood : and
Bndly—The strong food we eat creates
a desire for muscular exertion.

e o —
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Q. Why are the Esquimaux so passionately
fond of TRAIN OIL, aind WHALE BLUBBER ?

A. Because oil and blubber contain
large quantities of carbon and hydrogen,
which are exceedingly combustible ; and
A the heat of theiwr bodies 1s increased by
W the greasy nature of thewr food.

G. Why do we feel a DISLIKE fo strong
meat ard greasy food in very HOT weather 7
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A. Because strong meat and grease
contain so much carbon and hydrogen,
that they would make us wntensely hot ;
we, therefore, instinctively refuse them
i hot weather.

Q. Why do we like FRUITS and VEGE-
TABLES 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.

Why is our blood of @ less COMBUSTIBLE

nature, if we lwe chiefly upon FRULITS and VEGL-
TABLES ?

A. DBecause fruits and vegetables
supply the blood with a very large amount
of water; which 1s not combustible, like
the carbon and hydrogen of strong meat.

How do FRUITS and VEGETABLES COOL
the BLOOD

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

2ndly—They supply the blood with a




- - = T

—
_w—. . -

——

- —

—

S
e e Pl T
i

e A ey — g
i ; >

06 CHEMICAL ACTION,

large amount of water which exudes
through the skin, and leaves the body cool.

- Q. Why do we feel LAzY and averse to acti-
vty en very WOT weather ?

A. Ist—DBecause muscular activity
mcreases the heat of our body, by
quickening respiration : and

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

Why do the inhabitants of TROPICAL
countries live chiefly upon RICE and FRUIT ?

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

Q. Why are the 1LL-FED instinctively averse
fto 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.

Why does the frequent use of BATHS
generally tend to improve health ?

A. Because 1t keeps the pores of the
body free from obstruction : and promotes
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a healthy performance of the functions
of the skin.

. Q. Why are very POOR people instinctively
AVERSE fo ?EHT_IL;LTID}T?
A. 1st—Because ventilation tnereases

the amount of oxygen wn the air,—the com-
bustion of food, and the cravings of
appetite ; and

2ndly—Ventilation cools the air of a
room : to poor people, therefore, who are
ill-clad, the warmth of an ill-ventilated
apartment 1s agreeable.

. 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
mtroduced into their bodies.

Q. Why are children hotter than old people ?

A. Because they breathe more quickly ;
and more oxygen 1s introduced into their
blood to supply the capillary fire.

The heart beats more quickly in the ycung 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. DBecause their breathing
and circulation almost cease.

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

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

A. Because they consume very Uhittle
air ; and, without a plentiful supply ot
air, combustion 1s too slow to generate
much animal heat.

Q. Why is a DEAD BODY cold ?
A. Because air is no longer conveyed

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

- —

CHAPTER VIL

MECHANICAL ACTION.

I.—PERCUSSION.

Q. How is heat produced by MECHANICAL
AQTION ?

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 con-
| ductor. Friction may have something to do with this,

Q. What is meant by PERCUSSION ?

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

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

A. DBecause 1t 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 coLp iron contain WEAT ?

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

. What ts meant by LATENT HEAT ?

A. Heat not perceptible to our feelings.
When anything contains heat without
Jeeling hotter for it, that heat is called
“ latent heat.” (See p. 83.)

Q. Does coLp iron contain latent AEAT °

A. Yes; and when a blacksmith

compresses 1t 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 1iGHT their
MATCHES, before the general use of lucifers ?

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

match.
Q. How can a NAa1L (beaten by a hammer)
IGNITE a brimstone MATCH ?

A. The metal of the nail being com-
pressed by the hammer, can no longer
contamn so much heat 1n a latent state, as
it did before; some of it, therefore, be-
comes sensible, and increases the temper-
ature of the iron.

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

Because it compresses those parts
of the flint and steel, which strike to-
gether : In consequence of which, some
of their latent heat 1s disturbed, and
exhibits 1tsell in a spark.

Q. How does this development of HEAT

produce a SPARK, and set TINDER on fire ?

A. A very small fragment (either of

- L T A S ——
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the steel or flint) #s knocked off red-hot,
and sets fire to the tinder on which 1t falls.

Why 1s it needful to keep BLOWING the
| TINDER with the breath 7

A. Inorder that the increased supply
of air may furnish the tinder with more
ozygen to assist combustion.

Q. Where does the OXYGEN of the air COME
FROM, which s blown to the lighted tinder 7

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

Five gallons of common air contain nearly 4 of nitrogen, and 1 of
oxygen mixred together, but not chemiecally combined.

Q. Whatisthe USEof OXYGEN GAS fo lighted
tinder ?

A. It supports the combustion of the
tinder. Blowing hghted tinder carries
ovygen to 1t and quickens it, in the same
way as a pair of bellows quickens a dull
fire.

W}'ry do HORSES sometimes STRIKE FIRE
with their FEET ?

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

K 3
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What malkes these fragments RED-TOT ?

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

CHAPTER VIII.

——

2. —FRICTION.

. What is 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 pomt, which they rub
quickly up and down a jlat prece, till a
groove 1s made; and the dust (collected
in this groove) ::aLr,h.es fire.

Q. Why does the dust of the wood CATCH
FIRE by RUBBING ? :

A. Because latent heat 1s developed
from the wood by friction.

The best woods for this purpose are bozwood against mulberry,
or laurel against poplar or wy.
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Q. Do mot CARRIAGE WHEELS sometimes

CATCH FIRE?
A. Yes: when the wheels are dry,—

or fit too tightly,—or revolve very rapidly.
' . Why do wheels catch fire in such cases ?
A. DBecause the friction of the wheels
against the axle-tree disturbs their latent
heat, and produces 1gnition.
W hat is theuseof GREASING cart wheels ?
A. Grease lessens the friction ; and
the latent heat of the wheels 1s less dis-
turbed, 1n consequence of this diminished
friction.
Q. Why does RUBBING owr HANDS and
FACES make them feel warm ?

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

2ndly—The blood 1s made to curculate
| more quickly; in consequence of which,
the quantity of heat (left in its passage)
1S 1ncreased.

Q. When a man has been almost DROWNED,
why is suspended anvmation restored by RUBBING ?

A. 1st—DBecause [riction excites the
latent heat of the half-inanimate body: and
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104 MECHANICAL ACTION.

ndly—It makes the blood circulate
more quickly, which increases the animal
heat.

Q. Why do two pieces of 1cE (rubbed toge-
ther) MELT ?

A. Ice contains 140 degrees of latent
heat, and (when two pieces are rubbed
together) some of this latent heat 1s made
sensible, and melts the 1ce.

Q. How are FORESTS sometimes set on FIRE
by friction ?

A. The branches of contiguous trees
(blown about by the wind) rub violently
against each other, their latent heat 1s
developed by the friction, and sets fire to
the forests.

Q. Why do earpenter’s tools (such as gim-
lets, saws, files, &c.) become HOT when used ?

A. DBecause the friction of the tools
against the wood disturbs latent heat, and
malkes 1t sensible.

Q. Give an ILLUSTRATION of this.

A. When cannon is bored, the borers
become so intensely hot from friction, that
they would blister the hands, if touched.
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Q. Why do these BORERS become so in-
- tensely HOT P

A. Because the friction of the borers
against the metal 1s 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 infernal
action (as by the escape of calorie) 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 1 the hand.

Can HEAT be evolved from common air
merely by COMPRESSION P
Ll

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 handle part (which confaing
the sucker, and is foreed up and down) is called * the piston.”
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106 EFFECTS OF HEAT.

Q. Why will the tinder catch fire ?
A. Because the air is compressed ;
and 1ts 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
affimities 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. DBecause the mechanical action
of rubbing or striking, produces sufficient
heat to 1ignite the explosive materials of
which they are composed.

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

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

-
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CHAPTER IX,

EFFECTS OF HEAT.

1.—EXPANSION.

Q. Whatare ﬁmpﬁnmpal EFFECTS of HEAT?

A. 1=K Lxpansion. R.— Liquetac-
tion. 3.—Vaporization, and 4.—Ig-
unition.

Q. Show that AEAT EXPANDS AIR.

A. 1f 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.

Why will the ATR SWELL, if the bladder
be laid before a fire ?

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

Q. Why do unslit CHESTNUTS CRACK with a
- loud noise, when ROASTED P

A. Because they contain a great deal
of air, which is expanded by the heat of




the fire: and (not being able to escape)
bursts violently through the thick rind,
shitting 1, 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; m the same way
as a piece of wood or glass would do, if
snapped wn two ; and

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

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

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

Q. Why does the escape of awr from the
chestnut, or the explosion of qunpowder, produce
4 @ REPORT P
il A. Because the sudden expansion of

il the imprisoned air, produces a partial

108 EFFECTS OF HEAT. {
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vacuum : The report is caused by the
rushing of fresh air to fill up this vacuum.
See Thunder, p. 8. L

| Q. If a cHESINUT be SLIT, i« will NOT |
- erack ; why is this?

A. DBecause the heated air of the
chestnut can then freely escape through |
the slit in the rind. i

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 nto steam.

Q. How 1is the JUICE of an APPLE confined
wn the fruit ?

A. By bemg placed in numerous kdl
little cells (like those of an honey-comb): i
When the juice is converted into steam, I
1t bursts through these cells ; and forces ikl
those parts which oppose i1t through the |
peel.

Ik
| Q. When an APPLE is ROASTING, why is one |
\ part made soft, while the rest remains hard? i

|
| A. DBecause the wvegcetable matter of fi
| the part nearest the fire is cooked by the it
| 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. Whatismeantbythe“applecoLnapsing?”
A. It means that the plumpness gives
way, and the apple becomes flabby and

shrivelled.
W by do SPARKS of firestart (witha crack-
ling noise) from pieces of Woob laid upon a FIRE ?
A. DBecause the awr (expanded by
heat) forces its way through the pores of
the wood ; and carries fﬂr:mrr with 1t the
coveriny of the pore, which resisted its
passage.

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

Q. Whatismeantbythe “ PORES of the woop 2"
A." Very small holes wn the wood,
through which the sap circulates.

What are the sPARKS of fire, which

burst from the wooD ?
A. Very small pieces of wood made

red-hot, and separated from the log by

the force of the air, when it bursts from

1ts 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 GREEN wood make less snap-
ping than d?u,r

Because the pores contain less
air, being filled with sap.

Q. Why does DRY WOOD make more snap-
ping than green ?

A. Because the sap 1s dried up, and
the pores are filled with aur mnstead.

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 mousture, which
‘extinguishes flame; whereas the pores
of dry wood are filled with air, which
supports combustion.

Q. Why does MOISTURE extinguish flame ?

A. Ist—DBecause 1t prevents the
carbon and hydrogen of the fuel from
‘uniting with the oxzygen of the air, to
form carbonic acid gas and water : and
ndly—Because heat 1s perpetually

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

B4
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. Why do sTONES snap and fly about, when
heated in the fire ?

A. DBecause the close texture of the
stone prevents the hot air from escaping ;
in consequence of which, it bursts forih
with great wviolence, 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 erystallization.

When bottled ale or porter is set before

a fire, why is the cork forced out sometimes ?
A. DBecause the carbomic acid of the

liquor expands by the heat, and drives

out the cork.

Carbonic acid gas is a compound of carbon and oxygen. All fer-
mented liquors contain more or less of carbonic acid gas; bottled
ale or porter a large quantity.

Q. Why does ale or porter FROTH more,

after it has been set before a fire ?

A. Because the heat of the fire sets
free the carbonic acid ; which is entangled
as 1t rises through the liquor, and pro-
duces bubbles or froth.

Q. When a boy makes a BALLOON, and sets

re to the cotton or sponge (which has been steeped
wn spirits of wine), why s the balloon INFLATED ?

g
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A. Because the air of the balloon 1s
| expanded by the flame, till every part 1s
inflated and the paper made smooth.

, . Why does the balloon RISE, after it has
been inflated by the expanded air ?

A. Because the same quantity of air
is expanded to three or four times its
original volume; and made so much
lighter, that even when all the paper,
wire, and cotton are added, it 1s still
lichter 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 @ SMOKE-JACK turn round in
a chimney ?

A. Because the current of hot air up
the chimney (striking against the oblique
vanes of the smoke-jack) drives them |
round : as wind drives round the sails of
a mill.

Q. Which EXPAND the most under the SAME
DEGREE of heat-—gases, liguids, or solids ?

A. Gases: all of which expand in
the same ratio from heat.

Q. What degree of expansion in gases is
caused by heat 7

L 3
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A. 481 degrees of heat will make a
volume of gas twice as large as it was
before.

Q.  Whatis the difference between @ VAPOUR
and a GAS ?

A. A vArour 1s an elastic aeriform
flmd, which may readily be converted
into a liquid or solid merely by change of
temperature.

A aGas 18 an elastic aeriform flud,
which cannot be made to change its
state, except by the application of
artifictal 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 is called steam.

Q. What would gases be at VERY LOW tem-
peratures ?

A. All gases would probably be
hquid at extremely low temperatures ; but
the most wntense cold hitherto artificially
produced, has not been sufficient to re-
duce some of the gases to a liquid state.

Gases which eannot 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 ?

——Er e————
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A. Because the particles which com-
| pose some things are nearer together
| than they are in others.—Those in which
 the particles are closest are solid ; those
in which they are furthest apart are
gaseous ; and the rest liquad.

Q. Why does heat change asorip (like ice)
Jirst into a LIQUID, and then into a GAS ¥

A. Because 1t drives the component
particles further asunder ; hence a certain
quantity of heat L]hmges sohd 1ce nto a
hqua r addition of heat
chsmrfcs the liquid mto steam.

Q. Why does water SIMMER before it boils 7

A. Because the particles of water
near the bottor of the kettle (being formed
into steam sooner than the rest) shoot
upwards : but are condensed again by
the colder surface of the water, and pro-
duce what 1s called “ S]l]]lllLll]]*"' )

Q. What is meant by SIMMERING ?

A. A gentle tremor or undulation on
the surface of hot water. When water
sunmers, the bubbles collapse beneath the
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surface, and the steam 1s condensed to
water again ; but when water boils, the
bubbles rise through the surface, and the
steam 1s thrown off. )

Q. Why does a KETITLE SING, when the
water summers ?

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

Why does NoT a kettle siNa, 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 1t 1s set on a hob to boil.

Q. Why does a kettle STNG MORE, when it
is set on the SIDE of a fire, than when it is set in
the MIDST of a fire ?

A. Because the heat 1s appled un-
equally, and one side being made hotter
than the other, the water takes longer
time to boil.

i,
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Why does a KLTTLE sing, when the
boiling water begins to COOL again ? |
A. Because the upper surface cools

 first ; and the steam (which rises from
 the lower part of the kettle) 15 agaun

partially condensed, and escapes by fifs
and starts.

Q. Why does BotLING water increase in
bull ?

A. Because 1t is 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.

What is meant when it 1is said, “ that
HEAT drives the PARTICLES of water further
APART firom each other ?”’

A. Water 1s composed of little glo-
bules, like very small grains of sand:
the heat drives these particles apart from
each other, and (as they then requmre
more room) the water inereases in bulk.

Q. Why does boiling water BUBBLE ?

A. Because the heated air and vapour
(rising through the water) force up bub-
bles 1n their effort to escape.
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118 EFFECTS OF HEAT.

Q. Why does a KETTLE sometimes BOIL OVER?

A. Because the water is expanded by
heat : 1f, therefore, a kettle is filled with
cold water, some of it must run over, as
soon as 1t 15 expanded by heat.

Q. But I have scen o keltle BOIL OVER,
although it has not been filled ¥ULL 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 wvery numerous; and since
these carry portions of the water with

them, some of 1t runs over.

Q Whyis 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 is boil-

ing) 1t 1s expanded by the heat, and fills
the pot even to overflowing; but, when
1t becomes cool, 1t 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 some-

tvmes run out of the SPOUT when it BOILS ?

A. Because when the lid fits tightly,

|
|
|
|
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STEAM. 119

the steam cannot lift it up and escape;
being confined, therefore, i the kettle,
(it presses on the water and forces 1t out
- of the spout.
W hat causes the RATTLING NOISE, often

made by the lid of o saucepan or boiler ?
| A. The steam (seeking to escape)
forces up the lid of the boiler, and the
weight of the lid carries 1t back agam ;
this being done frequently, produces a
rattling noise.

Q. If the steam could NOT TLIFT UP the lid
of the boiler, how would 1t escape [

A. If the lid fitted so tightly, that
the steam could not raise 1t up, the
boiler would buwrst, and the consequences

micht be serious.

,. W hen steam pours out from the spout of
| @ kettle, the STREAM begins apparently HALF AN
| Ixcnl off the spout ; why does it not begin CLOSE
| to the spout?

A.  Steam is really tnvisible ; and the
half-inch (between the spout and the
““ stream of mist”) is the real steam, before
it has been condensed by the air.

 Why is not ALL the steam INVISIBLE,
| as well as that half-inch ¢
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i A. Because the invisible particles are

condensed by the cold air; and, rolling

1“ one mnto another, look like mist.

Hl Q. What BECOMES of the sTEAM, for it

| ‘” soon vanishes ? |
| A. After it has been condensed into |}
| mist, it is dissolved by the air and dis- |
| persed abroad as wnwisible vapour. |
! Q. And what BECOMES of the invisible |

vapour ?

A. Being lighter than air, 1t ascends
to the upper regions of the atmosphere,
where (being again condensed) 1t contri- i
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 (left in a |
saucepan) RETARD the process of boiling ? |
A. DBecause the metal spoon (being
an excellent conductor) carries off the heat
from the water; and (as heat is carried ‘
off by the spoon) the water takes a §

longer time to boil. |
Q.  Why will a pot (filled with water) NEVER |
BOTL, when vmmersed in another vessel full of i
|
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SUGAR AND SALT RETARD BOILING. 121

open vessel can never be heated above
the boiling point; all the heat absorbed
by water after it bous, 1s employed in
generating steam. ,

Q. How does the conversion of water into
steam, prevent the INNER pot from boiling ?

A. Directly the water in the larger
pot is botling hot (or R1R°,) steam 1is formed
and carries oft some of its heat ; therefore,
R12 degs. of heat can never pass through
tt, to raise the wnner vessel to boiling heat

Q. Why do SUGAR, SALT, §c., RETARD the
process of boiling ?

A. DBecause they increase the density
of water; and whatever increases the
density of a flud 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 vmmerse the pot (con-
taining the water to be boiled) in a sauce-
pan containing strong brine or sugar.

Q. Why would the INNER vessel boil if the
OUTER vessel contained strong BRINE ?

_ A. Because brine will not boil, till it
18 raised to 218 or 220 degs Tharefore,
Al
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1229 EFFECTS OF HEAT.

212 degs. of heat may easily pass through
1t, to raise the wvessel tmmersed in it to
boiling heat.

Q. Why will brine impart to another vessel
MORE than 2120, and water NOT SO MUCH P

A. Because no liquid can impart so
high a degree of heat, as its own bouling
temperature : As water boils at 212° it
cannot 1mpart 212° of heat: but, as brine
will not boil without 218° of heat, 1t can
umpart enough to make water boil.

. Why can liguids impart no EXTRA heat,
after they boul 7

A. Because all extra heat 1s spent n
malking steam. Hence water will not boil
a vessel of water immersed 1n 1t, because
it cannot impart to 1t 212 degs. of heat;
but brine will, because it can 1mpart more
than 212 degs. of heat, before 1t 1s utself

converted imto steam.
Ether boils at about . 96 degs.| Syrup boils at . « 221 degs

Alcohol - - . 176 ,, | Oil of turpentine . D108
Water « o« o« '212°,, | Bolphuricacmd . . 472 ,,
Water, with one-fifth Linseed oil . . 640 ,,

Balpin s o, o 218 oy |EMerenry .0 . . 063

Any liquid which boils at a lower degree can be made to boil, if
immersed in a liquid which boils at a Ahigher degree. Thus a cup
of ether can be made to boil in a saucepan of water. A cup of
water, in o sauecepan of brine or syrup. Buta cup of water will
not boil, if immersed in eflier; nor a cup of syirup, in water,

I —
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Q. Why are clouds HIGHER on a fine day ?

A. Because they are Ulghter, and
more buoyant.

Q. Why are clouds LIGHTER on a FINE day ?

A. 1st—Because the vapour of the

clouds 1s less condensed ; and

2ndly—The air itself (on a fine day) re-
tains more of 1ts vapour in an tnwisible form.
Q. Whyisa cuP put INVERTED info a fruit

pe?

A. Its principal use i1s to hold the
crust up and prevent it from sinking, when
the cooked fruit gives way under 1it.

Does not the cup PREVENT the jfruit of

' the pie from BOILING OVER?

——r L

A. No; 1t will rather tend to make
1t boil over, as there will be less room
m the dish.

Q. Ezplain this.

A. When a pie i1s put into an oven,
the air in the cup will begin to expand, and
drive every particle of juice from under
1t; n 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.

Bome of the heated air is driven from the cup, and escapes in
M 2
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bubbles thmug]:l the juice, and out of the pie altogether. The place
of this is occupied by juice when the pie cools.

Q. If the Juice s driven ouvtT of the cup ;
why is the cup always FULL of juice, when the
pre s cut up ?

A. Because immediately the pie is
“drawn,” the air in the cup begins to
contract again, and occupy a smaller space :
and as the cup 1s no longer full of aer,
juace rushes 1n to occupy the void.

Q. Why does juice rush into the cup, when
the cup 1s NOT FULL of AIR?

A. DBecause 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 scon 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 pluce,
although it does not prevent the fruit from boiling over,

CHAPTER X.

EXPANSION FROM HEAT.
(Continued.)

Q. Does heat expand every thing ELSFE,
besides awr and waler?

i

- g
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A. Yes: every thing (that man 1s

| acquainted with) is expanded by heat.

Q. Why does a cooPERr 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

ndly—As 1ron 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
tron hoop or ‘“‘tire”’ RED-HOT, which he fixes on a
WHEEL ?

A. 1st—That 1t may fit on more
easily ; and

2ndly—That 1t may girt the wheel
more tightly.

Why will a wheelwright's TOOP FIT the
wheel MORE EASILY, for being made RED-HOT ?

A. Because 1t will be expanded by
' the heat; and (being larger) will go on
- the wheel more casily.
| Q. Why will the moors, which have been

| put on BHOT, GIRT the wheel more FIRMLY ?
| M A
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A. Becaunse they will shrink as they
cool ; and, therefore, girt the wheel with a
tughter grasp.

Q. Why does a sTovE make @ CRACKLING
NOISE, when a fire is very hot ?

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

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

A. DBecause 1t contracts again, when
the fire 1s removed ; in consequence of
which, the parls rub against each other
again, and thewr connection with the
bricks 1s agawn disturbed.

Why does the PLASTER round a stove
CRACK and fall away ?

A. DBecause (when the fire 1s lighted)
the wron-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 1t cracks and falls off.

Q. Why doesthe MERCURY of @ THERMOME-
TER RISE in hot weather ?

A. Because heat expands the metal,
which (being increased m bulk) occupies
a larger space; and, consequently, rises
higher in the tube.

Q. Why is @ GLASS BROKEN, when HOT
WATER 28 poured into it ?

A. DBecause the inside of the glass
18 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 ovrsivE of the glass
expanded by hot water, as much as the INSIDE ?

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

Q. Why does a glass snap, because the INNER
surface ts HOTTER than the OUTER P

A. DBecause the wmner surface 1s
expanded, and not the outer : in conse-
quence of which, an opposing force is
created which breaks the glass.

Q. Why is a cHINA ¢UP broken, if HOT
WATER be poured over it, or into it ?

A. Because china 1s a bad conductor;

and (as the inner surface expands from
the heat more than the outer,) an opposing 4

force 1s created, which breaks the cup.

Q. If a glass beaker be set on a warm ®OB,

why does the BOTTOM COME OFF ?

A. DBecause glass 1s a bad conductor;
and (as the bottom of the glass expands
from the warmth of the hot stove, before
the sides are heated) the two parts separate
from each other. |




LIQUEFACTION.

CHAPTER XIL

2. —LIQUEFACTION.
3.—VAPORIZATION.

W hat is meant by LIQUEFACTION P
A. The conversion of a solid into a

{liguid by the agency of heat: as sohd

ice is 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 1s sufficiently overcome, to
convert the solid ice winto a hiquad.

See p. 113,

Q Why are METALS MELTED by the heat
of FIRE?

A. Because the heat of the fire forces
thevr particles asunder ; till their attrac-
tion of cohesion is sufficiently overcome,

to convert the solid metal into a liqud.

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 1ts globules into very minute
bubbles ; which (being lighter than air) fly

off from the surface in the form of steam.

Q. Why does not woop MeLT like metal ?

A. DBecause the heat of the fire
decomposes the wood into gas, smoke, and
ashes ; and the different parts separate
from each other.

Q. What vs meant by VAPORIZATION ?

A. The conversion of a solid or lLiquid
into vapour: as snow or water 1S con-
verted into vapour by the heat of the sun.

W hat are cLOUDS ?
A. Moisture cvaporated from the earth,
and again partially condensed in the upper
regions of the air.

W hat is the difference between a Foa
and a CLOUD ?

A. Clouds and fogs differ only 1n 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
awr ?

A. Because they are composed of
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very minute globules (called vesrcicles);
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 07 FOG T

A. This depends on the temperature of

the air. When the surface of the earth 1s
warmer than the lower air, the vapour of
the earth (being condensed by the chill
air) becomes smist or fog. But, when the
lower air 1s warmer than the earth, the
vapour 1ises through the air, and becomes
cloud.

2. Are ALL clouds ALIKE ?

A. No. They vary greatly in density,
hewght, and colour.

Q. What is the CHIEF cause of fog and clouds

A. The changes of the wind.

Many local circumstances also favour the formation of clouds.

Q. How can the CHANGES of the WIND
affect the cLoups?

A. It 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 the 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 I
heavy ones touch the steeples, trees, and |
even the earth: but the average height §
1s between one and two miles.
N.B.—Streaky curling clouds like hair, are often 5 or 6 miles high.
. Wmxuar clouds are the LOWEST ? -
A. Those which are most highly elec-
trified : lightning clouds are rarely more 4
than about 700 yards above the ground ; ¥
and often actually touch the earth with
one of thewr edges.
W hat is the S1ZE of the cLOUDS ?
A. Some clouds are 20 square miles |
in surface, and above a mile in thickness §

”1
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vhile others are only a few yards or
nches.

How can persons ascertain the THICK-
NESS of a cloud ?

A. As the tops of high mountains are
generally above the clouds, travellers may
pass quite through them into a clear blue
firmament; when the clouds will be seen
beneath their feet.

Q. What produces the great VARIETY in the
SHAPE of the clouds ?

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

udly—Their electrieal condition : and

Srdly—Their relations to currents of
wind.

Q. How can TLECTRICITY qffect the SHAPE
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. Wuar clouds assume the most FANTASTIO
ishapes ?

. A. Those that are the most highly
selectrified.

|
|
|
|
|
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Q. What effect have WiINDS on the SHAPE
of clouds 7

A. They sometimes absorb them en-
turely : sometimes wncrease their volume
and density ; and sometimes change the
position of thewr parts. |

. How can winds ABSORE clouds altogether ?

A. Warm dry winds will convert the
substance of clouds into tnvisible vapour, |
which they will carry away in their own
current.

densi.;y of clouds ?
A. Cold currents of wind will con-

dense the vwisible vapour of the air, and
audd 1t to the clouds with which they come

in contact. {
. 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 veseicles or bubbles.
What are the general cOLOURS of the

|
How can winds INCREASE the bulk and 1
i
T

clouds ? :
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 TasT clouds of evening
\generally of a RED 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.

HORrZoN

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
¢louds 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
‘;ﬁngecl by their respective colours. An observer placed at E, just
| a8 he was turning into darkness towards C, would see the clouds
| tinged red at R, resting upon the western horizon.

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

|

I A. Because the red rays, being less
| refrangqible than the yellow or blue rays,
‘come soonest into sight, as the surface
| of the earth turns into daylight.

N 2

| i

¥ P—
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|

|

|
: i Suppose the earth to be turning in the direetion DCA. Then
1 any given cloud would come first into the light of the red rays R,
1Rl and the observer at E would see it so tinged on the eastern horizon,
| just as he was coming into daylight.
|

Q. Whatisthe causeof MORNING TWILIGHT ?
A. Some of the rays of light which

o strike the top of the atmosphere, are

il bent down while the sun 1s still invisible §
| {h beneath the horizon. |
: “ Q. Whatisthe causeof EVENING TWILIGHT? |

A. Some of the rays of light which
L strike the top of the atmosphere, are bent
il down, when the sun has sunk out of
j sight beneath the horizon.

ALIKE ?

A. Because the condition of the
atmosphere 1s continually varying, as also
the size, density, and relative position of
, the clouds with regard to the sun: so
that sometimes one colour 1s reflected,
| and sometimes another.

Q. Why s not the colour of clouds always }
|

R T .

i |
i :l Q. What regulates the MOTION of the clouds ? ,
ier A. Principally the winds ; but some- §
: times electricity will influence their mo-
! f tion also. :

i\
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How do you know that clouds move by
| OTHER influences besides WIND ?

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

How do yow Fknow that ELECTRICITY
affects the motions of the clouds ?

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

| Q. Into how many CLASSES are the different
| sorts of clouds generally divided 7

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

Q. How are SIMPLE clouds sub-divided 7
A. Into 1.—Cirrus; 2 —Cum'ulus;
and 3.—Stra'tus clouds.

Q. What sort of clouds are called cIRRUS ?
A. Clouds like fibres, loose hair, or
thin streaks, are called ¢ cirrus clouds.”

Q. Why are these clouds called cIRRUS ?
A. From the Latin word cirrus (““a
lock of hair, or curl”): Cirrus clouds are
the most elevated of all.
N 3
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Q. What do cirruUs clouds PORTEND ?

A. Fine weather. Whenever cirrus
clouds appear, there is but little moisture
m the air, and this is only slowly con-
densed in the higher regions of the
atmosphere.

Q. What sort of clouds are called cum'ULUS ?

A. Cum'ilus cloud are lumps, like
great sugar loaves,—uvolumes of smoke,—
or mountains towering over Mmountans.

Why are these monster masses called
CUM'ULUS clouds ?

A. From the Latin word cumulus
(‘““ @ mass or pile.”)

Q. What do cum'vLUS clouds FORESHOW ?
A. When these piles of cloud are
fleecy, and sail against the wind, they
indicate rawn ; but when their outline 1s
ery hard, and they come up with the
wind, they foretell fine weather.

Cum’ulus clouds should be smaller towards evening than they
are at noon. If they increase in size at sun-set, a thunder storin
may be expected in the night.

Q. What sort of clouds are called sSTRA'TUS ?
A. Creeping musts, especially preva-
lent 1n 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 thesemistscalled STRATUS clouds ? |

. A. From the Latin word stra'tus i
- (““ laid low,” or ‘“ that which lies low.”) |

Q. What produce cIRRUS clouds ?

A. Moisture in a visible form, de-
posited in the higher regions of the
atmosphere from ascending currents of
heated aar. |

Q. What produce 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 produce STRATUS clouds ?

‘ A. DBeds of visible moisture, formed
by some chilling effects, acting along the
direct surface of the earth.

| Q. How are the INTERMEDIATE clouds sub-
- divided ?

A. Into two sorts. 1.—The Cirro-
Cumulus; and 2.—The Cirro-Stra tus.

:
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What are cIRRO-CUMULUS clouds 7
A. Cirro-Cum'ulus clouds are cirius
clouds springing from a massy centre; or
heavy masses, edged with long streaks,
generally called ““ mares’ tails.”

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

What do OIRRO-CUM'ULUS clouds gene-
rally FOREBODE ?

A. Continued drought, or hot dry
weather.

Q. What are cIRRO-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.”

What produce CIRRO-CUM ULUS clouds ?
A. Cum'ulus clouds dissolving away
into cirrus produce the intermediate class,
called cIRRO-CUM'ULUS.
Q. What produce CIRRO-STRA'TUS clouds ?
A. Cuwrus clouds accumulating imto
denser masses produce the intermediate
class, called cTRRO-STRATUS.
Q. How are coMPOUND clouds sub-divided ?




CLOUDS. 141

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 CUM'ULO-STRATUS :'
- elouds ? ;
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 1s the most
romantic and strange of all.

Q. What do the cUMULO-STRATUS clouds
FORETELL ?

A. A change of weather ; either from

fine to rain, or from rain to fine.
What are XS1MBUS clouds ?

A. All clouds from which rain falls. |

Nimbus 1s the Latin word for ¢ clouds

- which bring a storm.” i

|

E— - —————————————

| Q. By what particular character may the
- NIMBUS (or rawn-cloud) be at once distinguished ?

A. DBy the want of a defined outline : |
| Its edge 1s gradually shaded off from the
~ deep grey mass into transparency.
| Q. What APPEARANCE takes place in the
~ clouds, at the approach of RAIN?

Ll el
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‘A, The cum'ulus cloud becomes sta-
twonary, and cirrus streaks settle upon it,
forming cum'ulo-stra'tus elouds; black
at first, but afterwards of a grey colour.

Q. Why do clouds gather round MOUNTAIN
TOPS ?

A. Because the air (being chilled by
the cold mountain tops) deposits 1its

vapour there, 1 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 ; 1
Qndlv—They temper the heat of the
SUn's rays ;

3rdl}-—-They are the great store-Touses
of rain. |

“ Radiation of heat,” i.e. the escape of heat, when no conductor
carries it away.

Q. Why iswind 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 1t i the wisible form of clouds,
as soon as 1t reaches a colder region of
air. |
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. Why does WIND sometimes DRIVE AWAY
the clouds ?

~ A. Because 1t has travelled over dry
climes or thirsty deserts, and becomz so
‘dry, that it absorbs vapour from the
clouds, and causes them to disappear.

Q. What is the cause of a RED sunset ?

A. The vapour of the air not being
actually condensed into clouds, but only
on the point of being condensed.

Q. Why is a RED sunset an indication of @
FINE DAY fo-morrow?

A. Because the vapours of the earth
‘are not condensed nto clouds, even by the
cold of sunset. Our Lord referred to
this j[}mﬂ‘nﬁstic in the following words:
‘““ When 1t 1s evening ye say 1t wll
be fair weather, for the sky is red.”
| (Matt. 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 dovapours (Nor actually condensed)

| refract RED rays, while caﬂdﬂzaed vapour refiracts
yellow ?
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A. DBecause the beams of light meet
with very little resistance; in conse-
quence 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, AY, A B.

Q. Why do CONDENSED wapours refract
YELLOW rays, whereas vapours not actually con-
densed refract red 7

A. Because the beams of light meet
with more resistance from the condensed
vapour ; 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 |
AY, is more bent than the red ray, A R. '

I Q. Whyis a YELLOW SUN-SET an indication §
of Wur?

i A. Because it shows that the vapours
Il of the air are already condensed into
e clouds ; rain, therefore, may be shortly
g expected. i
1 Q. W hat is the cause of @ RED SUN-RISE ?

’ A. Vapour in the upper region of the
air just on the point of being condensed.
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Q. Why may ared and lowering sky at mor-
- ming be an indication of approaching RAIN ?

A. DBecause the density ot the air 1s
due to an excess of vapour at the point
of condensation; hence our Lord’s obser-
Yﬂti()l’l, . Il'l ﬂ'le D'lUl‘l']lllg ye Sﬂ.y} 1t Wl“
be foul weather to-day, for the sky 1s red
and lowering.” (Matt. xv1. 3.)

Professor Forbes has seen a red light in the jet of steam issuing
from the valve of a locomotive, where it is just becoming visible
from condensation. Professor Grifliths states, that the red and
lowering morning sky, which indicates foul weather, probably de-
pends upon excess of vapour in the atmosphere : but as a general
rule, dry wir is less transparent than moist, and red rays have more

power to pierce through a dense atmosphere ; hence the sun is red
atl rising or setting, or in a fog.

Q. Why is a grey sun-rise often indicative
of a FINE day ?

A. DBecause at the instant of sun-
rise the higher regions of the air are
comparatively free from moisture, and
teeble white light can pass through.

Grey is oniy white in a diluted state.

. Why is a yellow tint in the sky indicative
of the approach of WET ?

| A. DBecause 1t shows that the air 1s
imotst. Moist air 1s more transparent
|than dry, and allows yellow rays, which
‘have less momentum than red, to pass
| through as well.

|

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

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

Wil o Mg glgﬂgmhgisg;z; :
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 wpwards 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, “ Arainbow in the MOR-
NING s the shepherd’s warning :”> Why is it so ?

A. Because a mornming rammbow must
be always in the west; and indicates
that bad weather 1s on the road to us.

Q. Why must a MORNING rainbow be always
tn the WEST ?

A. Because the sun 1s in the east;
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and 2 rainbow can be formed only when
the rainy clouds are opposite to the sun.

Q. Why does a rainbow in the WEST indi-
cate that BAD WEATHER 48 on the road to us?

A. Because our heavy ramns 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. Theproverb says, “ A RAINBOW af NIGHT

18 the shepherd's delight : Why is it so?

A. Because a rambow at night is in
the east ; and indicates, that bad weather
18 leaving us.

Q. Why must a rainbow at X160T be always
in the EAST P

A. DBecause the sun is in the west ;
and a raimbow can be formed only when
the rainy clouds are opposite to the sun.

Why does a rainbow in the EAST indicate
that bad weather 1s LEAVING us ?

A. DBecause 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 2
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west to the east, is a plain proof that
they have already passed over us, and
are going away.

This will not be true if the wind be easterly.

W hat is meant by an AURORA BOREA'LIS,
or northern light ?

A. A luminous appearance 1n 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 TIsles, ‘‘ Merry dancers.”

. Describe the appearance of the Aurora
Borealis, visible in England on the night of
November 17Tth, 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 appearance lasted from 7 till 10
o'clock at mght.

Q. Is this the wuswal 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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Joud,—low down in the horizon,—and
running from east to west of the due

north. |

Q. Whatisthe cause of the AURORA BOREA'-
L18, or northern light ?

A. The passage of electricity through
tne higher regions of the atmosphere.

Q. Why are there DITFERENT COLOURS 7
the Aurora Borealis, 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 streals.

Q. Is the Aurora Borealis ever accompanied
by sound ?

A. Yes, it 1s frequently accompanied
by sounds resembling hissing, murmur-
ing, rumbling, or crackling.

When its coruscations are very bright, unsettled weather gene-
rally follows; but in 1848 and 1849, brilliant displays of the Aurora

Borea'lis were followed by very fine weather,

Q. Why does a HAZE round the SUN indi-
cale RAIN P
A. Because the haze is caused by very

Jine rain, suspended in the upper regions of
0 3
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the air ; when this is the case, a rain of
5 or 6 hours” duration may be expected.

Q. Why is a HALO round the MOON a sure
indication of RAIN P

A. DBecause it 1s caused by fine rain,
suspended 1n the upper regions of the air.
The larger the halo, the nearer the rain-
clouds, and the sooner may rain be ex-
pected.

Q. Whatis the cause of @ BLACK MIST : and
why does 1t bring WET weather ?

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

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

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

Why do we feel almost SUFFOCATED in

a hot cloudy night 7
A. Because the heat of the earth

cannot escape into the upper region of
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the air; but is pent-in by the clouds,
and confined to the swurface of the earth.
. Q. Why do we feel SPRIGHTLY in a clear
| bright night ?
| A. DBecause the heat of the earth can
readily escape into the upper regions of
the air, and is not confined or pent-in
by thick clouds.
Q. Why do we feel DEPRESSED in SPIRITS
i on a WET murky DAY ? feara
| A. 1st—DBecause the air 1s laden
- with vapour, and has (proportionally) less
0Ly gen.
| 2ndly—The air being lighter than
usual, does not balance the air wn 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 7"’
A. The human body contains air of
a given density ; if, therefore, we ascend
mto rarer air, or descend into denser,
the balance is destroyed, and we feel
oppressed.
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Q. Why do we feel UNCOMFORTABLE, if the
air around is 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 ; 1if 1t be less dense, the
air in our body will produce a feeling of
distension.

Q. Why do persons, who ASCEND ¢n BAL-
LOONS, feel PAIN in their eyes, ears, and chest ?

A. Because the air in the upper
regions of the atmosphere is more rare
than the awr wn thewr bodies; and (till
equalibrium 1s restored) pain will be felt 1n

the more sensitive parts of the body.
More especially in the tympanum of the ear,

Q. Why dopersons,who DESCEND ¢ DIVING-
BELLS, feel PAIN in their eyes, ears, and chest ?

A. DBecause the air in the diving-bell
1s compressed by the upward pressure of
the water: in consequence of which,
great pain 1s felt n the more sensitive
parts of the body.

The pressure thus caused is sometimes sufficient to rupture 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 trailing a long distance,
why may RAIN be expected !

A. DBecause the air is unwilling to
absorb any more moisture, and must be
already nearly saturated with 1t.

Q- At what noUR of the day may this prog-
nostic of rain be most certainly depended on ?

A. When 1t 1s seen at about three in
the afternoon, a wet evening i1s almost
sure to follow.

|
Q. Whichis the more dense, MOIST or DRY air ?
. A.  Dryaristhe densest. The weight
~of the atmosphere almost always dimin-
\ishes as the fall of rain approaches.
| ; Q. When are sounds LOUDEST, in MOIST or
W DRY weather ?

A. All sounds are loudest in dry air,
because 1t is densest.

|  The sound of a bell can be scarcely heard, when it is rung in the
't receiver of an air pump. And the report of a pistol is scarcely
audible on the top of a high mountain.

|
|
1
|
|
|
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Q-  Why do we feel BrRACED and LIGHT-
HEARTED 0% @ FINE spring or FROSTY morning ? 4

A. 1st—DBecause there 1s more oxygen.
1n the air on a fine frosty morning, tha,n
on a wet day: and

2ndly—A brisk frosty air has a ten-
dency to brace the powers of the nervous

system. |
Q.  Why do dogs and cats (confined to a room).
Jeel LAZY and DROWSY, at the approach of rain?

A. 1st—Because the air does not
contain uts full proportion of oxygen : and
ndly—The damyp depresses the powers:
of thewr mervous system, and makes them
drowsy. 1
Q. When surre lie under a HEDGE, and

seem unwilling to go to pasture, RAIN s at hand :
Ezplain the reason of this.

A. The damp air relaxes their nervous
system, and they consequently feel listless |
and drowsy.

. Why do HORSES neigh, CATTLE low, SHEER
bleat, and ASSES bray, at the approach of ramn?

A. Damp air relaxes thewr nerves, &u:u:l,,i
therefore, they feel languid and uneasy.

Q. M&ﬂﬁan some OTHER anvmals, which i'ﬂffi--;; ‘
cate the approach of rain in a similar way. ’ 'I

J!
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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 1s close at hand.

Q. Why do cANDLES and TIRES burn with
a BLUER flame wn wet weather ?

A. Because the heat of fire 1s less
itense : In consequence of which, some
of the carbon 1s not heated to whiteness.

Unless the carbon be intensely heated, it will not unite with the
oxygen to form carbonic acid, but will fly off as smoke.

| Q  Why do mivLs, §e., appear LARGER in
WET weather ?

A. DBecause the air 1s laden with
vapour, which causes the rays of light to
dwerge more; 1 consequence of which,
they produce on the eye larger vmages of
objects.

Q. Why do TREES, §c., in wet weather ap-
pear FURTHER off than they really are?

A. Because the fog or mist diminishes
the hight reflected from the object; and
as the object becomes more dim, 1t seems

to be further off.

|

|
|
i
.'
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|
1
|
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Q. Why do oBIEOTS sometimes seem to 4
DANCE n warm weather, after much rain ?

- A. Because the heat makes the fallen
rain cvaporate 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

Do not DOMESTIC ANIMALS give some
indications by which the approach of wet weather
may be known ?

A. Tt is believed that cats and house
dogs feel a cutaneous irritation at the
approach of ramn, 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.

Why is the air generally DRIER before
noon and before summer, than it is after noon and |
after summer ?

~A. Because in the morning and in
the spring, the heat of the air 1s on the |
increase, and 1s more capable of holding *
vapour suspended. In the afternoon and
in the autumn 1t is getting on the decrease, =
and is less able to hold vapour suspended.  §
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Q. When the plants called TREFOIL, DAN- 1l
DELION, PIMPERNEL, &c., FOLD up their leaves, |
RAIN 18 always close at hand : Explain this. |

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

2ndly—The vapour of the damp air,
msinuates itself into the vessels of these
delicate plants, and affects their wvital
sensibilities 1n some unknown way.

All these plants close at sun-set also.

Q. Whydo doors SWELL 7 RAINY WEATHER ?

A. Because the awr s filled with
vapour, which penetrates into the pores
of the wood,—forces the parts further
apart,—and swells the door.

Q. Why do doors SHRINK in DRY weather ?

A. Because moisture is absorbed from
the wood : and, as the particles are
brought closer together, the size of the
door 1s lessened,—in >ther words, the
door shrinks.

| Q. Why is the air filled with offensive
| BMELLS, just previous to RAIN P

A. Because the volatile parts which
P

|
|
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rise from dunghills, sewers, &c., are
arrested by the vapowr of the air, and
prevented from 7sing so readily, as when
the sun 1s shining brightly. :
Q. Why do FLOWERS 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 ; 1n consequence of which, they -
are confined to the lower regions of the
atmosphere. 1

N.B.—DMany essential oils and other volatile substances, which
produce odours in plants, require the presence of much moisture for
their perfect development.

Q. Why do HORSES and other animals
stretch out their necks, and SNUTF up the AIR,
Just previous to a fall of RAIN?

A. Because they smell the odour of
plants and hay, and delight to snuff in
their fragrance.
Q. Why does sMOKE fall, when RAIN is af B |

hand ? v i
A. Because the air 1s less dense, and

cannot buoy up the smoke so 1eachly,
dry and heavy ar.
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Q. Why do SWALLOWS FLY LOW, when RAIN
ts at hand ?

A. Because the wnsects (of which they
are in pursuit) have fled from the cold
upper regions of the aiwr, to the warm air
near the earth : and as their food is low,
the swallows fly low.

Q. Why do these 1Nstcrs seek the lower

regions of the air in WET weather, more than in
FINE ?

A. Because (in wet weather) the
upper regions of the air are colder than
the lower ; and, as insects enjoy warmth,
they seek 1t near the earth.

Q. Why does a DOWNWARD current of COLD
AIR bring RAIN P

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
m spring, FOUL WEATHER will bring:°  Why
8 this the case ?

. A. Because in cold stormy weather,
one magpie alone will leave its warm snug

nest wm search of food, while the otler
P a

1
1
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stays with the eggs, or young omes ; but
m fine mild weather (when their brood
will not be injured by cold) both the
magpies fly out together.

Q. Why s it UNLUCKY for ANGLERS [0
see a SINGLD magpie in spring ?

A. Because, when magpies fly abroad
singly, the weather is cold and stormy ;
but, when both birds fly out together, the
weather 18 warm and mld, which 1s

Javourable for fishing.

Q. Why do seA-GULLS fly about the SEA in
FINE weather 7

A. Because they lwwe upon the fishes | |
which are found near the swrface of the
sea 1n fine weather.

Q. Why may we expect STORMY RAINS,
when SEA-GULLS assemble on the land ?

A. DBecause 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 to the SEA, during

a storm?

A. Because they lLve upon insects,
which are always to be found in abun-
dance about the spray of swelling waves.

N.B. Petrels are birds of the duck kind, which live in the open
sea. They run on the top of the waves, and are called Petrels, from
Potrello, an Italian word, which means Little Peter, 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 LAMPR SPIRT,
when RAIN 1s at hand ?

A. Because the air 1s filled with
vapowr which penetrates the wick ; where
being formed into steam) it expands
uddenly, and produces a little explosion.

Q. Why does a DROP of WATER sometimes
OLYL along a piece of hot iron, without leaving
he least trace 7

A. Because the bottom of the drop is
urned into vapour, and buoys the drop up,
thout allowing it to touch the iron.

Q. Why does it roLL ?
A. Because the current of air (which
Is always passing over a heated surface)

ilrives 1t along.
P3
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Q. Why doesaLAUNDRESS put a little SATIVA
0% @ FLAT-IRON, fo know if it be hot enough ?

A. Because, when the saliva sticks to
the box, and 1s evaporated, she knows it
1s not sufficiently hot : but, when it runs
along the wron, 1t is.

Q.  Why does the saliva RUN along the flat-
wron when 1t is very HOT ?

A. Because the heat of the iron
converts the bottom of the drop wnto
vapour ; when this 1s not the case, the
saliva will not roll over the iron. |

CHAPTER XII.

s s

4.—EVAPORATION,

Q. What is meant by EVAPORATION ?
A. The dissipation of liqud by its
conversion into vapour.
Q. What E¥FECTS are produced by evapora-
tion ?

A. - The liquid vaporized alsorbs heat '
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from the body whence it issues; and
the body, deprived of the liquid -by eva-
poration, loses heat.

Q. If you WET your FINGER in your mouth,
and hold it up in the air, why does it feel coLD ?

A. DBecause the saliva quickly evapo-

| rates ; and (as 1t evaporates) absorbs heat
| from the finger, making 1t feel cold.

Q.  Ifyou bathe your TEMPLES with ether,why
does it allay INFLAMMATION and feverish heat 7

A. Because ether very rapidly evapo-

| rates; and (as 1t evaporates) absorbs

heat from the burming head, producing
a sensation of cold.
Q. Why s ETHER better for this purpose

\ than WATER ?

A. Because ether requires less heat
to convert it wnto vapour ; 1n consequence
of which, it evaporates more quickly.

N.B.—Ether is converted into vapour with 95 degs. of heat: but

water requires 212 degs. of heat to convert it into steam.

|
|

Q. Why does ETHER very greatly RELIEVE
@ SCALD 0r BURN P

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 conv, when we have wrr
FEET 0r 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
“oorp P”

A. Because the evaporation absorbs
heat so abundantly from the surface of
our body, that its temperature is lowered
below its natural standard ; in consequence
of which, health 1s injured.

Q. Why is it DANGEROUS fo SLEEP i a
DAMP BED ?

A. DBecause heat is continually ab-
sorbed from the surface of our body, to
convert the damp of the sheets into vapour :
1n consequence of which, our animal heat
18 reduced below the healthy standard.

Q. Why is HEALTH INJURED, when the
temperature of the body ts REDUCED below ils
natural standard ?

A. DBecause the balance of the cvrcu-
lation 1s destroyed : Blood 1s driven away
from the external surface by the chill,
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and thrown upon the wnternal organs,
which are oppressed by this increased

load of blood.
Why do we not feel the same sensation of

cold, if we throw @ MACINTOSH over our WET

CLOTHES ? _ _
A. Because the macintosh (being air-

tight) prevents evaporation ; and (as the
wet cannot evaporate) no heat 1s absorbed
from our bodies.

Q. Why do not sailors “ catch coLn,” who
are frequently wet all day with SEA-WATER ?

A. 1st—Because the salt of the sea
retards evaporation ; and (as the heat of
their body 1s drawn off gradually) the
sensation of cold 1s prevented : and

2ndly—The salt of the sea acts as a
stimulant, and keeps the blood circula-
ting in the skin.

Q. Why does SPRINKLING @ HOT ROOM with

water COOL 1t 7
A. DBecause the heat of the room

causes a rapid evaporation of the sprinkled
water: and as the water evaporates, it
absorbs heat from the room, which cools it.

Q. Why does WATERING the STREETS and
roads COOL them ?
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A. Because they part with their heat,
to promote the evaporation of the water
sprinkled on them.

Q. Why does a SHOWER of RAIN COOL the
AIR wn Swmmer-time ?

A. DBecause the wet earth parts with
ats heat to promote evaporation ; and when
the earth 1s cooled, 1t cools the air also.

Q. Why vs LINEN DRIED by being exposed
to the WIND ?
A. DBecause the wind accelerates evap-

oration, by removing the vapour from the
surface of the wet linen, as fast as it 1s

formed..

Q. Why is LINEN DRIED sooner in the open
AIR, than wn a confined room ?
A. DBecause the particles of vapour

are more rapidly removed from the
surface of the linen, which mecreases the

evaporation.

Q. Why are WET summers generally suc-
ceeded by coLD winters?

A. DBecause the great evaporation
(carried on through the wet summer)
reduces the temperature of the earth

lower than wusual, and produces cold.
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Q. Why is England WARMER than it used
to be, when AGUES were common ? _

A. Because it is better drained, and
better cultivated.

Q. Why does DrAINING land promote

WARMTH ? _
A. Because it diminishes evaporation ;

in consequence of which, less heat 1s
abstracted from the earth.

Q. hy does cultivation increase the
WARMTIL of a country?

A. 1st—Because hedges and belts of
trees are multiplied :

2ndly—The land 1s better drained ; and

Srdly—The vast forests are cut down.

Q. Why do nuEpGES and BELTS of TREES
promote WARMTH ?

A. DBecause they retard evaporation,
by keeping off the wind.

Q. If belts of trees promote WARMTH, why
do forests produce COLD?

A. Ist—DBecause they detain and
- condense the passing clouds. :

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

drdly—The soil of forests 1s always




168 EFFECTS OF HEAT. "'

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 1oNG @RASS and ROTTING

LEAVES promote COLD ? .
A. DBecause they are always damp :

and the evaporation which they promote,
15 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
draimed and cultivated.

Q. What becomes of the WATER of PONDS
and TUBS wn summer-time ?

A. DPonds and tubs are often left dry
1 summer-time, because their water 1is
evaporated by the avr.

How is this EVAPORATION PRODUCED

and carried on? _
A. The heat of the air changes the

surface of the water wnto vapour, which
(blending with the air) 1s soon wafied
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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 ts mould HARDENED by the sUN ?

A. Because the moisture of the
mould 1s exhaled by evaporation ; and,
“as the earthy particles are brought closer
together, the mass becomes more solid.

Q. Show the wisdom of God in this arrange-
ment,

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 ?

A. Because evaporation is increased
by increasing the swrface; and, as tea in
a saucer presents a larger surfuce to the

Q
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air, 1ts heat is more rapidly carried off

by evaporation.

The subject of ¢ convection” will be treated of in a future chapter;
it would be scarcely understood in this place. See p. 238.

Q. Whysnot the VAPOUR of the SEA SALT?
A. Because the salt of the sea-water

1s always left behand, in the process of
evaporation.

W hat isthat WHITE CRUST, which appears
(2n hot weather) upon CLOTHES wetted by sea-water ?

A. Dry salt, left on the clothes after
the water has evaporated.

Q. Why does this WHITE CRUST always DIS-
APPEAR 27 WET weather ?

A. Because the mowsture of the air
dissolves the salt; 1n consequence of
which, 1t 1s no longer visible.

Q. Why should Nor persons, who take vio-
lent exercise, wear very THICK CLOTHING ?

A. Because it prevents perspiration
from evaporating. When the heat of the
body is increased by exercise, perspiration
reduces 1t again (by evaporation) to a
healthy standard: as -thick clothing
prevents this evaporation, 1t 1s injurious
to health.
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CHAPTER XIII.

COMMUNICATION OF HEAT.

1.—CONDUCTION.

. How 1is heat COMMUNICATED from one
body to another ? _
A. 1.—By Conduction. 2.—By Ab-

sorption.  3.—DBy Reflection. 4.—DBy

. Radiation. And 5.—DBy Convection.

Q. What is meant by coNDUCTION of heat ?

A. Heat communicated from one
body to another by actual contact.

Q. Why does not a PIECE of WoOD (blazing
at ONE end) feel HOT at the OTHER ?

A. DBecause wood is so bad a conduc-
tor, that heat does not traverse freely
hrough 1t: hence, though one end of

a stick be blazing, the other end may be

| qmte. cold.

Q. Why do some things feel COLDER, than

- others?

A. Prmcipally because they are better
Q2
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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.

Which metals are the most BAPID CON-
DUCTORS of heat ?

A. The best conductors of heat are
1—gold, R—silver, 3—copper:

The next best are, 4—platinum, 5—
iron, 6—zine, 7—tin: Lead 1s a very
inferior conductor to any of the pre-
ceding metals.

. What are the worst conductors of heat ?

A. All light and porous bodies ; such

as hair, fur, wool, charcoal, and so on.

Two of the worst conductors known are hare’s fur and eider
down ;—the two next worst are beaver’s fur and raw silk; then
wood and lamp-black ;—then cotton and fine lint; then charcoal,
wood ashes, &e.

Q. Why are cooking vessels often furnished
with WOODEN HANDLES ?

A. Because wood 1s mot a good
conductor, like metal; and, therefore,
wooden handles prevent the heat of the
vessel from rushing into our hands, to
burn them
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Q. Why is the HANDLE of @ METAL TEA-
POT made of WOOD ?

A. Because wood 18 a bad conductor ;
therefore, the heat of boiling water 1s
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 @ WOODEN ONE,

A. If we touch .the metal collar into
which a wooden handle 1s 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 become as hot as the kettle
itself, 1t would never feel so hot.

Q. Why would not the lkettle-holder FEEL
s0 hot as the kettle, when both are of the same
temperature ?

A. Becauseitis 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 mflux 1s painful.

Q. Why does HOT METAL jfeel MORE -
tensely warm, than HOT WOOL ?

A. DBecause metal gives out a much
greater quantity of heat in the same space
of time; and the wnflur of heat is, con-
sequently, more perceptible.

Q. Why does MONEY in our pocket feel
very HOT, when we stand before a FIRE?

A. Because metal 1s an excellent
conductor, and becomes rapidly heated :
Ior the same reason, it becomes rapidly
cold, whenever it comes in contact wuth
a substance colder than utself.
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Q. Why does a PUMP-HANDLE feel intensely
COLD IN WINTER ?

A. Because 1t 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 itself ?

A. No: every inanimate substance
(exposed to the same temperature) pos-

sesses in reality the same degree of heat.

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

A. Merely because won is a Dbetter
conductor ; and, therefore, draws off heat

from the hand more rapidly than wood.

Q. Why does a polished marble nEARTH feel
to the feet COLDER than a carpet or hearth-rug ?

A. Chiefly because the surface of
polished marble allows of a very close
contact; and every point in contact draws
| off heat, till the whole marble is as warm
~ as the foot resting on it.

. Stone, marble, and glass, are by no means good conductors, for
. one part of them may be heated, while another part remains cold.

Q. If polished marble is a BAD conductor,
why does it DIFFUSE heat ?

e e . S— it~
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A. Because it is so dense a substance
that its particles lie very close together,
and can therefore, impart heat to each
other far more easily than if the particles
were further apart.

Q. Doesnot 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 1ts loss 1s scarcely perceptible.

Q. Is the cOLD HEARTH-STONE in reality
of the SAME temperature as the WARM CARPET ?

A. Yes; everything in the room 1is
really of one temperature, though some
things feel to the touch colder than
others.

Q. How roNa will @ hearth-stone feel cold
Zo 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 1 the hearth-

stone will go off.
Q. Why would not the HEARTH-STONE feel

COLD, when it is of the same temperature as our
Jeet ?

A. DBecause heat would no longer
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pass from our feet into the hearth-stone, |

in order to produce equilibrium.

Q. When the fire s lighted, why does a
polished MARBLE HEARTH feel HOTTER than the ;
HEARTH-RUG ?

A. Because the polished surface of
the marble allows of a much closer con-
tact than the hearth-rug, so that it pours
heat into the foot from many more points

than the loose woollen pile.

Q. Why does parting with heat RAPIDLY
make @ TEARTH-STONE feel WARM ? :

A. DBecause the rapid mflux of heat :

| raises the temperature of our body so

suddenly, that we cannot help perceiving
the increase.

Q. Why does the mon-conducting power of
a HEARTH-RUG prevent its feeling so HOT as it
really is ?

A. DBecause it parts with its heat so
slowly and gradually, that we scarcely

percewe 1ts transmission into our feet.

Q. When we plunge our HANDS info a basin |
 Of WATER, why does u produce a sensation of cold ? |

A. DBecause water 1s a better conductor
than air; and as it draws off heat from
our hands more rapidly, it feels colder.
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Why does the coNpUCTING power of
water make it feel COLDER than AIR P

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

Q. Is water a coop conductor of heat ?

A. No; liquds are generally bad
conductors of heat; but yet water is a
much betler conductor than arr.

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 s more dense: The
conducting power of any substance de-
pends upon its solidity, or the closeness
of 1ts particles.

Q. How do yow know that WATER is NOT a
GooD conductor of heat ?

A. DBecause 1t may be made to boul
at its surface, without imparting sufficient
heat to melt ice a short distance below
the surface.

Q. Why are not liquids Goop conductors of
heat ¢

e il ’
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A. Because the heat (which should
be transmitted) produces evaporation, and
flies off m the vapour.

Why does @ POKER (resting on a fender)
feel COLDER than the HEARTH-rug, which is

Jurther off the fire? :
A. DBecause the poker 1s an ewcellent

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. Whyarenor 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 :
i consequence of which, a hot brick,
(wrapped mn flannel) will retain its heat
a very long tume.

. Why is a tin pan (filled with HOT
WATER) employed as @ FOOT WARMER ?

\. Because polished tin (being a bad
| radiator of heat) keeps hot a wvery long
time ; and warms the feet resting upon it.

¥ e —— . e &a = amr
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Q. What is meant by being a “bad RADIA-
TOR 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 1its surface, but keeps it wn.

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

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

2ndly—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

What disadvantage would it be, if the
POLISH of the tin were injured ?

A. If the tin foot-warmer were to
lose its polish, 1t would get cold in a_

much shorter time.

Q. Why would a tin foot-warmer get COLD
SOONER ¢f fs POLISH were INJURED ?

A. Because polished tin throws off
heat wvery slowly; but dull, scratched,
painted, or dirty tin, throws off heat very:
quackly. ¥
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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; m conse-
quence of which, they are employed
where great heat 1s required.

Why are FURNACE DOORS, &e., firequently
covered with a paste of CLAY and SAND ?

A. Because 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 1RON ?

A. A stove in the mauddle of a room
should be made of iron ; because iron 1s
an excellent conductor, and rapidly com-
municates heat to the air around.

Q Why does the Bible say, that GobD
“ gweth sNxow like woor?”

A. Because snow (being a very bad
conductor of heat) protects vegetables
and seeds from the frost and cold.

Q. Howdoesthenon-conducting powerof SNOW
PROTEOT VEGETABLES from the frost and cold ?

~ A. 1t prevents the heat of the earth
from being drawn off by the cold air,
| which rests upon it. B
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Why are WOOLLENS and FURS used for
cE’-ﬂﬁamg wn cold weather ?

Because they are wvery bad con-
duﬁtms of heat: and, therefore, prevent
the warmth of our body from being
drawn off by the cold air.

. Do not woollens and furs actuclly M-
PART heat to the body ?

A. No; they merely prevent the
heat of the body from escaping.

Q. Where would the heat BsCAPE to, if our
body were NOT wrapped in wool or fur?

A. Into the air; for cold air (coming
in contact with our bodv) would gradu-
ally draw away its heat, t1ll both were of =
the same temperature. ;

Q.  What s the principal use of CLOTHING
wn winter tvme ?

A. 1st—To prevent animal heat from
escaping too freely: and )
2ndly—To protect our body from the |
,_ external air (or wind), which wmuld carry
| away 1ts heat too rapidly.

| Q. Why are beasts covered with FUR, HAIR,
(! 07 WOOL ? S
I

A. Hecause fur, hair, and wool, are
| very - slow conductors of heat ; a,nd
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dumb animals ecaunot be clad, like human
beings) God has given them a robe of
hair or wool, to keep them warm.

Q. Why are birds covered with DOWN or
FEATHERS !

A. Because down and feathers are
very bad conductors of heat; and (as
birds cannot be ciad, like human beings)
God has given them a robe of feathers,
to keep them warm.

Show how the goodness of God is maini-
fested, even in the clothing of BIRDS and BEASTS.

A. Small birds, which are the most

delicate, have a thicker covering of

feathers, than those which are larger and
more hardy: and beasts which lLive in
the cold regions of the frigid zones have
thicker, coarser, and warmer coats, than
those which dwell 1n the tropical heat.

Q. Why are ¥URS, HAIR, and FEATHERS,
such SLOW conductors of heat?

A. DBecause a great quantity of air
lurks entangled between their fibres;

and air 1s a very bad conductor of heat.

The warmest ciothing is that which fits the body very loosely in
every part except at the extremitics; because more hot air will be
tonfined by a locse garment, than by one which fits the body tightly.

R 2
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. If ATR be a BAD conductor of heat, why
should we not feel as warm WirHouvt clothing, as
when wrapped in wool and fur?

A. Because the air s never at rest ;
and every fresh particle which comes in
contact with our body, carries off a fresh -

portion of heat.

Does the A1r, which surrounds a naked
body, become (by contact) as WARM as the BODY
tself'? \

A. It would do so if it remained
motionless ; but, as 1t remains only a
very short time, it absorbs as much heat
as 1t can 1n the time, and passes on.

Q. Why do we feel COLDER in 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 AIR
@ 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

S
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elt 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 100¢ higher than the
temperature of boiling water, and take no harm. The precaution
must be taken, to have no metal in contact with the person; a
gentleman who once entered a hot-air oven with spectacles on, was
severely burnt; the metal frame became rapidly heated, being a
good conductor, and communicated the heat to his nose,

Could as high a temperature be borne,
when the AIR is in MOTION P

A. No. The effect of the heated air
becomes more intense when 1t 1s in motion,
 because fresh portions are then continu-
ally applied to the surface of our body.

Can all bodies be touched without inconve-
nience, when their temperature is as high as 300° ?

A. No. Metals cause pamn when
their temperature 1s 120°: water scalds
~ When 1ts temperature 1s 150°.

| Q. Why does FANNING one’s face in summer
- make it COOL?

R 3
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A. Because the fan puts the air in
motion, and makes 1t pass more rapidly
over one’s face; and (as the temperature
of the awr 1s always lower than that of
the human face) each puff of air carries
off some portion of its heat. ;

Does FANNING make the air itself cooler? '.

A. No: fanning makes the awr hotter

and hotter.
Q. How does FANNING one’s face increase E
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 1t make a person jfeel COOLER ? |

A. Because 1t takes heat out of the ¥
face, and gives 1t to the air. |

Q. Why is broth cOOLED by BLOWING 7

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 1t, and

makes 1t cooler and cooler. 14
Q.  Would not the air absord heat from broth |
Just as well WiTHOUT BLOWING ? b

L - o
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A. No; air is a very bad conductor ;
unless, therefore, the change be rapid,
that portion of air nearest the surface of
the broth would soon beccme as hot as

the broth itself.
Q. Would not hot air PART with its heat
" instantly to the CIRCUMJIACENT air ?

A. No; not instantly. Airis so bad
a conductor, that it parts with 1its heat
very slowly ; unless, therefore, it be kept
in continual motion, 1t would cool the

broth wvery slowly mdeed.
Q. Why does WIND generally feel coown?
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 in MOTION ?

A. DBecause every fresh portion of air
absorbs a fresh amount of heat ; and the
more rapid the current of awr, the greater
will be the quantity of heat absorbed.

Q. If the air were hotter than our body,
would the WiNp feel cooL?

A. Noj; 1if the air were hotter than
our body, it would feel insufferably warm.
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Q. Why would the air feel unpleasantly
HOT, if 1 were WARMER than our BODY ?

A. Because 1t would add to the heat
of our body, instead of diminishing it.
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.
. Is the BARTH a good conductor of heat ?

A. No; the earth 1s a bad conductor
of heat.

Q. Whysthe earth a BAD conductor of heat?

A. Because 1its particles are not
continuous : The power of conducting
heat depends upon the continuity of
matter.

Q. Why 1is the earth (BELOW the surfuce)
WARMER in winter, than the surface 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 tn summer, than the surface itself ?

h
1
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A. Because the earth 1s 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
EARTH @ BAD conductor.
A. If 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
COO0L, even in swmmer !

A. DBecause the earth 1s so bad a
conductor, that the rays of the sun can
penetrate only a few inches below the
surface ; iIn consequence of which, the
springs of water are not affected by the
heat of summer.

Q. Why is it coon under a SHADY free, in
a hot summer’s day ?

A. Ist—DBecause the overhanging
foliage screens off the rays of the st -

Bndly—-—ﬁs the rays of the sun are
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warded off, the air (beneath the tree)is not
heated by the reflection of the earth : and

srdly—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, &e.)

Q. Why do Laplanders wear SKINS, with
the FUR INWARDS ? '
A. 1st—Becausedryskins preventthe

wind from penetrating to their body; and

2ndly—The air (between the hairs of
the fur) soon becomes heated by the heat
of the body; in consequence of which,
the Laplander in his fur 1s clad in a case
of hot air, impervious to cold and wind.

Q. Why does a LINEN shirt jfeel COLDER

than a CoTTON one? )
A. Because linen 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 coarse 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 s11K a good conductor of heat ?

A. No; 1tis abad 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 1284 seconds, when surrounded by
raw silk ; and in 1305 seconds, when surrounded by eider down,

Q.  Why is owr FACE COOLED by wiping the
temples with a fine cambric handkerchief ?

A. DBecause the fine fibres of the
cambric have a strong capillary attraction
tor motisture, and are excellent conductors
of heat: in consequence of which, the
moisture and heat are abstracted from
our face by the cambric, and a sensation
of coolness produced.

“ Capillary attraction,” i.e. the attraction of a thread or hair,

The wick of a candle is wet with grease, because the melted tallow
runs up the cotton from capillary attraction.

Q. Why would not a corroN handkerchief
do as well 7

A. DBecause the coarsefibres of cotton

H
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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
wnereased (rather than diminished) by the
use of a cotton handkerchief.

CHAPTER XIV.

2. —ADBSORPTION OF HEAT.

. What is the difference between CON-
DUCTING heat, and ABSORBING heat ?

A. To conduct heat, 1s to transmat
from one body to another through »
conducting medium : To absorb heat, is to
" suck it up, as a sponge sucks up water.

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
Leat to the other end.

Are good CONDUCTORS of heat, good
ABSORBERS also ?
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A. No; every good conductor of heat
is a bad absorber of 1t: and mo good

absorber of heat can be a good conductor
also.

Q. Is 1RON @ good ABSORBER of heat ?

A. No; wron 1s a good conductor, but

a very bad absorber of heat.

The power of absorbing heat depends on the nature of the surface
of & body ; thus, bright or polished surfaces will not absorb heat so
readily as rough and black ones.

Q. Why do the PIRE-IRONS (which lie upon
a FENDER) remain COLD, although they are before
a good fire?

A. Because they are bad absorbers
of heat: in consequence of which, they
remain cold, unless they come 1n contact
with the stove or fire.

Q. Why are the FIRE-IRONS infensely HOT,
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.

Why does a xuTTLE boil faster, when
the bottom and back are covered with soor ?

A. DBecause the black soot absorbs
heat very quickly from the fire, and the
metal conducts it to the water. 8
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Q. Why will not @ NEw KETTLE boil so

Jast as an OLD one ?

A. Because the bottom and sides of a
new kettle are clean and bright : but in
an old kettle they are covered with soot.

Q. W hywould a KETTLE BOTIL more SLOWLY,
if the bottom cmd back were clean and bright ?

A. Because bright metal does not ab-
sorb heat, but ?'eﬂects 1t : and (as the heat
18 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.

Why do we wear a BLACK outer DRESS,
tf 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 Zime ?

A. Because white throws off the heat
of the sun by reflection, and is a very bad
absorbent of heat; in consequence of
which) white dresses never become so hot
from the scorching sun, as dark colours do.

Q. Why do NoT persons wear WHITE dresses
in WINTER time {

—_—— e -
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A. Because white will not absorb heat
like black and other dark colours; and,
therefore, white dresses are not so warm as
dark ones.

Q. What cOLOURS are WARMEST for dresses?

A. For outside garments black 1s the
warmest, and then such colours as ap-
proach nearest to black (as dark blue and
green). White 1s the coldest colour for
external clothing.

Q. Why are DARK colours (for external
wear) $o much WARMER than LIGHT ones ?

A. DBecause dark colowrs absorb heat
from the sun more abundantly than light
ones.

Q. How can you prove that DARK colours
are WARMER fhan L1GUT ones ?

A. If a piece of black and a piece of
whate 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
1t at all.

N.B. The darker any colour is, the warmer it is, because it is a
better absorbent of heat, The order may be thus arranged :—1.
Black (warmest of all) —2. Violet.—3, Indigo.—4. Blue.—3.
Green.—6. Red.—7. Yellow : and 8. White (coldest of all),

s 2
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Q. Why are BLACK KID GLOVES unpleasantl,
HOT for swmmer wear ?

A. 1st—DBecause black absorbs the
solar heat: and
2ndly—AKid will not allow the heat of

our hand to escape through the glove.
Why are LISLE THREAD GLOVES agree-
ably cooL for summer wear ?

A. 1st—Because thread absorbs par-
spiration : and

ndly—It conducts away the heat of
our hot hands.

Q. Adre Lisle thread gloves ABSORBENTS of
heat ?

A. Noj; Lisle thread gloves are gene-
rally of a grey or Ulac colowr: and,
therefore, do not absorb solar heat.

Q. Why is @ PLATE-WARMER made of UN-
PAINTED bright tin ?

A. Because bright tin reflects the heat
(which issues from the fire in rays) upon
the meat ; and, therefore, greatly assists

the process of roasting.
Reflects the heat, i.e. throws it back upon the meat.

Q. Why woula not the tin REFLECTOR do

as well, of it were PAINTED ¢

A. Because it would then absorb heat,
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and not reflect it sowell. A plate-warmer
should never be painted, but be kept very
clean, bright, and free from all scratches.

Q. Why should a REFLECTOR be kept so
very CLEAN, and free from all SCRATCHES ?

A. Because, if a reflector were spotied,
dull, or scratched, it would absorb heat,
instead of reflecting 1t ; and, consequently,
would be of no use whatsoever as a
reflector.

Q. Why does HOAR-FROST remain on TOMB-
STONES, long after it has melted from the grass
and gravel-walks of a chwrch-yard ?

A. Because tomb-stones (being white)
will not absorb heat, like the darker grass
and gravel; in consequence of which,
they remain too cold to thaw the frost
congealed upon their surface.

Q. If black absorbs heat, why have those who

live tn HOT climates BLACK skins, and not WHITE
skins, which would not absorb heat at all ?

A. Because black will not blister from
the heat of the sun. Although, therefore,
the black skin of a negro absorbs heat

more plentifully than the white skin of a
8 3
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European ; yet the blackness prevents the

sun from blistering or scorching it.

How 1is it known, that BLACK colour
prevents the sun from either BLISTERING or
BCORCHING the shin ?

A. If you place a white cloth glove over
one hand, and a black cloth one on the
other, (when the sun is burning hot,)
the hand with the white cloth covering
will be scorched, but not the other.

. WaicH hand will FEEL the HOTTER ?

A. The hand covered with black cloth
will feel the hotter, but will not be scorched
by the sun: whereas, the hand covered
with whate cloth (though much cooler) will
be severely scorched.

Q. Why does the BLACK skin of a NEGRO
never SCORCH o0r BLISTER with the hot sun ?

A. Because the black colour absorbs
the heat, and conveys 1t below the surface

of the skin.

Q. Why does the waIiTE European skin BLIS-
TER and SCORCH, when exposed to the hot sun ?
A. Because white will not absorb heat;

and, therefore, the hot sun rests on the
surface of the skin, and scorches it.
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Q. Why has a negro BLACK EYES ?

A. Because the black colour defends
them from the strong light of the tropi-
cal 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) lept
COOLER i7 @ BRIGHT TIN POT than in an earthen

one? _
A. Because bright metal will not

absorb heat from the hot air, ke an
earthen vessel ; 1 consequence of which,
the water 1s kept cooler.

Hoiling water is also kept Aof in bright metal, better than in
enrthen vessels. (See p. 209.)

CHAPTER XV.

3.—REFLECTION OF HEAT.

. What is meant by REFYLECTING heat ?
A. Vo reflect heat, 1s to throw it back
in rays from the surface of the reflecting
body, towards the place whence it came.

Q.  What are the BEsT reflectors of heat ?
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A. All bright swrfaces, and lght

colours.

Q. Are good ABSORBERS of heat good Ri-
FLECTORS also ?

A. No: those things which absorb
heat best, reflect heat worst; and those
which reflect heat worst, absorb it best.

Why are those things which ABSORB
heat, unable to REFLECT it 7

A. DBecause the same heat cannot be
both absorbed and reflected : 1f absorbed
or taken into a substance, 1t cannot also
be thrown off from 1its surface: and if
thrown off from the surface, it cannot
also be, taken into the substance.

Q. Why are REFLECTORS always made of
LIGHT-COLOURED and highly-POLISHED METAL ?

A. DBecause light-coloured and highly-
polished metal makes the best of all
reflectors.

. Why do not plate-warmers blister and
scorch the woop behind 7

A. Because the bright tin front
throws the heat of the fire back again,
and will not allow 1t to penetrate to the
wood behind.
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If metal be such an excellent CONDUCTOK
of heat, how can it REFLECT heat, or throw it off' ?

A. Polished metal 1s a conductor of
heat, only when that heat 1s 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 into a fire
would be m actual contact with that fire ;
but if held before a fire, the heat of the
fire would fall upon 1t 1n rays.

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 XITCHEN COOL?

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 P
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A. Because dull dusty shoes wil
absorb heat from the sun, earth, and air;
but shoes brightly pohshed throw oﬁ’
the heat of the sun by reflection.

1

Q' Why does it always ¥REEZE on the TOP |

of a HIGH mountain ? _
A. 1st—DBecause air is heated by

contact with the earth’s swrface, and not

by solar rays which pass through it : As

a mountam-top affords very small surface
for such contact, 1t remains mtensely
cold ; and

Qndly—When air flows up the side of
a mountain, it expands from diminished
pressure ; and consequently absorbs heat
from surrounding objects.

Rarefied air can hold more latent heat than dense air can.

CHAPTER XVI.

———

4. —RADIATION.

Q. What is meant by RADIATION P
A. TRadiation means the emission of

rays : Thus, the sun radiates both lLight - _.-'
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and heat ; that 1s, 1t emits rays of light
and heat in all directions.

WHEN 48 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 1ncreased; because
the heat has more points to escape from.

Q. Does a fire radiate heat ?

A. Yes; and because burning fuel
emits rays of heat, therefore, we feel warm
when we stand before a fire.

Q. Why does our ¥ACE feel uncomfortably
HOT, when we approach a fire ?

Because the fire radiates heat
upon 1t; and (not being covered) it feels
the etfect 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 heat,
ABSORB heat also ?

A. Yes. Those substances which
radiate most, also absorb most heat : and
those which radiate least, also absorb ihe
least heat.

Does any thing ELSE radiate heat, besides
the sSUN and FIRE?

A. Yes; all things radiate heat in
some measure, but not equally well.

Q. What things RADIATE heat the NEXT
BEST fo the sun and fire?

A. All dull and dark substances are
good radiators of heat: but all light and
polished substances are bad radiators.

. Why should the FLUES (connected with
Arnott’s stoves, §ec.) 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 earbon and iron. 1Itisused chiefly
in black-lead pencils; and hence its name, from the Greek word

Ypapew to write. The black lead used for domestic purposes con-
tains only a small portion of true * graphite.”

Q. Why does a POLISHED metal tea-pot
malke BETTER tea than a black earthen one ?

A. Because polished metal, (being a
very bad radiator of heat) keeps the water
hot much longer ; and the hotter the water
18, the better 1t * draws” the tea.

Q. Why does not a puiL black tea-pot
make good tea ?

A. DBecause the heat of the water
flies off so quickly through the dull black
surface of the tea-pot, that the water is
very rapidly cooled, and cannot ¢ draw”
the tea.

Q. Why do pensioners, and aged cottagers,

generally prefer the little black EARTHEN tea-pot
to the bright METAL one ?

A. Because they set it on the hob
“to draw;” In which case, the little
black tea-pot will make the best tea.

Q.  Why will a BLACK tea-pot make better

tea than a bright METAYL one, if set upon the HOB
to DRAW ?

A. DBecause the black tea-pot will
¢
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absorb heat plentifully from the fire, and
keep the water hot: whereas, a bright
metal tea-pot (set upon the hob) would
throw off heat by reflection.

Then sometimes a BLACK EARTHEN fea-
pot is the best, and sometimes a bright metal one ?

A. Yes; when a tea-pot 1s set on the
hob ““to draw,” black earth 1s the best,
because 1t absorbs heat : But, when a
tea-pot 1S not set on the hob, bright
metal 1s the best; because 1t radiates
heat very slowly, and therefore keeps the

water hot.
Q. Why does a SAUCEPAN, which has been
USED, boil in a shorter time than a NEW one ?

A. Becanse the bottom and back are

covered with soot : and black soot rapidly
absorbs heat from glowing coals.

Q. Why should the FrRONT and LID of a
SAUCEPAN 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 most QUICKLY ?

1
)
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A. All those parts, which come in
contact with the fire, should be covered
with soot, 1n order to absorb heat; but all
the rest should be as bright as possible to
prevent the escape of heat by radiation.

Why s it said that “ SATURDAY’S KET-
TLE boils the FASTEST ?” |

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 woT the BoTTOM and BACK
of a kettle be clean and polished ?

A. Because they come i contact with
the fire, and (while they are covered with
black soot) absorb heat freely from the
burning coals.

Q. Why should the ¥roNT and TOP of a
kettle be clean and well polished ?

A. Because polished metal will not
radiate heat; and, therefore, (while the
front and top of a kettle are well polish-
ed) the heat s kept in, and not suffered
to escape by radiation.

Q. Why does the BorTOM Of @ kettle Sfeel
nearly cold when the water is boiling Hom P
T 2
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A. Because black soot is a very bad
conductor of heat; and, therefore, the
heat of the boiling water is some time
before it gets through the soot, which ad-
heres to the bottom of the ketile.

Q. Why is the 11D of @ KETTLE tntensely
HOT, when the water boils ?

A. Because the bright metal hd is
an admarable conductor ; and, therefore,
heat from the botling water pours into our
hand the moment we touch it.

Q. Show the benefit of SMOKE in COOKING.
A. The carbon ol the fuel (which

flies off in smoke) naturally blackens all
culinary vessels set upon a fire to boil,
and thus renders them fit for use.

“Culinary vessels' are vessels used in kitchens for cooking, as
saucepans, boilers, kettles, &c., from the Latin word * Culi’na,”
(@ kitchen).

Q. How does sMOKE make culinary vessel
FIT for 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. Whyis boiling water kept HOT 1n a bright
METAL pof, better than in an earthen vessel ?

A. Because bright metal (being a
bad radiator) will not throw of 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 1t 18 the bright polish of
the metal, which makes it a bad radiator ;
and 1if 1t were dull, scratched, or durty,
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. Becaunselight-coloured and highly-
polished metal 1s 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 wvery
brightly POLISHED P

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
mto the room. a8
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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.

W hat is DEW ?

A. Dew 1s the vapour of the air con-
densed, by coming 1n contact with bodies
colder than itself.

Q. Why isthe 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 1s chilled,
by contact, and condensed into dew

Q. Why s the earth COLDER than the AIR,
after the sun has set?

A. Because the earth radiates heat
very freely, but the air does not; in
consequence of which, the earth is often
5 or 10 degrees colder than the air (after
sunset) ; although 1t was much warmer
than the air, during the whole day.

. Why is the earth WARMER than the AIR,
during the day ?

A. Because the earth absorbs solar

heat very freely, but the air does not; 1in
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consequence of which, it is 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
nicht, the clouds arrest the process of
radiation.

Q. Why is pEW 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 air into

dew.
Q. Why is there no pEW on a dull cLoupy
night ?

A. Becausecloudsarrest the radiation
of heat from the earth ; and (as the heat
cannot freely escape) the earth’s surface
18 not sufficiently cooled down, to con-

dense the vapour of the air into dew.

Q- Why is a cloudy night WARMER than a
Jine one ?
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A. Because clouds prevent the radia-
tion of heat from the earth; in conse-
quence of which, the surface of the earth

remains warmer.
Q. Why is DEW most abundant in situations
most TXPOSED ?

A. Because the radiation of heat s
not arrested by houses, trees, hedges, or

any other things.

Q. Why is there scarcely any DEW under a
TREE when in full foliage ?

A. 1st—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 leaty
tree 1s not sufficiently cooled down, to
chill the vapour of the air into dew.

. Why is there never much DEW at the
foot of WALLS and HEDGES ?
A. 1st—Because they act as screeus,

to arrest the radiation of heat from the
earth : and

2ndly—They themselves radiate some
portion of heat towards the earth: m
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consequence of which, the ground at the
foot of walls and hedges is not sufficiently
cooled down, to condense the vapour of

the air into dew.

Q. Why is there little or NO DEW beneath a
FLOWER-AWNING, although that awning be open
on all four sides?

A. 1st—DBecause the awning arrests
the radiation of heat from the ground
beneath : and

andly—It radiates some of its own
heat downwards; 1n consequence of
which, the ground beneath an awning 1s
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 P

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 1n contact with them.
Bass, pronounce bas—a kind of matting used by gardeners.

Q. Whyisthe BASS or CANVASS itself (which
covers a tree) always drenched with DEW ?
A Because 1t radiates heat both wup-
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wards and downwards ; in consequence
of which, 1t 1s so cooled down, that 1t
readily condenses the vapour of the air
mto dew.

Q. Why does SNOW (at the foot of @ HEDGE
or WALL) melt sooner than thaé in an open field ?

A. Because hedges or walls radiate
heat wnto the snow, which melts it.

Q. Why is there X0 DEW after & WINDY
NIGHT ? -

A. DBecause wind evaporates the mots-
ture, as fast as 1t 1s deposited.

Q. Why are VALLEYS and HOLLOWS often

thickly covered with DEW, although they are
sheltered ?

A. DBecause surrounding hills prevent
the repose of air from being disturbed ;
but do not overhang and screen the valleys
sufficiently to arrest radiation.

Q. Why does DEW fall more abundantly on
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. Wmuar kind of things radiate heat most
FREELY ?

A. Grass, wood, and the leaves of
plants, radiate heat wvery jreely; but
polished metal, smooth stones, and
woollen cloth, part with their heat very
tardily.

Do the leaves of ALL plants radiate heat
EQUALLY well ?

A. No. Rough woolly leaves (like
those of a holly-hock) radiate heat much
more freely, than the hard smooth polished
leaves of a common laurel.

Shew the wispoMm of Gop in making
grass, the leaves of trees, and ALL VEGETABLES,
excellent radiators of heat.

A. As vegetables require much mous-
ture, and would often perish without a
plentiful deposit of dew, God wisely made
them to radiate heat freely, so as to con-
dense the vapour (which touches them)
wnto dew.
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Q. Will polished METAL, smooth STONES, arnd
woollen CLOTH, 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. DBecause 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 thern.

Q. Why is a gravel walk almost DRY, when
a grass plat vs thickly covered with pEw ?

A. DBecause grass is a good radiator,
and throws off its heat very freely ; but
gravel 1s a bad radiator, and parts with
its heat slowly.

Is that the reason why GRASS 1s saturated
with DEW, and the gravel is NOT ?

A. Yes. When the vapour of warm
air comes 1n contact with the cold grass,
it 1s instantly deposited as dew; but it
18 not so freely condensed, as 1t passes
over the warmer gravel.
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Q. Why is DEW rarely distilled upon hard
roclks and barren lands ? d
A. Because rocks and barren lands

are so compact and hard, that they can
neither absorb nor 1'ad1ate much  heat :
and (as their temperature varies wvery
litile) very little dew distils upon them.

Why does DEW fall more abundantly on
cultivated soils than on barren lands ?

A. Because cultivated soils (being
loose and porous,) very freely radiate by
night, the heat which they absorbed by
:id,} in consequence of which, they are
Imu,h cooled down, and plmltlfully condense
the vapour of the passing air into dew.

Q. Shewthe wispoM of God in this arrange-

ment.
A. Every plant and each portion of

land, which nceds the moisture of dew,
1s adapted to collect it; but not a single
drop 18 wasted, where 1its refreshing
moisture 1s not required.

Q. Shew the wispoMm of GoD in making

polished metal and woollen cloth BAD RADIATORS
of heat.

A. If pohished metal colleeted dew as

U
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casily as grass, 1t could never be kept dry

‘and free from rust. Again, if woollen

garments collected dew as readily as the
leaves of trees, we should be often wet,
and subject to the risk of “ taking cold.”

Q. Shew how this affords a beautiful illus-
tration of GIDEON’S MIRACLE, recorded in the
book of Judges, V1. 37, 38.

A. The fleece of wool (which is a
very bad radiator of heat) was wet with
dew: when the grass (which 1s a most
excellent radiator) was quite dry.

Q. Was not this CONTRARY fo the laws of

nature ? :
A. Yes: and was, therefore, a plamn

demonstration of the power of God, who
could thus change the very nature of
things at his will.

Q. Why do our CLOTHES feel DAMP, after
walking in a fine evening in SPRING or AUTUMN !

A. Because vapour (condensed by
the cooling of the air) is deposited upon

them, like dew.

W hy are WINDOWS often covered withthick
MIST, and the frames wet with standing WATER ?

A. Because the temperature of the
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external air always falls at sun-set, and
chills the window-glass, with which 1t

comes 1n contact.

Q. How does this account for the MIST and
WATER on a window 7
A. As the warm vapour of the room

touches the cold glass, 1t 1s chilled and
condensed into mist ; and the mist (col-
lecting into drops) rolls down the window-
frame 1n hittle streams of water.

Q. Why does the GrAss of a window COOL
down more rapidly, than the awr of the room itself?

A. Decause the air of the room is
kept warm by fires, and amimal heat ; n
consequence of which, 1t suffers very
fattle dimimution of heat from the setting

.of the sun.

Q. Whence arises the VAPoUR of a room ? -

A. 1st—The awr of the room itself
naturally contains vapour :

Andly—The breath and wnsensible per-
spiration of the inmates wncrease this
vapour : and

3rdly—Hot dinners, the steam of tea,

and so on, increase it still more.
; U2
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f Q. ?”mﬂt us meant by ‘“ INSENSIBLE perspi-
ration

A. From every part of the human
body, an insensible and inwisible perspira-
ton 1ssues all night and day; not only
in the hot weather of summer, but also
in the coldest day of winter.

Q If the perspiration be both INSENSIBLE
and INVISIBLE, how is it known that there 18 any
such perspiration ?

A. If you put your naked arm into
a clean dry glass tube, the perspiration
will condense on the glass, like mist.

Why are carriage windows wvery soon
covered with thick MIsT?

A. Because the warm vapour of the
carriage 1s condensed by the cold glass,
and covers 1t with a thick mist.

Q. Why is the glass window coLD enough
to condense the vapour of the carriage ?
A. Because the wmside of the carriage

1s much warmer than the outside ; and
the glass window is made cold by contact
with the external air.

Q. Where does the WARM wvapour of the

carriage come from 7

A  From the warm breath and
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insensible perspiration of the persons
riding 1 1t.

Q. What is the cause of the pretty FROST-
WORK, seen on bed-room windows in winter time ?

A. The breath and insensible perspi-
ration of the sleeper (coming in contact
with the ice-cold window) are frozen by
the cold glass; and form those beautiful
appearances seen In bed-rooms on a
winter's morning.

Why is the GLASS of a window colder
than the WALLS of a room 7

A. Because glass 1s so excellent a
radiator, that 1t parts with its heat more
rapidly than the walls do.

Q. Why is @ TUMBLER of cold WATER
made quite DULL with must, when brought into a
room full of people?

Because the hot wvapour of the
room 18 condensed upon the cold tumbler,
with which it comes in contact; and is
changed from the invisible and gaseous
form, into that of a thick maist.

Q. Why is a GLASS made quite DUTLL, by

laying a hot hand wpon it ?
v 3
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A. DBecause the perspiration from the
hot hand 1s 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. Decause the hot vapour of the
room (coming in contact with the cold
wine-glasses) 1s condensed upon them,
and covers them with moisture, like dew.

Why does this misty appearance GO OFF,
after a little time ?

A. DBecause the glass becomes of the
same temperature, as the awr of the room ;
and will no longer c¢hill the vapour which
touches 1t, and condense 1t into mast.

Q. Why is a WINE-GLASS (which has been
brought out of a cellar into the AIR) covered with
a thick MIST in summer time ?

A. DBecause the vapour of the hot
air 1s condensed 1nto a thick must, by
contact with the cold glass.

. Why does BREATHING on a glass make
it quite dull?

A. DBecause the vapour of the hot
breath 1s condensed by the cold glass,
and covers it with a thick mst.
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Q. Why are the walls of a house covered
with WET in @ sudden THAW ?

A. Because they are thick, and can-
not change their temperature so fast as
the air; in consequence of which, they

retain their cold, after the thaw has set 1n.
How does “RETAINING thewr COLD”
account jfor their being so wet?

A. As the vapour of the warm air
touches the cold walls, 1t 18 chilled and
condensed 1mto 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. DBecause 1ts walls are much
thicker; and (if the frost has penetrated
far into the bricks) they will be some time
before they are reduced to the same tem-

perature as the aur.

Q. Why are BALUSTERS, §ec., DAMP after a
THAW P

A. Because they are made of some
very close-grained varnished wood, which
cannot change 1ts temperature, so fast as
the air.

Balusters—corruptly called banisters.
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_ How does this account for the balusters
being DAMP P

~A.  Because the vapour of the warm
air 18 chilled by contact with the cold
balusters, and condensed into water upon

them.
Q. Why is the BREATH visible in WINTER
and not in SUMMER ?

A. DBecause the mtense cold of win-
ter condenses our breath into wisible
vapour ; but in summer, the air is not
cold enough to do so.

Q. Why is ouwr WAIR, and the brim of our
HAT, often covered with little drops of pearly dew
wn winter time ¢

A. DBecause our breath is condensed
as soon as 1t comes in contact with our
cold hair or hat; and hangs there in
little dew-drops.

W hy does the STEAM of a railway boiler
often pour down, like fine rain, when the steam is
“let off 2"’

A. Because in cold weather, the

steam from the chimney is condensed by

the ehill air, and falls like fine ran.

Q. Why is there 1Ess dew when the wind
1§ EASTERLY, than when the wind ts WESTERLY ?
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A. Because easterly winds cross the
continent of Hurope, and (as they pass
- over land) are dry and arid : But westerly
winds cross the Atlantic Ocean, and (as
they pass over water) are moust and full
of vapour.

How does the DRYNESS of an easterly
 wind PREVENT dew-falls ?

A. As easterly winds are very dry,
they ¢mbibe the moisture of the air; in
consequence of which, there 1s very litle
left to be condensed into dew.

How does the MOISTNESS of a westerly
wind PROMOTE dew-falls ?

A. As westerly winds are saturated
with wvapour, they require very little
reduction of heat to cause a copious
deposition of dew.

Q. When is dew most COPIOUSLY deposited ?

A. After a hot day in summer or
autumn, especially if the wind be westerly.

Q. Why is dew distilled most coPIOUSLY
after a moT day ?

A. DBecause the surface of the hot
earth radiates heat very freely at sun-set;
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and (being made much colder than the
awr) chills the passing vapour, and con-
denses 1t into dew.

Does not AIR radiate heat, as well as
the EARTH and its various plants ?

A. No; the air never radiates heat ;
nor is 1t made hot by the rays of the
sun. |

Q. How is the air made BOT or COLD ?

A. By convection of hot or cold
currents.

Q. Explain this.

A. Air which 1s heated by contact
with the earth’s surface ascends, and
colder comes into its place, to be in its
turn heated 1 the same way ; this process
1s repeated, until there no longer remains

any cold air to be made warm.

. How 1s 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 MEAT very subject to TAINT, if
exposed on a clear moon-light night ?
A. Because on a clear mght 1t will

radiate heat very freely; and, conse-
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quently, be wet with dew, which favours
rapid putrefaction.

. How do MOON-LIGHT nights conduce to
the rapid growth of plants ?

A. Radiation 1s carried on very
rapidly on bright moon-light nights;
consequence of which, dew 1s very plen-
tifully deposited on young plants, which
conduces much to their growth and
vigour.

Q. Why is evening dew INTURIOUS fo health?

A. DBecause 1t 1s always laden with
noxious exhalations from the earth ; espe-
cially in marshy countries.

. 1Is HONEY-DEW a similar thing to dew?

A. No. Honey-dew is a sweet Liquid,
shed by a very small nsect (called the
aphis), and deposited in autumn on the

under surface of favourite leaves.
Frequently on lime trees, in the spring also.

Q. Does honey-dew INJURE leaves, or do
them good ?

A. It mjures them very much, by
fillng the pores with a thick clammy
liquid; in consequence of which, the

leaf can neither transpire, nor absorb its
needful food.
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Q. What E¥rior has honey-dew upon the
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, i order to obtain it.

Q.  What is the cause of MIST (or earth-fog) ?

A. If the night has been very calm,
radiation of heat from the earth has been
very abundant ; in consequence of which,
the awr (resting on the earth) has been
c¢halled, and its vapour condensed into a

thick mast.
Q. Why does not the mist become DEW ?

A. Because the chill of the air is so
rapid, that vapour is condensed faster
than 1t can be deposited ; and, (covering
the earth mm a mist) prevents any further
radiation of heat.

When the earth can no longer radiate

heat upwards, 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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with the surface of the earth itself; for
which reason, the mist is not condensed
into dew, but remains floating above the
earth as a thick cloud.

Q.  This mist seems to rise higher and higher,
and yet remains quite as dense below as at first.
Eazplain the cause of this.

A. The air resting on the carth is
first chilled, and slowly mixing with the
air above, condenses 1t also into mist
likewise ; and as layer is thus added to
layer, the mist seems to be rising, when
(in fact) it 1s only deepening.

Q. Why does mist and dew VANISH, as the
SUN rises ?

A. DBecause the air becomes warmer
after sun-rise, and absorbs the vapour.

Q. Why is @ DEW-DROP ROUND ?

A. Because every part of it is equally
balanced : and, therefore, there is no
cause why one part of the drop should be
further from the centre, than another.

Q.  Why is a pEW-DROP (0n @ broad leaf)
sometlvmes FLATTENED ?P

A. Because two or more drops of dew

roll together, and make one large spheroid
(or flattened drop.) s
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Q.  Why will dew-drops ROLL about cabbage

plants, poppies, §e., without wetting the surface ?
Because the leaves of cabbages

and poppies are covered with a very fine
waxen powder, over which the dew-drop
rolls without wetting the surface, as a
drop of rain over dust.

Q. Why does not a drop of rain WET tle
DUST over which it rolls ?

A. DBecause dust has no affinity for
water ; and, therefore, repels it.

Why does not a dew-drop WET the POW-
DER of cabbage-plants ?

A. Because the fine powder, which
covers cabbage-leaves, has no affinity for
water ; and, therefore, repels it.

Q. Why will dew-drops ROLL over a ROSE, §c.
without wetting the petals 7

A. Because the leaves of a rose
contain an essenfial oil, which has no
affinity for water ; and, therefore, repels 1t.

Why can SWANS and DUCKS dive under
water without being WETTED ?

A. Because their feathers are covered
with an ouly secretion, which has no
affinity for water; and, therefore, repels 1t.
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Why are currents of air from the land
COLDER than those blowing over water ?

A. Because the earth radiates heat
after sun-set more freely than water;
consequently, air which comes in con-
tact with the land 1s colder than that

which comes 1n contact with water.

For other questions respecting land and sea breezes, see Chapter
XXII., page 300.

Why is not awr, which passes over water,
80 COCL as that which passes over land ?

A. Because water does not cool down
at sun-set, so fast as land does: and,
therefore, the air in contact with it
remains warmer.

Q. Why does not WATER cool down so fast
as LAND ?

A. Ist—DBecause the surface of water
1s perpetually changing ; and, as fast as
one surface 1s made cold, another is pre-
sented : and

2ndly—When water is made cold 4t
siks, and warmer portions of water rise
to occupy its place: before, therefere,
the surface of water is cooled, the whole
volume must be made cold ; which is not
the case with land. X 2
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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 into the warm streets,
forcing back the smoke in a mass towards
the earth.

Q. Why are there not 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 1s not saturated,

1t may be cooled without parting with 1ts
vapour.

Q. When do fogs occur at night ?
A. When the air is saturated wuth

vapour during the day. When this 1s
the case, 1t 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. Why is there very often a fog over

MARSHES and RIVERS, al mgkt—tzma 7
A. Because the alr of marshes 1s

-
e S
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almost always near saturation; and,
therefore, the least depression of tempera-
ture will compel 1t to relinquish some
of 1ts moisture in the form of dew or
fog.

Q. What is the DIFFERENCE between dew

and rain 7
A. In dew, the condensation 1s made

near the earth’s surface.
In rain, the drops fall from a consid-
erable height.

What is the cAUSE of both dew and rain ?

A. Cold condensing the vapour of
the awr, when near the point of satura-
tion.

Q.  Why do mist and fog VANISH at sun-rise ?

A. DBecanse the condensed particles
are agamn changed into wnvisible vapour
by the heat of the sun.

Q. What s the difference between a MIST
and a FOG ?

A. Misr is generally applied to
vapours condensed on marshes, riwvers,
and lakes.

Foa is generally applied to vapours

X 3
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condensed on land ; especially if those
vapours are laden with smoke.

Q.  What is the reason why condensed vapour
sometvmes forms into CLOUDS, and sometimes into
FoG ?

A. If the surface of the EARTH is

hotter than the incumbent air, the vapour
of the earth is chilled by the cold air,
and becomes Foac: DBut if the AR is
hotter than the earth, the vapour rises
through the air, and becomes cr.ouD.

Q. If cold air produces fog, why s it not

Joggqy on a FROSTY MORNING ?

A. Ist—DBecause less vapour is formed
on a frosty day : and

ndly—The vapour is frozen upon
the ground, before 1t can rise from the

earth ; and becomes HOAR-FROST.

Q. Why are fogs more general in AUTUMN,
than wn spring ?

A. lst—DBecause the air in spring is
generally much drier than m autumn;
in consequence of which, it is not so
near the point of saturation : and

2ndly—The earth in spring is not so
hot, as it is in autumn; in consequence
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of which, its vapour is not chilled into

fog, as 1t rises into the air.
Q. Why are fogs more common in VALLEYS,

than on hills ? :
A. 1st— Because valleys -contain

more moisture than hills; and

2ndly — They are not exposed to sufli-

cient wind, to dissipate the vapour.
. How does WIND dissipate jogs ?

A. FEither by blowing them away ;
or else by dissolving them into wapour
again.

Q. What is BOAR-FROST ?

A. There are two sorts of hoar-frost :
1.—FrozeN DEw: and 2. —I'ROZEN FoG.

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 1s so cooled down, that 1t freezes
the dew condensed upon it.

Q. Why is hoar-frost seen only after a very
CLEAR night 7

A. DBecause 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
is not frozen ?

A. DBecause 1t 1s not the effect of cold
in the awr, but cold on the surface of the
earth (produced by excessive radiation),
which freezes dew into hoar-frost.

Q. Why is the hoar-frost upon GRASS and
VEGETABLES smuch 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:
i consequence of which, more vapour 1s
condensed and frozen there.

Q. Why is the AIR (resting on the surface of
the earth) colder than that in the HIGHER regions ?

A. Because the earth radiates more
heat than the leaves of lofty trees; and,
therefore, more rapidly condenses and
freezes the vapour of the air.

Why are evergreens often FROST-BITTEN,
when lofty trees are NOT?
A. Because they do not rise far above
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the surface of the earth; and (as the air
contiquous to the earth 1s made colder by
radiation, than that in the higher regions)
therefore, the low evergreen 1s often frost-
bitten, when the lofty tree 1s uninjured.

Q. Why s there little or no hoar-frost
ander SARUBS and shady TREES P

A. 1st—DBecause the leafy top arrests
the process of radiation from the earth.
2ndly—Shrubs and trees radiate heat
towards the earth; and, therefore, the
ground beneath 18 never cold enough to
congeal the httle dew deposited there.
Why is there more HOAR-FROST along

the shady margin of @ HEDGE than in the open
Jield, as the day advances ?

A. 1st—DBecause the shade of the
hedge prevents the dissipation of the
hoar-frost by the sun: and

2ndly—DBecause the hedge screens off
wind and prevents the repose of the awr
being disturbed.

Q. What is the cause of that hoar-frost,
which arises from FROZEN F0OG?

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.

—_———a

CHAPTER- XVIL

—

5. —CONVECTION.

Q. Whatis meant by the CONVECTION of heat ?

A. Heat communicated by- being
carried to another thing or place; as
the hot water rising from the bottom of a
kettle, carries heat, upward 1n its ascent.
(see p. 252.)

Q. Adre liguids good CONDUCTORS of heat ?

A. No; lhquds are bad conductors ;
and are, therefore, made hot by con-
vection.

Q. Why are liguids bad conductors of heat ?

A. DBecause their particles (upon
every change of temperature) are put
mmto motion, and do not remain suffi-
ciently long in contact with each other to
conduct heat progressively, like a bar of
1ron.
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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
econtinually ascend, without having time to impart heat to the
particles below.

Q. Ezplain how water is made HOT.

A. The water nearest the fire 1s first
heated, and (being heated) rises to the
top ; 1ts place 1s supplied by colder por-
tions, which are heated i turn, and this
interchange continues till all the water 1s
boiling hot.

Q. Why 1s water in such continual FER-
MENT, when it 18 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.

How do these two currents PAss each other ?

A. The hot ascending current rises

up through the centre of the mass of water;

while the cold descending currents pass
down by the metal sides of the kettle.

For other questions upon the subject of boiling water, see from
page 115 to 223,

Q. Why is heat applied to the BOTTOM,
and not to the top of the kettle?

A. Because the heated water always
ascends to the surface ; if, therefore, heat




240 CONVECTION,

were applied to the top of a vessel, the
water below the surface would never be

heated.

Q. As the lower part of a grate is made
RED-HOT by the fire above, why would not water
boil if’ fire were applied to the ToP of a kettle ?

A. The won of a grate is an excellent
conductor ; 1if, therefore, one part be
heated, the heat i1s conducted to every
other part: But water 1s a very bad con-
ductor, and will not diffuse heat in a
similar way.

’ tQ Prove that water is @ BAD conductor of
eat.

A. When a blacksmith immerses his
red-hot 1ron 1n a tank of water, the water
which surrounds the iron is made boiling
hot, while that below the surface remains

quite cold.
. If' you wish to cool liquids, where should
the cold be applied ?

A. To the top of the liquid : because
the cold portions will always descend, and
allow the warmer parts to come in con-
‘act with the cooling substance.

Q. Does BOILING water get hotter by being
KERT on the five ?
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A. No:—notif the steam be suffered
to escape.

. Why does not boiling water get HOTTER
if the steam be suffered to escape?

A. Because the water 18 converted
imto steam, as fast as 1t boils; and the
steam carries away the additional heat.

Q. Why does sour keep hot longer than
boiling water ?

A. DBecause the grease and various
ingredients floating n the soup, retard
the ascent of the hot particles, and pre-
vent their rising so freely to the surface.

Q. If you want to keep water HOT for a
long time, how could it be done ?

A. By adding a lttle starch or flour
to the water.

Q. Why would a little sTarcH, added to
boiling water, serve to keep it hot ?

A. Because 1t would retard the ascent
of the hot particles, and prevent their
reaching the surface of the water.

Q. Why do thick milk, rice milk, &e., re-
main HOT longer than water ?

A. DBecause the ascent of the hot
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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 1s wnwistble; but when it
comes 1n contact with the air, and is con-
densed into small drops, 1t becomes visible.

Q. How do you know that steam is INVISIBLE ?

A. If you look at the spout of a
boiling kettle, you will find that the
steam (which issues from the spout) is
always invisible for about half an inch;
atter which, 1t becomes wvisible.

Q. Whyis the steam invisible for half an inch ?

A. Because the air is not able to
condense 1t, as 1t first issues from the
spout ; but when 1t spreads and comes in
contact with a larger volume of air, the
. wnwisible steam 1s readily condensed into
£ vistble drops.

j Q. Why do steam-engines sometimes burst ?

A. Because steam 1s very elastic;
0 and this elasticity increases in a greater
i i proportion than the heat which produces
1t : unless, therefore, some vent be freely
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allowed, steam will burst the vessel which

confines 1t.
Q. Is air a good CONDUCTOR ?

A. No: awris 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 1s made

hot first, and rises ; cold avr then descends,
1s heated, and ascends in like manner;
and this interchange goes on, till all the

air of the room 1s warmed.
Q. Whyare fires placedontheFLOOR of a room ?
A. Because heated air always ascends.
If, therefore, the fire were not near the

floor, the air of the lower part of the room

would never be heated by the fire at all.

Q. If you take a poker out of a fire, and hold
the hot end DOWNWARDS, why is your hand
scorched with heat ?

A. Because the hot end of the poker
heats the air around 1t; and this hot air
(in 1ts ascent) scorches our hand.

Q. How should a RED-HOT poker be carried,
80 as not to burn our fingers ?

A. With the hot end wpwards; for
then the air (heated by the poker) would
not pass over our hand and scoreh it.
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Q.  Of what ts atmospheric ATR composed ?

A. Prmcipally of two gases, owiygen
and mnitrogen ; mixed together in the
following proportion : viz. one gallon of
oxygen, to four of nitrogen.

It must not be forgotten that the air contains small quantities of
other gaseous substances also, as vapour of water, carbonic acia
and ammonia.

Q. What do you mean by a Gas ?
A. A permanent elastic flud, resem-

bling air.
N.B.—MOST GASES ARE INVISIBLE AND TRANEPARENT, LIKE AIR.

“PERMANENT.”—In this respect gas differs from vapour which
is not permanent : for vapour may be easily condensed by cold into
a liquid, but gas does not change its gaseous form under ordinary
pressure,

“ ELASTIC.”—In this respect gas differs from a liquid, which is
almost inelastic; whereas gas is exceedingly elastic.

“RESEMBLING AIR?” or aeriform.—The word ‘ Gas’ means
air, but air is a compound of two gases. Some few gases are
visible, as clhlorine, which is a greenish yellow.
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What is the difference between a Gas
and @ LIQUID ? _ sy
A. Gases are elastic, but liquids not.

Q. IEE-zasﬁmzfe what is meant by “the ELAs-
TICITY of gas

A. TIf from a vessel full of cas, half
were taken out—the other half would
immediately spread itself out, and fill
the same space, as was occupled by the
original quantity.

Q.  Prove that a liguid is NOT ELASTIO.

A. If from a gallon of water you take
half, the remaining 4 pints will take up
only half the room tl]"tt the whole gallon
previously did : a liquid, therefore, is not
elastic, hike gas.

Strictly speaking, a liquid is slightly elastic; inasmuch as it may
be compressed, and will afterwards recover its former dimensions.

Q What are the chief uses of the 0XYGEN
of the air ?

A. To support combustion, and sus-
tain life.

Q. What is meant, when it is said, ﬂmt the
oxygen of the air “ SUPPORTS COMBUSTION ?’

A. It. means this: It 1s the ozygen

of the air, which makes fuel burn.
Y 3
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Q. How does the 0xYGEN of the air make
FUEL BURN ?

~ A, The fuel is decomposed (by heat)
mto hydrogen and carbon; and these
elements, combining with the ozygen of

the air, produce combustion.

What GaAs is produced by the combina-
tion of caroon and oxygen ?

A. CARBONIC ACID GAS. (See p. 88.)

Q. What becomes of the HYDROGEN of the
¥FUEL ?

A. The hydrogen of the fuel combines
with the oaygen of the air, and forms
WATERY VAPOUR; but the combination
15 attended by the production of flame,
owing to the very inflammable nature of
hydrogen.

It must be remembered, that the gas of burning fuel is not pure,
but earburetied hydrogen, .

What becomes of the NITROGEN of the

air, amidst all these changes and combinations 7

A. The nitrogen escapes unchanged
to be again mixed with owxygen, and
converted into common AIR.

Q. What s meant, when it s said, that
oxygen “SUSTAINS LIFE?

A. It means this: If a person could

not wnhale oxygen, he would die.
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Q. What eoop does this inspiration of
oxyyen do ?

A. 1st—It gives vitality to the blood ;
and

mdly—Is the cause of animal heat.

Q. How is food converted into BLOOD ?

A. Afteritisswallowed, 1t 1s dissolved
m the stomach into a grey pulp, called
CHYME ; it then passesinto the intestines
and is converted by the “bile” into a
milky substance, called cHYLE.

Chyme, pronouncekyme ; chyle, pronouncekyle; each asonesyllable.

Q. What BECcOMES of the milky substance
called CHYLE?

A. It 1s 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
poured into the veins ?

A. 1t mangles with the blood, and is

itself converted into blood also.

Q. How does the oxygen we inhale, MINGLE
with the blood 7

A. The oxygen of the air mingles
with the blood i the lungs, and converts
it into & bright red colour
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Q. What colour s the blood BEFORE %t is
oxidized in the lungs ?

~ A, A dark purple. The oxygen turns
1t to a bright red.
Oxidized, i.e., impregnated with oxygen.

Q. Why are persons so PALE, who live in
rooms and cities ?

A. Because the air i close rooms
and cities 1s not fresh; and being de-
fictent 1n oxygen, cannot turn the blood
to a beautiful bright red.

Q. Why are persons who live in the open
air and wn the country, of @ RUDDY complexion ?

A. DBecause they inhale fresh air,
which has 1its full proportion of oxygen :
and the blood derives 1ts bright red
colour from the oxygen of the air mhaled. .

Q. Why is not the air in CITIES so FRESH,
as that in the COUNTRY P

A. Because 1t 1s impregnated with
the breath of its numerous inhabitants,
the odour of its sewers, the smoke of 1its
fires, and many other impurities.

-

. How does oxygen convert the colour of
blood into a bright RED ?

A. The colouring matter of the blood
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is formed of very minute globules, hoating
in it; the oxygen (uniting with the coats
of these globules) makes them malliy—
and the dark colouring matter of the
blood (seen through this maulky coat)
appears of a bright red.

Exp.: If you put some dark venous blood into a milky glass,
and hold it up towards the light, it will appear of a bright florid
colour, like arterial blood.

How does the combination of oxygen
with the blood produce animal HrAT P

A. The principal element of the blood
15 carbon ;- and this carbon (combinmg
with the oxygen of air inhaled) produces
carbonic acid gas, mn the same way as
burning fuel. (See p. 39.)

Q. What becomes of the NITROGEN of the
air after the oxygen enters the blood ?

A. 1t i1s thrown out from the lungs
unchanged, by the act of breathing; to
be again mixed with ozygen, and con-
verted into common ATR.

Q. Why does the vitiated air (after the
oxygen has been absorbed) coME our of the
MOUTH, and not sink into the stomach ?

A. DBecause 1t 1s driven out by the
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contraction of the walls of the chest, and
there 1s no vacant space in the cavity of
the gullet and stomach for it to fall into.

N.B.—The lungs are a hollow spongy mass, capable of holding
air, and of being dilated. They are so situated in the thorax (or
chest), that the air must enter into them, whenever the eavities of
the thorax are enlarged. The Erucess of breathing is performed
thus: When we 1NHALE, the thorax (or chest) is expanded; in
consequence of which, a vacuum 1is formed round the lungs, and
heavy external air instantly enters (through the mouth and throat)
to supply this vacuum,

When we EXHALE, the thorax contracts again ; in consequence of
which, it can no longer contain the same quantity of air, as it did
before ; and some of it is necessarily expelled. When this expulsion
of air takes place, the muscular fibres, which form the floor of the
chest, contract, in order to assist the process.

Q. If (both in combustion and, respiration)
the OXYGEN of the air is CONSUMED, and the
NITROGEN REJECTED— Why are not the PRO-
PORTIONS ¢f the air DESTROYED ?

A. Because the under surface of wvege-
table leaves (during the day) gives out ozy-
gen ; and thus restores to the air the very
element of which 1t has been deprived.

. Whence do leaves OBTAIN the owzygen,
which they exhale?

A. From the carbonic acid, absorbed
by the roots from the soil, and carried to
the leaves by the rising sap.

N.B.—Carbonic acid (it must be remembered) is a compound of
carbon and oxygen,
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How do plants contrive to absorb car-
bonic acid from the soul ?

A. It rises (by capillary attraction)
| through the small fibrous roots, after it
has been dissolved 1n the soil by water.

Q. Whence does the so1L obtain carbonic acid?
" A. 1st—From the air; from which
it is driven by falling show els

2ndly—Irom the decomposition of

vegetable and animal matters, which
1ways produces this gas m abundance

and
 3rdly—All lime-stone, chalk, and cal-
' careous stones, contain vast quantities
- of carbonic acid 1n a solid state, and the
‘ presence of any acid sets 1t free.

Calecareous, i.e. of a limy nature,

Q. If leaves throw off the oxXYGEN of the
carbonic acid, what becomes of the carbon ?

A, It s retamned to give furmness and
| solidity to the plant itself.

i
|
‘ Q. Show how God has made ANIMAL life
- dependent on that of VEGETABLES.

|

|

A.  Ammals require oxygen to keep
them alive, and draw it from the air by
nspiration : The under surface of leaves
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gues out oxygen ; and thus supplies the:
air with the very gas required for the use:
of animals.

Q. Show how God has made VEGETABLE:
life dependent on that of animals.

. A. Plants require carbonic acid, which
1s their principal food ; and all animals:
exhale this gas from their lungs. Thus:
ammals supply plants with carbonie acid,,
and plants supply animals with ozygen.
Q. How is air HEATED ? :
A. By “ convective currents.”

Q. Explain what is meant by *“ CONVECTIVE!
CURRENTS.”

A. When a portion of air is heated,,
it mises upwards wn a current, carrying:
heat with 1t: other colder air succeeds,,
and (being heated 1 a similar way)
ascends also: and these are called * con--
vective currents.”

¢ Convective currents’—so called from the Latin words, cumuvee=
tus (carried with) ; because the Aeat is * carried with” the current.:

Q.  Is air heated by the rays of the SUN?
A. No; air 18 not heated (in anys

sensible degree) by the action of the:
sun’s rays passing through it.
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Q. Why is the air HOTTER on @& SUNNY
day, than on a CLOUDY one?

A. Because the sun heats the sur-
face of the earth, and the air (resting on
the earth) 1s heated by contact : as soon
as it 1s heated it ascends, and 1its place 1s
supplied by colder portions, which are
heated n turn also.

If air be a BAD conductor, why does hot
wron become cold, by exposure to the AIR ?

A. Because it is made cold; 1Ist
—By “convection ;” and 211(]]3?—[’:_-;
“radiation.”

Howis hotironmadecold by cONVECTION?

A. The air resting on the hot iron
(being intensely heated) rapidly ascends
with the heat i1t has absorbed ; colder air
succeeding absorbs more heat, and as-
cends also; and this process 1s repeated,
till the hot iron 1s completely cooled down.

Q. How s hot iron cooled by RADIATION ?
A. Whﬂe its heat 1s being carried
off by *“convection,” the hot iron

t?{mws off heat (on all 51des) by radiation
also.

Z
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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.—It was once thought that heat was emitted from hut
bodies in the form of rays.

Q.  How s soup coOLED by being left exposed
to the AIR?

A. It throws off some heat by radia-
tion ; but 1t is mainly cooled down by
convection.

Q. How s hot soup cooled down by cON-
VECTION ?

A. The air resting on the hot soup
(being heated) ascends; colder air suc-
ceeding absorbs more heat and ascends
also ; and this process 1s repe&ted, tall

the noup 1s made cool.

The particles on the surface of the broth sink as they are cooled
down, and warmer particles rise to the surface; which greatly

asegists the cooling process.
Why are hot tea and soups COOLED the

fasff;?' Jor Eiew:-:g stirred about ?
A. 1st—Decause agitation assists

in bringing the hottest particles to the

surface : o _
ondly—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

the 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 in CONSTANT agitation. W HY s this?

A. Because httle motes and particles
of dust (thrown into agitation by the
convective currents of the air) are made
vistble by the strong beam of light,
thrown into the room through the crevice
of the shutter.

Q. Why can we not SEE the air ?

A. DBecause it is perfectly transparent,
1. e. permits all the rays of light to pass
through 1t without reflecting any.

Why does water RISE in a common pump ?

A. Because the pressure of the air
1s removed from the water i the pipe of
the pump by the action of the sucker;

but not from the water in the well.

Take a tube (shaped like a UL partially filled with water, and let
an equal weight be fitted to each orifice : so long as the weightsare

undisturbed, the water will remain at the same level on both sides
of the tube: but if one weight be removed, its place will be
mstantly occupied with an equal weight of water. So in a pump,
the air may be compared to these two weights; as the action of the
sucker removes one, water rushes into the pipe to counterbalance
the weight of air pressing on the water in the well. z 2
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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.

It would be nearly 34 feet if the pump were of perfe-t construe-
tion. 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 7

A. The piston-rod is made to extend
within 80 feet of the water in the well ;

- and when the water has risen thus high,

1t passes through a valve m the sucker,
and 1s lifted out of the pump by the
piston box.

Bﬂ'ﬁ“he water is liffed from deep wells, and never sucked up beyond
eet,

Q. Why does a syphon EMPTY a vessel of
its liquid ?

A. Because one side of the bent
tube being longer than the other, con-
tains a greater weight of water, and the
balance 1s destroyed.

The unequa. weight of water in the two tubes, causes the water of

the longer tube to fall out and produce a yacuum. Ina common
puMP the vacuum is produced by the mechanical action of the sucker.

Q. Why is it often difficult and painful to

breathe on a mowntain top ¢
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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 panfully 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?

A. Because the mercury of a barome-
ter rapidly falls.

The mercury in the tube of the barometer is held up, like the
water in the tube of the pump, by the pressure of the atmosphere.

Q. Why do corNS ache previously to RAIN ?

A. Because the rarefied state of the
air causes distension 1n the tissues of the
feet ; and as the hard corn cannot swell
equally with the softer parts, irritation
18 produced in the fibrils of the nerves.

Q.  Why do CELLARS feel WARM in WINTER ?
A. Because the external air has not

z 3
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free access into them ; in consequence of
which, they remain almost at an even
temperature ;—which (in winter time) 1s
about ten degrees warmer than the
external air. _

Q. Why do CELLARS fecl COLD in SUMMER?

A. DBecause the external air has not
free access into them ; in consequence of
which, they remain almost at an even
temperature,—which (In summer time) is
about ten degrees colder than the ex-

ternal air.
Q. Why does ATR rust IRON ?

A. Because the ozygen of the air
combines with the surface of the metal,
and produces oxtde of wron: which is
oenerally called “ rust.”

An oxide of iron, copper, &ec., is oxygen in combination with
iron, copper, &c.

Q. Why does hot iron SCALE and PEEL gff
when struck with @ HAMMER ?

A. Because the ozygen of the awr
very readily unites with the surface of
hot iron, and forms a metallic oxide (or
rust), which scales off, when struck with
a hammer.
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Q. Does iron RUST in DRY aur?

A. No; won undergoes no change
in dry air.

Q. Why do sTOVES and FIRE-IRONS become
RUSTY n rooms, which are not OCCUPIED ?

A. Because the air 13 damp; and

moist air oxidizes iron and steel.

Oxidizes, i.e. rusts.
Q. In what part of the year is it most diffi-
eult to keep STOVES and FIRE-IRONS BRIGHT P
A. In awtwmn and winter.
Q. Why s it more difficult to keep STOVES

and FIRE-IRONS bright in autumn and winter,
than wn spring and swmmer ?

A. Because the capacity of the air
for holding water 1s constantly on the
decrease, after the summer 1s over; in
consequence of which, vapour is deposited
on everything with which the air comes
m contact.

Q. Why does GREASING wron prevent its
becoming RUSTY ?

A. DBecause grease prevents the hu-
midity of air from coming in contact
with the surface of the wron.

Q. Why do not stoves rust, so frequently as
POKERS and TONGS ?
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A. Because stoves are generally cov-

-ered with plumbago, or black lead.

Q.  What is plumbago or black lead ?

~A. A mixture of charcoal and iron.

Plumbago (strictly speaking) is a chemical union of earbon and
tron), in the following proportions :—91 parts carbon and 9iron. 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 a piece of sponge. This
varnish may be applied to bright stoves, and even mathematical
instruments, without injuring their delicate polish.

Q.  Why does ornamental sSTEEL (of a purple
or LILAC colour) rust more readily, than polished

WHITE steel 7
A. Because the lilac tinge 1s produced

by partial ozidation; and the process
which forms rust has already commenced.

Q. How can lilac STEEL be kept FREE from
RUST ?

A. By keeping it in a dry place.

Q. If DRY AIR contains OXYGEN, why does
?t NOT RUST IRON, as well as moist air ?

A. DBecause 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 rusts iron. Even pry air oxidizes iron ata
high temperature ; thus a red-hot poker is rusty, when it cools.

Do any oTHER metals (besides iron) com-
bine rapidly with oxygen ?
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A. Yes; copper,zinc, lead, mercury;
| and even silver oxidizes to some extent.
Q. Why do cOPPER and zINC tarnish ?

. A. The tarnish of copper and zine
is caused by their owidation; that 1s,
oxygen from the moist air cc}mhmm with
the surface of the metals, and (instead
f rusting them) covers them with a darl;
tarnish.
Why does LEAD become of @& DARKER
imﬂ by Emmg.r exposed to the air ?

Because the oxygen of the moist

air combines with the luul, and oxidizes

 its surface; which instead of becoming
rusty, assumes a darker hue.

Why does lead lose its brightness, and
 become DULL, by being exposed to the air ?

. A.  The dullness of the lead is caused
by the presence of a carbonate of the
oxide: When the oxide is formed, it
attracts carbomic acid from the air, and
|by combining with 1t, pmducesamﬂmn-

| ate, which 1 gives the dull tint to old lead.
i . Q. Why is it difficult to keep silver BRIGHT ?

A. Because the vapour of the air
oxidizes 1ts surface, and tarnishes it.
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The tarnish of silver forks and spoons, is often due to the sulphur *
and sulphuretted hydrogen of certain foods united to the silver by
saliva, according to a regular galvanic process. N,B.—Without .
saliva, egg spoons, &c., will not tarnish from food, because the :
galvanie 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
15 used, to make them more hard and
lasting ; and this alloy oxidizes more

quickly, than silver itself.
Why does GERMAN silver turn a dingy
yellow in a few hours ?

A. DBecause German silver has a great
affinity for oxygen ; and shows its oxida-
tion by a yellow tarnish, instead of rust.

If quicksilver (or mercury) will tarnish

like copper and lead—why does it preserve its
brilliancy vn BAROMETERS and THERMOMETERS ?

A. Because the air 1s excluded ; and
no moisture can come in contact with it,
to omidize (or tarmsh) 1t.

Q. Is corp ajffected by the atmosphere ?

A. Not readily; gold will never
combine with oxygen of 1itself, (. e.
without aid).

Q. Wuics of the metals is capable of resist-
ing oxidation altogether ?

A. DPlatinum; in consequence of
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which, the graduated arcs of delicate
“ mstruments for observation” are made
of platinum, in preference to other metals.

Before plat'inum was known, gold was used for this purpose.
Why is PLAT'INUM used for the graduated
arcs of delicate mathematical wnstruments, instead
of any other metal 7
. A. DBecause 1t will never oxidize ; but
retains 1ts bright swrface in all weathers,
free from both rust and tarnish.

“ Platinum,” (a white metal,) so called from ‘‘plata,” the Spanish
- word for silver. It was introduced from South America into Eng-
' land by Mr. Wood. (A.D. 1749.)

Q. For what other SCIENTIFIC purpose is
PLATI'NUM now used ?

A. For the construction of crucibles
in which acids are to be employed ; and
for the formation of some of the plates
for galvanic batteries.

Q. Why are crRUCIBLES (in which acids are
employed) made of PLAT'INUM ?

A. Because the acid would act upon
other metals, or upon glass ; and prevent
‘the experimenter’s success.

Q.  Which of the METALS have the greatest
affinity for OXYGEN P

A. Those called potas'sium and
80 daum,
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Potas’sium and so'dium derive their names from potash and soda. |
Potasfsa is the oxide of potas/sium ; and soda is the oxide of so'dium.

How 1s 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 PoTASSIUM on water ?

A. It decomposes 1it. The hydrogen
being set free, combines with the oxygen
of the air, and is 1ignited 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 sopIUM on water ?
A. It does not produce flame, as

potassium does; but it decomposes water,
and undergoes very rapid oxidation.

Q. Is the FURR of RKETTLES an oxide ?

A. No; the furr (or deposit oft
boiling water) 1S a precipitate of lime
and mineral salt, separated from water
by the process of boiling.

Q. Is not the ¥URR of boiling water qﬁeﬂ
DANGEROUS ?

A. Yes; especially in tubular boilers,
such as those employed 1 railways.
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Q. Why is YURR especially troublesome wn
RAILWAY engines ¢

A. Because it is a bad conductor of
heat : in consequence of which, 1t hinders
the process of evaporation ; and as more
fuel is required to produce the needful
amount of steam, a great waste of fuel
15 mcurred.

Q. Why is FURR especiall Yy DANGEROUS in
RAILWAY engines ?

A. DBecause the boilers are likely to
become over-heated, when furris deposited
in them, as the water i1s no longer in
immediate contact with the metal itself:
When this 1s the case, ewxplosion may
occur from the sudden generation of
highly elastic steam.

Q. Why are RAILWAY engines never fed with
BRACKISH water ?

A. DBecause brackish water contains
much mineral matter ; which causes a
large deposit of furr.

Furr may be removed from kettles by boiling in them a little sal-
ammoniae (hydrochlorate of ammonia). The hydrochloric acid
unites with the lime of the furr, and the carboniec 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.

. What is CARBON1O ACID gas ?
A. A gas formed by the union of
carbon and oxygen : It used to be called

‘“ FIXED AIR.”

3 1bs. of carbon and 8 1bs. of oxygen will form 11 1bs. of carbonic
acid. It may be obtained and collected in the usual way, by
pouring a mixture of one part of muriatic acid, and 10 of water, on
pounded marble contained in a retort.

Q. Under what circumstance does CARBON
most readily unite with OXYGEN ?

A. 1st—When 1its temperature 1s
raised : Thus 1f carbon be red hot, oxygen
will most readily unite with it: and

2ndly—When 1t forms part of the

fluid blood.

Q. Why do oxygen 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 imhaled.

Q. Is carbonic acid WHOLESOME ?
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A. No; it is fatal to animal Lfe;
and (whenever imhaled) acts like a nar-
cotic poison, producing drowsiness, which
sometimes ends m death.

Q. How can any one ENOW, if a place be
infested with CARBONIC ACID gas !

A. If a pit or well contain carbonic
acid, a candle (let down into 1t) will be
instantly extinguished. The rule, there-
fore, 1s this—Where a candle will burn,
a man can lwe; but what will extinguish

a candle, will also destroy life.

Why does a MINER lower a CANDLE to
the bottom of a mine, before he descends ?

A. DBecause 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. ka do well-sinkers often lot down buckets
of fresh-slacked LIME in wells, before they descend ?

A. Because if carbﬂnm acid be pre-
sent, the lime will absorb it to form
carbondte of lime.

Q. Why does & CcROWDED ROOM produce
HEAD-ACHE ¢

A. Because its air is vitiated by the
action of many human lungs. A2
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Q.  Why is the air of @ room VITIATED by a
CROWD ?

A. DBecause 1t is deprived of its due
proportion of oxygen, and laden with
carbonic actd.

Q. Howistheair of aroomvitiatedbyacrowd?

A. The elements of the air inhaled are
separated in 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 occastonally killed when
sent to examine the well of a ship ?

A. DBecause 1t contains carbonic acid,
probably given off from some part of the
cargo, in consequence of its fermentation.
This gas remains in the lowest hollows
of the hull, in consequence of 1its 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 Caleutta, 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 Tenown n conmection with the *BLACK

Howr” of Calcutta.
A. In the reign of George ll., the
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Raja (or Prince) of Bengal marched sud-
denly to Calcutta, to drive the English
from the country; as the attack was
unexpected, the English were obliged
to submit, and 146 persons were taken
prisoners.

The Sur Raja, at Dowlat; a young man of violent passions, who
had but just succeeded to the throne. A.D. 1756.

W hat became of these prisoners ?

A. They were driven into a place
about 18 feet square, and 15 or 16 feet
in height, with only two small grated
windows. 1238 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 hours, from confinement in this close hot
PRISON-hole 7

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 BLACK
Howve die sueEPING ?

A. 1st—DBecause the absence of oxy-
AA3




270 CARBONIC ACID.

gen quickly affects the vital funetions,
depresses the nervous energies, and
produces great lassitude: and
Andly—Carbonic acid (being a narcotic
poison) produces drowsiness in those wha

mmhale 1t, before 1t kills them.

The floor of the Grotto del Cané, in Ifaly (i.e. Cavern of Dogs) is
always laden with carbonic acid. It is a 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, because 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. Lake Averno meauns, the lake destructive to birds,

Q. Why are the JuNGLES of Java and Hin-
dostan so FATAL to life ?

A. Because vast 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) 1t settles there

and destroys animal life.

The Valley of Death, in Java, is covered with the skeletons of
b'rds, beasts, and human beings, which have been suffocated by the
carbonie acid gas which abounds in the fatal valley.

Q. Why do persons in a crowded CHURCH

feel 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 lungs of the congregation;
and

ondly—The air of the church is im-
pregnated with carbonic acid gas, which
(being a strong narcotic) produces drow-
siness in those who inhale it.

Q. Why do persons, who are much in the
OPEN AIR, enjoy the best health 7

A. Because the air they inhale is
much more pure.

Q. Why is COUNTRY AIR more pure, than
the air in CITIES P

A. 1st—Because there are fewer
mhabitants to vitiate the air:

2ndly—There are more trees to restore
the pure character of the vitiated air : and

3rdly—The free circulation of air
prevents the accumulation of witiated
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. Because the fewer the inhabitants,
the less carbonic acid will be thrown into
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the atmosphere; and thus country people
mhale pure air, instead of air impregna-
ted with carbonic acid gas.

Q. Why do trees and flowers help to make
country arr WHOLESOME ?

A. 1st—DBecause they absorb the car-
bonic acid generated by the lungs of
ammals, putrid substances, and other
noxious exhalations: and

ndly—Trees and flowers restore to
the air the owxygen, contained in the
carbonic acid, which they absorb.

Q. Why is the air of ciriEs less wholesome
than COUNTRY air ?
A. Ist—Because there are more

inhabitants to vitiate the air:
ndly—The sewers, drains, bins, and
filth of a city, very greatly vitiate the air :
Srdly—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 SICKLY ? :
A. DBecause the air they breathe 1s
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not pure ; but is both defective 1 ozygen,
and also impregnated with carbonic acid.
Where does the carbonic acid of close

rooms and cities COME from ? )
A. From the lungs of the inhabi-

tants, the sewers, drains, and other like
places, In which organic substances are
undergoing decomposition.

Q. What BECOMES of the carbonic acid of
crowded cities ?

A. Some of it 18 absorbed by vegeta-
bles ; and the rest 1s blown away by the
wind, and diffused through the whole
volume of the air.

Does not this constant diffusion of car-
bonic acid affect the PURITY of the WHOLE air ?

A. No: because it 1s wafted by the
wind from place to place, and absorbed
in its passage by the vegetable world.

Q. What ts CHOKE DAMP ?

A. Carbonic acid gas accumulated at
the bottom of wells and pits: which ren-
ders them noxious, and often fatal to life.

Q.  Why is not this carbonic acid TAKEN UP
by the air and DITFUSED, as it is in cities ?
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A. Because it cannot rise from the
well or pit, in consequence of being
heavier than air; and no wind can get
to 1t, to help 1its diffusion.

474 1bs, of carbonic acid weigh as much as 100 1bs. of atmospherie air.
Q. Why are persons sometimes killed, by
leaning over BEER VATS P
A. DBecause vats (where beer has been

made) contain large quantities of car-
bomic acid gas, produced by the ““ vinous
fermentation” of the beer; and when a
man incautiously leans over a beer wvat,
and imhales the carbonic acid, he 1s
immediately Fkulled thereby.

Q. Why are persons often KILLED, who
enter BEER VATS fo clean them ?

A. Because carbonic acid (being hea-
vier than atmospheric air) often rests upon
the bottom of a vat: when, therefore, a
person enters it, and stoops to clean the
bottom, he inhales the pernicious gas,

which kulls him.

Q. Why are persons sometvmes Fkilled by
having @ CHARCOAL FIRE in their bed rooms?

A. Because the carbon of burning
charcoal unites with the owzygen of awr,
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and forms carbonic acid gas; which is a
narcotic poison.

Q. If carbonic acid settles at the BOTTOM of
a room, how can it injure a person LYING upon a
BED, raised considerably above the floor ?

A. All gasesdiffuse themselvesthrough

each other, as a drop of ik would diffuse
1tselt thmugh a cup of water. 1f, 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 heat 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, m which 1t exists i a
solud form.

Q. From which of these sources is carbonie
acidmost likelyto ACCUMULATE fo anoxious extent ¢

A. From the fermentation and putre-
faction of decaying vegetable and animal
matters.
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Q. How can this accumulation of carbonie
acid be PREVENTED P

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 carbonic acid is driven off by the
heat; therefore, it is free to combine with more,

Q. Does not heavy rain prevent the accumu-
lation of carbonic acid, as well as quick-lime ?
A. Yes; an abundant supply of water

will prevent the accumulation of carbonie
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, 2n which it 18 dissolved ?

A. It renders 1t slightly acid to the

taste.
Q. Canthe cAPACITY of water for dissolving

carbonic acid be increased 7
A. Yes. Carbonic acid may be forced

into water by pressure to a considerable
exteut.
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Towhat practical USTS hasthiscapacity of
water (for dissolving earbonic acid) been applied ?

A. Effervescing draughts are made
upon this principle.

Q. Ezplain the cause of EFFERVESCENCE 7
these beverages.

A. The carbonic acid of the beverage
(imprisoned by the cork) i1s forced into
the liquor by pressure, and absorbed by
1t; but when the cork 1s removed, the
carbonic acid flies off in bubbles or
effervescence.

Q. Why does ABRATED waler effervesce when
the CORK 1ts removed ?

A. While the bottle remains corked,
the carbonic acid 1s forced into the water
by pressure, and absorbed by it: but
when the cork 1s removed, 1t flies off 1n
effervescence.

Q. Why does SODA WATER effervesce ?

A. DBecause 1t contains 8 times 1its
own bulk of carbonic acid gas, which has
been forced into 1t by pressure; which
makes 1ts escape in effervescence, as soon
as the cork vs removed.

Q.  Why does aiNaEr PoP fly about in froth
when the string of the cork us cut ?

Ba
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A. DBecause 1t contains carbonic acid
gas. While the cork 1s fast, the carbonic
acid 18 forced into the liquor; but when
the pressure s removed, the gas is given
off in effervescence.

N.B.—All vinous fermentation produces earbonie 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 is
continually tapped; and the amount of
effervescence 1s always in proportion to
| the pressure to which the liquid has been
1 subjected.

] Q. What produces the FROTH of BOTTLED
i i porter ? |
|

| A. Carbonic acud, generated by the §
i vinous fermentation of the porter: This

E ﬂ oas 18 absorbed by the liquor, so long as
it the bottle is well corked ; but is given |
i off in froth, when the pressure of the §

cork 18 removed. ‘

Q. What gives the pleasant ACID taste to
(] e 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. Whydoes fresh SPRING WATER SPARKLE,
when poured from one vessel to another ?

A. Because fresh spring and pump
water contaimn carbonic acid : and the
presence of this gas makes the water

sparkle.

Much of the froth and bubbling of ale, beer, water, &c., when
they are ‘‘poured high,” is due to common air imprisoned by the
action of dropping water.

What is the FERMENTATION of BEER
and WINE ?

A. The escape of carbonic acid,
| produced by the change of sugar mto
alcohol.

Q. What is Ax'conown?

A. The spurit of beer and wine ob-
tained by fermentation.

Q. Ofwhat ELEMENTS is ALCOHOL composed ?

A. Of carbon, oxygen, and hydrogen.

Of Arcomow, 4 parts are carbon; 2 oxygen; and 6 hydrogen.

What are the ELEMENTS of grape SUGAR?

A. Carbon, oxygen, and hydrogen,
all in equal proportions.

Q. What cuaNGEs does SUGAR undergo by
FERMENTATION ?

A. It 1s first decomposed; and then
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its elements re-unite in different propor-
tions ; producing al'cohol, carboric acid,
and water.

Of svcARr, one portion is alcohol; and another earbonic acid: as
may be seen by the following table :—
Carbon. Ozygen. 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.

How does SUGAR form AL'COHOL by
Jermentation ?

A. Two-thirds of its carbon and one-
third of 1its oxygen re-unite with the
hydrogen, and generate al'cohol.

How does SUGAR jform carbonic acid by
fermentation ?

A. The remaining one-third of 1its
carbon and two-thirds of 1its oxygen
re-unite, and generate carbonic acid

What BECOMES of the al'cohol, which is
thus generated by fermentation ?

A. It mixes with the water, and forms
the tntoxicating part of beer and wine.

What is the most common reason for beer,
wine, and other jfermented lLiquors turning sour ?
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A. Air gets to them, and its oxygen
acidifies the alcohol, turning 1t 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 germina-
tion, the starch of the grain 1s converted

mto sugar.
Q. How us barley malted ?

A. 1t 1s moistened with water, and
heaped up ; by which means, great heat 1s
produced, which makes the barley sprout.

See ** spontaneous combustion,” p. 57.

Q. Why is not the barley suffered to GRow
as well as SPROUT ¢
A. Because plants in the germ con-

tain 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 SHOOT-
ING, 1n the process of MALTING ?

A. It 1s put into a kiln, as soon as it
sprouts ; and the heat of the kiln checks
or destroys the young shoot. Lol
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Q. What is YEAST P

A. The foam of beer (or of some
similar liquor) . produced by fermentation.

Q. Why is YEAST used in BREWING P

A. Because 1t consists of a substance
called glu'ten, undergoing putrefaction;
in which state 1t 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 nMALT contain glu'ten ?

A. Yes. The infusion of malt, called
““ sweet-wort,” contains an abundance of
glu'ten; and the yeast (which converts
1ts sugar into alcohol) converts this gluten
into yeast.

Why is YEAST needful, in order to make

the infusion of malt into BEER?

A. Because the presence of a putre-
fying body containing nitrogen 1s essen-
tial in order to convert sugar into alcohol.
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FERMIENTATION.

Q. What TYFECT has yeast upon the sweet-

wort ?
A. Tt causes the sucar of the wort

to be converted into al'cohol and carbonic
acid ; and its GLU'TEN 1nto yeast.

Q. What change is produced in gluten 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 FERMEN-
TATION and PUTREFACTION ?

A. FerMENTATION 18 a change
effected 1n the elements of a body com-
posed of carbon, oxygen, and hydrogen,
without mitrogen. PUTREFACTION 1s a
change effected in the elements of a
body composed of carbon, oxygen, hy-
drogen, and nitrogen.

Q. What NEw cOMPOUNDS are produced by
\ the change called fermentation ?

A. Alecohol and carbonic acid.—The
alcohol is still further changed (unless
the process be checked) mto ace'tic acid
or vinegar,
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What new compounds are prad’ucéd by
the change called PUTREFACTION ?

A. The ecarbon, oxygen, hydrogen,
and nitrogen, of the original substance
(being separated by decomposition) re-
unite in the following manner. 1. Carbon
and oxygen unite to form carbonic acid.
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 phosphorous putrefy,
the sulphur and phosphorus unite with hydrogen, and form swul-

phuretted and phosphuretted 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 putrefiying 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 T
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A. Because they contain a small
portion of sulphur, which wunites with the
silver, and tarnishes it as soon as 1t 1s
moistened with salhva.

Both the white and yolk contain sulphur—the latter more abun-
dantly. The tarnish 1s a sulphuret of silver, and may be easily
removed by rubbing with hartshorn or table salt.

What causes the offensive smell of STALE
hard boiled Baas?

A. The hydrogen of the egg com-
bining with 1its 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 isit NOT needful to put YBAST into
GRAPE juice, in order to produce fermentation ?

A. DBecause grape juice contains a
sufficient quantity of a mnitrogenized
substance like yeast, to produce fermen-
tation without it.

Nitrogenized, i.e. containing nitrogen.

Q. Why do not GRAPES ferment, while they
hang on the VINE ?

A. Because the water of the jquice
evaporates through the skin, and allows
the grapes to shrivel and dry up, after
they are ripe.
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Fermentation eannot occur unless the sugar be dissolved in a
sufficient quantity of water.

Q.  What is the PROTH or SCUM of fermented
liguors ?

A. Putrefying glutinous substances
(resembling yeast), which* rise to the
surface from their lighiness.

Why s beer FLAT, if the cask be left
open too long ?

A. Because too much of the carbonic
actd gas, (produced by fermentation) is
suflered to escape.

Why are beer and porter made stale by
being exposed to the AIR?

A. DBecause too much of the carbonzc
acid gas, (produced by fermentation) 1s
suffered to escape.

. Why does beer turn FLAT, of the VENT
PEG be left out of the tub ?

A. DBecause the carbonic acid gas

escapes through the vent hole.

Q. Why will Nor beer run out of a tub, till
the VENT PEG is 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 piece of writing paper; turn the glass upside

down, and the water will not run out. The paper is used merely
to give the air a medium sufficiently dense to act against.

| Why does the beer run FREELY, vmimne-
| diately the VENT PEG 8 taken out ?

| A. DBecause air rushes mmmediately

| 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.

| Why does liquor. flow reluctantly out of

@ BOTTLE held upside down ?

. A. Because the wpward pressure of

| the air, interferes with its free escape

| from the narrow mouth of the bottle.

- Q. Why should a bottle be held 0BLIQUELY,
an 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, (bemg full of air) refuses to
admit the wine.

Q. Why does the EYFERVESOENCE 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 FLAT and insipid 2’

A. DBecause the whole of the carbonic:
acid 18 expelled by boiling, and escapes:
wnto the air.

Q.  Why does YEAST make bread L1GHT ?

A. DBecause 1t produces a species -of
fermentation on the starch and gluten:

of flour, as it does in the sugar of malt..
How does FERMENTATION make t
dough RISE ?

A. During fermentation, carbom
acid gas s evolved ; but the sticky tex--
ture of the dough will not allow 1t to:
escape ; so 1t forces up little bladders
through the dough. '

Q. Why is povaH placed before a fire ?
A. 1st—DBecause the heat of the fir

increases fermentation ; and
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ondly—It expands the gas confined in
the little bladders; in consequence of
which, the bubbles are enlarged, and the
dough becomes lighter and more porous.

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.

. Why s wheaten bread more NUTRITIOUS
than that made from any other grain ?

A. DBecause wheat contains more
oluten than other grains, on which 1ts

nutritive quality depends.
Good wheat flour contains about 25 per cent. of gluten.

What causes the heat of fire?
A. The heated carbon of fuel com-

| bines with oxygen from the air, and

produces carbonic acid gas, by which

chemical action heat 1s evolved.
Q.  What causes the heat of animal bodies ?
A. 'The carbon of the blood combines

with oxygen from the air inhaled, and

| produces carbonic acid gas : which evolves

' heat n a way similar to burning fuel.

Ca
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Q. Whence does the HEAT of @ DUNGHIIS. .
arise ?

A. The straw, &ec., of the dunghill,
undergoes fermentation from decay, and
produces carbonic acid gas; from which
heat 1s evolved by a species of combus-
tion, as in the two former cases.

How does the formation of CARBONIC
ACID (in all these cases) produce heat ?

A. Carbonic acid has less power of
holding latent heat, than carbon and oxy-
gen have: when, therefore, these ele-
ments are changed into carbonic acid,
latent heat 1s given off, and made sensible.

Q. Why do persons throw LIME into bins
and sewers, to PREVENT their offensive smell in |
summer tume ? |

A. DBecause they contain various
gases, which readily combine with lime ;
I and neutrahze their offensive odours.

i Q. Why should WATER (used jfor washing)
’ be exposed to the air?
A. DBecause it is made softer by expo-

sure to the air.

Most spring water holds lime in solution as a bicarbonate, in con=
gequence of the presence of abundant carbonie acid. Carbonic acid
escapes by exposure 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 ? '
A. 1st—DBecause the mineral salts

(which cause its hardness) subside ; and
2ndly—Because the carbonic acid of
the water makes 1ts escape into the air.

Q. How1sthecarbonicacid of water produced?

A. By the presence of what 1s 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,

Why is HARD WATER more agreeable to
DRINK, than soft water?

A. Chiefly because 1t contains car-
bonie acid.

Q.  Why is water,¥RESH from the pump,more
SPARKLIN G, than after it has been drawn some time ?

A. DBecause water fresh from the
pump contains carbonie acid, which soon
escapes 1nto the air, and leaves the water
flat and stale.

Q.  Why is QUICK-LIME formed by subjecting
ehalk and limestone to intense heat in a kiln ?

A. Because the carbonic acid (which

tendered it muld) is driven off by the
ca2
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heat of the kiln: and the lime becomes

quick or caustic.

Chalk and lime-stone are not burat, but calcined by the heat of
the kiln.

Q. What is MORTAR?
A. Time mixed with sand and water.

Q. What is the difference between QUICK-
LIME and SLACKED-LIME ?

A. Slacked-lime 1s quick-ime to

which water has been added.

When quick-lime is slacked, by the addition of water, great heat
is given out; the latent heat of the fluid water being made sensible
when it becomes solid by uniting with the lime,

. Why does MORTAR become HARD, after
a few deze?
A. beeause the lime re-smbibes from

the air the carbonic acid which had been
expelled by fire; and the loose powder
again becomes as hard as the origmal

lame stone.
Q. Hzplain in what way MORTAR 18 adhesive.

A. When the carbonic acid 1s expel-
led, the hard lime-stone 1s converted mto
a loose powder, which (being mixed with
sand and water) becomes a soft and sticky

plaster ; but, as soon as 1t is placed
between brlel{s it re-imbibes carbonic acid,

and hardens into lume-stone agau.
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CHAPTER XX.

e ——

CARBURETTED HYDROGEN GAS.

e

What is CHOKE-DAMP ?
A. Carbonic acid gas accumulated at
. the bottom of wells and pits. Itis called
cHokE damp, because 1t chokes (or suffo-
cates) every ammal that attempts to
inhale 1t. (See p. 266.)

It suffocates without getting into the lungs, by closing the outer
orifice spasmodically.

. What is marsh-gas or FIRE-DAMP ?

A. Carburetted hydrogen gas accumu-
Jated on marshes, in stagnant waters,
and coal pits; it is frequently cas.ea
“ inflammable air.”

. What is OARBURETTED HYDROGEN GAS P

A. Carbon chemically combined with
hydrogen.

Q. How may CARBURETTED HYDROGEN GAS
be PROCURED on marshes ?

A. DBy 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 inver-
ted glass vessel.
. What is COAL GAS?

A.  Carburetted hydrogen, extracted
from coals by the heat of fire.

Q. Why is carburetted hydrogen gas called
FIRE-DAMP, or wnflammable air ?

A. Because it very readily explodes,

when a lhight 1s introduced to 1t.

Provided atmospheric air be present.

Why s carburetied hydrogen gas fre-
quently called MARSH GAS ?

A. Because 1t 1s generated in
meadows and marshes from putrefying

vegetable substamnces.
See ignis fatuus, 298,

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 hyd agm

Q. Why does the air wn coal-mines fre-
gnentﬁy EXPLODE ?
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 1s incautiously
mtroduced.

How can miners SEE in coal-pits, if they
may never introduce ¢ LIGHT ?

A. Sir Humphrey Davy invented a
lantern for the use of miners, called
“ the Safety Lamp ;" which may be used
without danger.

Q. Who was Sir Humphrey Davy ?

A. A very celebrated chemist, born
in Cornwall, 1778 : he died in 1829.

What sort of thing is the SAFETY-LAMP P

A. A kind of lantern, covered with a
fine wire gauze, nstead of glass or horn.

Q. How does this fine WIRE GAUZE prevent
EXPLOSION 1 @ coal mine ?

A. DBy 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 fine wire GAUZE ?

A. DBecause metal 1s a very rapid
conductor of heat ; and when the flaming

—— e e e ——
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gas (burning in the lamp) reaches the
wire-gauze, so much heat i1s conducted
away by the wire, that the flame cannot
ignite the explosive gas of the mine.

Q.  Does the gas of a COAL-PIT get THROUGH
the wire-gauze INTO the LANTERN ?

A. Yes: and the inflammable gas
1gnites, and burns wnside the lamp : but
no danger arises, so long as the wire-
cauze 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-
cauze becomes red-hot ; danger is then
present : for should the heat rise higher,
the flame would pass and produce an
explosion, because the wire would be no

longer able to cool it.

N.6.—When the carburetted hydrogen gas explodes from a miner’s
candle, the miner sometimes perishes in the blast of the flame ; and
sometimes suffers suyfocation from the carbonic acid thus produced.
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CHAPTER XXI.

PHOSPHURBTITED
HYDROGEN GAS.

Q. From what do the very OFFENSIVE EF-
FLUVIA of DEAD BODIES i church-yards arise ?

A. From a gas called PHOSPHURET-
TED HYDROGEN: which 1s phosphorus

combined with hydrogen gas.

The escape of ammonia and sulphuretted hydrogen contributes
much to this offensive odour.

Q. What 1s PHOSPHORUS ?

A. _A pale amber-coloured substance,
resembling wax in appearance. The
word 1s derived from two Greek words,
which mean “ to produce or bring light.”
(Ppas-pepew.)

- Q. How is 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,
1s left behind.

Q. What is the PHOSPHATE OF LIME ?

A. Theprincipal constituent of bones.
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It 1s a compound of phosphorus, oxygen,,
and hime.
Phosphorus and oxygen in combination constitute phosphoric acid. .

Q.  Of what is the ignitable 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 ignite 2’

A. DBecause phosphorus (with which.
they are tipped) mflames with such a
slight degree of heat, that even. gentle:
pressure or friction will raise its temper-.
ature enough to kindle 1t into flame.

Q. What is the cause of the 1GNIS FATUUS,,
Jack o’ Lantern, or Will o’the Wisp 7

A. This luminous appearance (which;
haunts meadows, bogs, and marshes)
arises from the gas of putrefying animall
and vegetable substances ; especially from.
decaymg fish.

The Welsh ¢ Corpse Candles” are the same things.

Q. Why are these lwminous phantoms so
seldom seen ¢
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A. Because phosphoric hydrogen is
so very volatile, that 1t generally escapes
into the air in a thinly diffused state.

If phosphorus be boiled with milk of lime, and the beak of the
retort placed under water, bubbles of phosphuretted hydrogen will
rise successively through the water, and (on reaching the surface)
burst into flame. It is the singular property of this gas to ignite
spontaneously in air when it has been produced by the action of lime

or potassaon water ; whenthegas 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 fo MEET it 7

A. DBecause we produce a current of
Lair 1in front of ourselves, (when we run
| towards the ignis fatuus) which drives
' the hght gas forwards.

. Q. Why does an ignis fatuus run AFTER us,
| when we FLEE from it in a fright 7

| A. Because we produce a current of
air 1n the way we run, which attracts the
 light gas in the same course ; drawing it
atter us, as we run away from it.

Q. Is not a kind of Jack o’ Lantern some-
tumes produced by insects ?

A. Yes; swarms of luminous insects
passing over a meadow, sometimes pro-

duce an appearance similar to the ignis
tatuus.
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Q. May not many 6HOST stories have arisen
Jrom some ignis fatuus lurking about churchyards?’
Perhaps all the ghost stories;

(worthy of any credit at all) have arisen,
from the 1gmited gas of churchyards—-
lurking about the tombs: to which fear:
has added its own creations.

CHAPTER XXII.

WIND.

. What is wind ?
A. Wind 1s ar in motion.
Q. What »uTs the air in motion, so as to
produce WIND P :
A. The principal causes are varia-
tions of heat and cold ; produced by the:
succession of day and night, and of

summer and winter.
Q. What effect has HEAT upon the air 7
A. Heat rarefies the air, and cause

1t to expand.
Q. How do you KNOW that heal causes t
air to 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

fill the bladder.
Q. What effect is 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.
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 1t
ascends, and carries the balloon with it.

Q. What effect is produced upon AIR by COLD ?

A. It 1s condensed, or squeezed mto
a smaller compass; in consequence of
which, it becomes heavier, and descends

towards the ground.
Q. Prove that air is eondensed by COLD,

A. Lay abladder half full of air before
a fire, till 1t has become fully inflated ; 1t
it be now removed from the fire, the
bladder will collapse again, because the

alr condenses into its former bulk.
b a
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Q.  What is meant by the bladder “ coLLAP-
sING 2"’

A. The skin becoming wrinkled,
shrwelled, and flabby ; because there is
not sufficient air inside to fill it.

How do youw XNOW that CONDENSED 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 agan.

Q. Does the sun heat the AIR, as it does the

EARTH P
A. No: the air 1s not heated by the

rays of ‘the sun ; because air (ke water)
1s a very bad conductor.

Q. How ts ATR HEATED ?
A. By convection, thus —The sun

heats the earth, and the earth heats the
arr resting upon ot ; this hot air rises, and
is succeeded by colder awr, which 1s heated
in a similar way; till the whole volume
is warmed by these ‘ convective currents.”

What is meant by ‘“ CONVECTIVE CUR-
RENTS of hot air?

A. Streams of air, heated by the
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earth, which rise upwards and carry heat
with them. (See p. R52.)
Q. Isthe air in @ ROOM 1 perpetual motion,

as the air ABROAD is/?
A. Yes; there are always two currents

of air In any room we occupy: one of

hot air flowing out of the room., and
g :

another of cold air ﬂﬂwing into the room.

Q. How do you x~NOW, that there are these
TWO currents of air vn every occupied room ?

A. If I hold a lighted candle near
the top of the door, the flame will be
| blown outwards (towards the hall); but if
I hold the candle at the bottom of the
| door, the flame will -be blown wnwards
| (into the room.)

N.B.—This is not the case when a fire is in the room. When a
fire is lighted, an inward current is drawn through all the crevices.

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 hﬂu pa?




304 CLIMATE,

. Why would the flame be blown INWARDS
(ento the RoON), if a candle be held at the BorroM
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.

How does warm avr make 1ts ESCAPE
Jrom a room?

A. The warm air i1s pressed out by
the cold air coming in below ; and escapes
by means of the crevices at the top of
the room.

W hy are not all places, which lie under the
same parallel of latitude, of the same temperature
A. DBecause various disturbing cir-

cumstances tend to vary the mean tem-
perature.

Q. What disturbing circumstances affect the
temperature of particular situations ?

A. 1st—The elevation and form of

the land :
ondly—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. What effect is produced on temperature
by the configuration of LANDS P

A. Islands and peninsulas are warmer
than continents; bays and imland seas
also tend to raise the mean temperature,

Q. What effect has the SEA on temperature ?

A. In warm chmates 1t tends to
diminish the heat; in cold climates fo
matigate the cold.

Q.  What effect have MOUNTAINS on temper-
ature ?

A. Chains of mountains which ward
off cold winds, raise temperature; but
mountains which ward off south and west
winds, lower it.

Q. What effect has so1L on temperature ?

A. A sandy soil which 1s dry, is
warmer than a marshy soil which 1s wet,
and subject to great evaporation.

For effects of forests on temperature, see p. 167.
Q. Does all wind maintain the saME velocity ?
~ A. The wvelocity of wind varies from
100 miles an hour in the tornado, to the

scarcely perceptible motion of a gentle
breeze.
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o006 VERTICAL RAYS.

Q. How does the rotation of the earth upon
its axis affect the motion of the air ?

A. In two ways. 1st—As the earth
moves round 1its axis, the air is left
somewhat behind ; and, therefore, seems
to a body carried with the surface of the
revolving earth, to be going in the op-
posite direction : and

2ndly—As the earth revolves, different
portions of 1ts surface are continually
passing under the vertical rays of the sun.

When are the rays of the sun called

“ YERTICAL RAYSP”
A. When the sun 1s 1 a direct line

above any place, his rays are said to be
“ vertical ” to that place.

Q. 1llustrate the manner in which the earth’s
surface passes under the vertical sun.

A. Suppose some part of the brass
meridian of a globe to represent the
vertical sun; as you turn the globe
round, different parts of its surface will
pass under that part of the brass rim,

1n constant succession.
Q. Why s it NOON-DAY fo the place over
which the SUN 78 VERTICAL P
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A. Because the sun is half-way
between rising and setting to that place.
Show how this rotation of the earth

affects the AIR.
A. If we suppose some part of the

brass meridian to be the vertical sun, the
whole column of air beneath will be heated
by the noon-day rays; that part which
the sun has left, will become gradually
colder and colder ; and that part to which
the sun 1s approaching, will grow con-
stantly warmer and warmer.

Q. Then there are THREE conditions of air
about this spot?

A. Yes: the air over the place, which
has passed the meridian, is cooling ; the
air under the vertical sun, 1s the hottest ;
and the air, which 1s over the place about
to pass under the meridian, 1s increasing
wn heat.

See fig. on p. 309. The column A (which the sun has passed) is
eooling : B is under the vertical sun; and C is inercasing in heat,

Q. How does this VARIETY in the HEAT of
AIR produce WIND ?

A. The air always seeks to preserve
a condition of equilibrium ; so, cold air
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009 WIND.

rushes into the place occupied by neigh-
bouring warm air, and causes it to form
an upward current.

Q. Why does not the wind ALWAYS BLOW
ONE way, following the direction of the sux?

A. Because the direction of the wind
is subject to perpetual interruptions from
halls and valleys, deserts and seas, &e.

How can AILLS and MOUNTAINS ALTER
the course of the WiNDs ?

A. Suppose a wind (blowing from the
north) comes to a mountain ; as it cannot
pass through ut, 1t 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 1s condensed,
when it comes 1n contact with them : as
soon as the temperature of the air is
changed, the direction of 1ts 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 vertical ;
and C, the column which s to be heated next. In this case, the cold
air of A will rush towards B: because the air of B is hotfer than
that of A. DBut suppose now C to be a snow-capped mountain ; as
it comes under B, it preserves the air round it. at its low tempera-
ture still, and therefore checks for a time the ascent of the air in
that direction.

Q. How can the 0CEAN affect the direction
of the wixp ?

A. When the ocean rolls beneath the
vertical sun, 1t 13 mot made so hot as the
land 1s; 1n consequence of which, the
general direction of the wind 1s from
tracts of ocean towards tracts of land.

Why is not the WATER of the sea made so
HOT by the vertical sun, as the surface of the LAND?

A. 1st—DBecause the evaporation of
the sea is greater than that of land: and

2ndly—The constant motion of water
prevents the increase of temperature at
the surface.
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Q. Why does the EVAPORATION of the sca pre-
ventitssurfacefrom being heated by theverticalsun?

A. DBecause its heat 1s absorbed in
the generation of vapour, and carried off
mto the air.

Why does the MOTION of the sea prevent
its surface from being heated by the vertical sun ?

A. DBecause each portion rolls away,
as soon as 1t becomes heated, and is
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 cLoUDS affect the WIND ?

A. As passing clouds screen the
direct heat of the sun from the earth,
they diminish the rarefaction of the air
also : and this 1s another cause why
neither the strength nor direction of the
wind 1s unzform.

Q. Do winds EVER blow REGULARLY ?

A. Yes; 1 those parts of the world,
which present a large surface of water,
as 1n the Atlantic and Pacific Oceans.

Q. What are the reqular winds, which blow
over the ATLANTIC and PAciric Oceans, called ?
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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.

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
| 1n one direction.

Q. In what DIRECTION do the trade winds
blow ?

A. That m the northern hemisphere
blows from the morth-east: that in the
southern hemisphere, from the south-east.

Why do not these polar or trade winds

| Blow Jrom the FULL NORTH and SOUTH, directly
- towards the torrid zone ?

A. DBecause the poles, from which
they flow, move with less velowity than the
 surface of the earth over which they pass
1n their progress towards the equator.
Q. How does this difference of velocity affect
‘ the direction of the wind ?
| A. Inthe same wayashedges, houses,
or trees, (to a person in a carriage) seem

| : - . , :
to be running in an opposite direction.

As the circumference of the earth at the equator is much larger
than the circumference of the earth at the poles; therefore, every
8pot of the earth’s equatorial surface must move much Jaster, than

e corresponding one at the poles.

1
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Q. Why do currents of air flow from the
POLES fo 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 wn the atmosphere ?

A. Yes; the upper current of rare-
fied air 1s 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 avr ? |

A. 1st—The warming and cooling of '}
the strata of air:

2ndly—The deposition of rain: and

3rdly—The formation and appearance
of clouds. |

| Q. How is the A1R affected by these opposing
i currents ? ‘
| A. As cold air returns from the poles
F ~ to the equator, and hot air travels from
i 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 BRAIN T

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.

How are crovns affected by the equato-

" rial and polar currents of air ?

A. As the currents displace each
other by any disturbing cause, vapour is
added to or taken from the clouds, and
produce a total change in the *face of
the sky.”

Q. Why do the clouds vary almost inces-
santly 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 from the north-east

and south-east ALL the YEAR ROUND ?
E &
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514 CALMS.

A. Yes, in the open sea ; thatis, in the
Atlantic and Pacific Oceans, for about
80 degrees each side of the equator.

What becomes of the north-easterly and
south-easterly trade winds, when they approach
the equator ? _ _

A. They are lost in aregion of calms,

m which vessels are often detained for a
considerable time.

Q. Isthisregion of calms FIXED v its position?
A. No; 1t shifts 1ts place, according -

to the sun's distance, and position in
regard to the equator : being sometimes
entnely to the north of the equator, and
occasionally reaching as far as 2 degrees

south of it.
Q. Do the TRADE WINDS blowuniformly firom
north-east and south-east in the INDIAN OCEAN?

A. No; nor yet in those parts of
the Atlantic and Pactfic which verge on

the continents.
Q. How do the winps blow in the INDIAN

OCEAN?
A. From Aprl to October a south-

west wind prevails ; but from October to
April, a north-east.
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What are these periodical currvents of
air (which affect the neighbourhood of the Arabian,
Indian, and Chinese Seas) called ?

A. They are called moNsooNs.

The word monsoon is of Arabic derivation; mausim, (a set 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 Loochoo Isles.

The Loochoo Isles are about 24¢ north latitude, and 300 east
longitude.

Q. Why do not the winds in the INDIAN
Ocpan blow south-west from April to Oetober,
like the trade winds ?

A. DBecause the air of Arabia, Persia,
India, and China s so rarefied by the
enormous heat of their summer sun,
that the colder air from the south rushes
towards these countries across the equator,
producing a SOUTH-WEST wind.

Q. Db 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.

F a2
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. Why does the wind (in the INDIAN
OceAx) blow north-east from October to April ?

A. Because the southern part of the
torrid zome 1s most heated when the sun
1s south of the equator: and the colder
air 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 ?

A. They are far more so, and very
often amount to violent gales.

Why are MONSOONS more USEFUL to the
mariners than the fized TRADE WINDS P

A. DBecause mariners are able to avail
themselves of these periodic changes, to
go 1n one direction during one half of the
year, and to return in the opposite direc-
tion during the other half.

Q. How 1s the change of the momnsoons
marked ?

A. By an interval of alternating
calms and storms.

Q. Have the winds in EUROPE any general
directions throughout the year?
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A. We generally find that easterly
winds prevail during the spring of the
year; and westerly winds 1 the summer
and autumn.

8-West winds are more frequent in July and August. N-East
winds in January, March, Apri., May, and June; but least frequent
in July, September, and December.

Q. When are the WINDS in EUROPE gene-

rally the HIGHEST ?

A. The winds in December and Jan-

luary are generally the highest. Those

i March and November the next; and

| those in August and September are the

 least boisterous.

Q. Why are the winds of Europe gene-
rally H1GHEST in DECEMBER and JANUARY ?

A. DBecause the sun 1s furthest south

i those months; and (as the heat in

' these northern regions rapidly decreases)

the contrast between our temperature
and that of the torrid zome 1s_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 WIND?

A. DBecause the air always seeks to
preserve a state of equilibrium ; therefore,
E a3
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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 P

A. Because AugustandSeptemberare
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 1n our
northern hemisphere in those two
months than n any other.

Q. Shew the goodness and wisdom of GoD
tn 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 zone, they
would soon become insufferably cold.

Q. In what oTHER way does the mingling
of the polar and equatorial atmosphere act
BENEFICIALLY ?

A. In the equatorial regions, the
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great abundance of vegetable life 1s pro-
ductive of a very large amount of oxygen:
In the colder regions, artificial fires and
dense masses of animal life, produce
large quantities of carbomic acid: The
mingling of the polar and equatorial
atmosphere assists 1n supplying each of
these regions with the very gas, in which
it 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
anumals of the coLDER regions require
oxygen :—The currents of air from the
poles carry carbonic acid to the equato-
ral plants ; and the currents of air from
the equator carry oxygen to the animals

which abound nearer the poles.
Q.  Why are East WINDS in England gene-
rally coLp P

A. Because they pass over the cold
swampy plains of the North of Europe;
and have no great breadth of ocean to
flow over aftcrwards to warm them,
before they reach our shores.
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. Why are £AST WINDS in England gene-
rally dry ?

A. DBecause they come over wvast
continents and very little ocean; in con-
sequence of which, they have absorbed

very little water.

Q. How does this account for the drying
power of the EAST winds ?

A. Being dry when they reach our
island, they readily imbibe moisture from
the air and clouds; and, therefore, bring
dry weather.

Why are NORTH WINDS in Englang
generally corLp ?

A. Because they come from the polar
reqrons, over mountains of snow, and
seas of 1ce.

Q. . Why are NorTH WINDS n Kngland
generally keen and drying?

A. Because they come from regions
colder than our own ; and, being warmed
by the heat of our 1island, absorb
moisture wherever they find it.

. Why are sSOUTH WINDS generally WARM
wn Kngland ?

A. DBecause they come over the
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hot sandy deserts of Africa, which make

them hot.
Q. Why do sourH WINDS offen bring us
RAIN
. A. Because they are much heated by

the hot sands of Africa; and imbibe wa-
ter very plentifully, as they pass over the
| Mediterranean Sea and British Channel,

How does this account for the RAINY
character of souTH winds ?

. A, As soon as they reach our cold
|climate they are condensed, and can no
| longer hold all their vapour in suspen-
| sion ; in consequence of which, some of
1t 15 deposited as rain.

| Why are WEST WINDS wn England
| generally RAINY 7

| A. Because they come overthe Atlan-
| tic Ocean, and are laden with vapour ; if,
therefore, they meet with the least chill,
some of the vapour is deposited as rain.

Q. Why is a fine CLEAR DAY sometimes
| OVERCAST w0 a few minutes 7

A. DBecause some sudden change of
| temperature has condensed the vapour of
the air into clouds
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Q. Why are cLOUDS sometimes DISSTPATED:
very suddenly ?

A. DBecause some dry wind (blowing:
over the clouds) wmbibes thewr moisture,
and carries it off in visible vapour.

Q. Whydo souTH-WEST winds bring us RAIN?

A. DBecause they come from the torrid
zone, and get laden with vapour, in then
transit across the ocean. DBut, when
they reach our northern island, (bemng
condensed by cold) some of the vapour
1s precipitated in rain.

Q. Why do NORTH-EAST winds RARELY bring
RAIN ?

A. Because they come from a cli-
- mate colder than our own, and their:
capacity for imbibing vapour is wncreased,,
when they reach our island; in conse-.
quence of which, north-east winds drys
the awr, dispel the clouds, and promote:

ev&puratlon
Q. Why does WIND somelimes bring RAIN
and sometimes FINE weather ¢

A. If the wind be colder than the
clouds, 1t will condense their vapour into.
rain : But if the wind be warmer than the
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louds, 1t will dissolve them, and cause
hem to disappear.,

Q. Why are MarcH winds DRY ?

A. Because they generally blow from
he east or north-east; and, therefore,
weep over the continent of Furope, and
ross the cold waters of the German
cean.

Q. What is the vsSE of Marcu winds ?

A. They dry the soil, which 1s satu-
ated with the floods of February,
reak up the heavy clods,—and fit the
and for the seed committed to 1t.

Q. Why is it said, that “ MARCH COMES 1IN
e a LION

A. DBecause it comes i with blustering
st winds, so essential to dry the soil,
est 1t rot the seeds committed to it.

Q. Whydoes “MARCH GO OUT like @ LAMB?”

A. DBecause the water (evaporated by
the high winds) falls again in showers to
tertilize the earth; and these constant
Ishowers break the violence of the winds.

Q. Whyis it said, that “ A bushel of MarRcH
DUST 8 worth a king's ransom 7’
A. DBecause it indicates that there has
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been a continuance of dry weather : an
unless March be dry, the seed will rot in

the wet soil.

Q. Why is it said, “A DRY cold MarcE
fnever BEGS BREAD P’

A. DBecause the dry cold winds o
March prepare the soil for sced ; whicll§f
germinate, and produce fruit in the
autumn. |

Q. It s said, that “ A wer MAncH malkee
a SAD autumn.” Explain the reason of this.

A. If March 1s wet, so much seed rot
in the ground, that the autumn crops

are spoiled.
Q. 1t is said, that “ MARCH FLOWERS malk!
NO summer BOWERS.” _Explain the reason of this

A. If the spring be very mild, vegetan
tion gets too forward, and i1s pinched bi
succeeding night frosts, so that the sumn

mer produces neither fruits nor flowers:
Q. It is said, “A LATE SPRING makes
FRUITFUL YEAR.” Eaplain 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 pu
forth their tender shoots, till the nights
have become too warm to ingure them.

BT a
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Q. Why 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, three things are essential :—Dark-
| mess, Heat, and Moisture.

Q. Does RaAIN-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 1s attributed.

| Ammonia is a compound of nitrogen and hydrogen. Common
| hartshorn is only ammonia and water,

I

]

Q. Why has God made NOVEMBER a very
| RAINY month ?

| A. DBecause rain hastens the putre-
| faction of the fallen leaves: and this
makes the earth fertile.

Q.  Why is there MORE rain FROM SEPTEM-
BER fo MARrcH, than from March to September ?

A. DBecause the temperature of the
air 1s constantly decreastng ; on which
| account, its capacity for holding vapour
18 on the decrease also; and its vapour
precipitated as rain.

F a
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Q.  Why is there 1ESS rain from March to
September, than from September to March ?

A. DBecause the temperature of the
alr 18 constantly increasing ; on which
account, 1ts capacity for holding vapour
15 on the wncrease, and very lttle is
precipitated as rain.

Why is the rising sun in summer accom-
panied with @ BREEZE P

A. Because the heat of the rising

sun stops the radiation of heat from the

earth, and warms uts surface.
. How does this warmth produce a BREEZE ?
A. The air (resting on the earth’s
surface) being warmed by contact, ascends ;
and colder air rushing wn to restore the

balance, produces the morning breeze.
Why is there often an EVENING BREEZE
during the summer months ?

A. DBecause the earth radiates heat
at sun-set, and the air is rapidly cooled
down by contact: this condensation
causes a motion wm the awr, called the

cvening 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. Because solar rays are unable to
heat the surface of the sea, as they do that
of the earth ; therefore, the awr resting on
the sea is less heated, than the air resting
on the earth; and the colder sea air
blows inland to restore equilibrium.

Why is a land breeze generally less healthy
than a sea breeze?
A. Because 1t 1s frequently laden

- with exhalations from putrefying animal

and vegetable substances. |

) Why is a sea bireeze fresh and AEALTHY ?
A. Because 1t passes over the fresh

sea, and 18 mot laden with noxious

~ exhalations.

It is particularly healthy, therefore, to walk on the sea-beach
before ten o’clock in the morning ; but less so afler sun-set.

Q. Why is there generally a fresh breeze
Jrom the sEA (in English watering places, ) during
the summer and autumn MORNINGS !

A. Because land 1s more heated by
the sun, than the sea 1s; in consequence
of which, the cooler sea air glides inland,
restoring equilibrium by pressing up the
hght hotter air.

Q.  Why does a sea breeze feel coowL?

Fu?z2
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A. Because the sun cannot make
the surface of the sea so hot as the land ;
therefore, the air which blows from the
sea 1S cooler than the air of the land.

Q. Why are tropical islands sulyect to a
land breeze every EVENING (i.e. a breeze blowing

from the land towards the sea) ?

A. Because the surface of the land
cools down faster (atter sun-set), than
the surface of the sea: In consequence
of which, the air of the cold lands 1s con-
densed, and flows nto the warmer regions
of the sea—causing a LAND BREEZE.

Q. Why is the land breeze coOL?

A. Because 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.

Why s the temperature of islands more
EQUABLE than that of continents?
A. Because the water around the

island mitigates the extreme heat of
summer, and gives out heat to diminish
the extreme cold of winter.

Q. ISLANDS are WARMER in winter than con-
tinents. Explain the reason of this.
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A. Unless the sea be frozen (which
is-rarely the case) 1t is warmer than the
frozen land: and the warmth of the sea
air helps to mitigate the intense cold of

the land air.

Q. ZEaplain the cause of sew WAVES.

A. The wind, pressing unequally on
the surface of the sea, depresses one part
more than another; every depression
causes a couesmndmg elevation, and
these undulations are called waves.

It must be remembered that waves have no other than a vertical
motion, i.e. up and down. Any substance, as a buoy, floating ou a
wave, is merely elevated and depressed alternately; it does not

otherwise change its place.
Q. If waves are stationary, and only move

up and down, why do they seem to advance towards
the shore ?

A. This 18 an ocular deception.
When a corkscrew 1s 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.

What is the cause of “ BREAKERS s
A. The interference of rocks or rising

banks in the sea with the regular fmm
Fasj
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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 n all

directions.

Q. What is 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 7

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
1ts axis.

Why do we generally feel COLDER out-

of-doors than in-doors ?

A. Becausethe airis always changing ;
and before one portion has become heated
by our body, another colder portion takes
its place. and absorbs more heat.
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Q. Why is a 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 1t no longer feels cold.

Q. How fast does wind travel ?

A. A gentle breeze goes at about
the rate of 5 miles an hour. A high
wind from 20 to 60. A hurricane from
80 to 100 miles an hour,

. How s the vELOCITY of winds ascer-
tained 7

A. By observing the velocity of the
clouds ; and by an instrument contrived
for the purpose, called an Anemometer.

Pronounce An-e-mom’-e-ter, From two Greek words aveuos

(wind) and perpov (a measure). This term is applied more fre-
quently to an instrument which measures the force of wind.

Q. How s the vELOCITY of the clouds
ascertained ?

A. By observing the speed of their
shadow along the ground: which 1s
found (in a high wind) to vary trom 20
to 60 miles an hour.

Q.  Why is there always a strong DRAUGHT
through the KEY-BOLE of a door ?

|
'1
|
|
{
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A. DBecause the air in the room we
occupy 18 warmer than the air in the hall;
therefore, the air from the hall rushes
through the key-hole into the room, and
causes a draught.

Q.  Why is there always a strong DRAUGHT

UNDER the door, and through the crevice on each
side ?

A. Because cold air rushes from the
hall, to drive the warmer air up the
chimney.

Q. Why is there always a DRAUGHT through
the WINDOW crevices ?

A. DBecause 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.  Ifyou open the LOWER sash of a window,
there is more DRAUGHT than if youw open the UPPER
sash. Explain the reason of this.

A. 1If the lower sash be open, cold
external atr will rush freely into the room,
and cause a great draught mmwards ; 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 dis-
places it, because it is heavier. Both are drawn down to the earth,
by its attraction, but the heavier cold air with the more force; it
therefore ocecupies the lower position, and pushes the warm air
upwards.

Q. By which means is a ROOM better VENTI-
LATED—By opening the upper or lower sash ?

A. A room 1s 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 RCOM 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
air can enter more freely at the lower
part of the room than at the upper.

Q. Why does wind DRY damp LINEN ?

A. Because dry wind (like a dry
sponge) 1mbibes 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 euter
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through the doors and windows), till it
has become heated, remains on the floor s
of the room.

CHAPTER XXIII.

BAROMETER.

Q. What is @ BAROMETER ?

A. A weather-glass, or instrument to.
measure the variations in the wewght of
the air.

BAroMETER is a compound of two Greek words, Bapos (weight) |

and perpov (a measure). It is called a weather-glass, because
changes of weather are indicated by its varying conditions.

Q What is a THERMOMETER ?
A. An instrument to show how hot
or cold anything 1s.

TuerMoMETER is a compound of two Greek words, @epucs
(heat), and perpov (a measure).

Q. What is the DIFFERENCE belween a
THERMOMETER and & BAROMETER P

A. In a THERMOMETER the mercury
is sealed up from the awr; and rises or
falls, as the varying temperature of the
alr expands or contracts 1t: but
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In a BAROMETER the column of mer-
oury is left exzposed (or open) to the air,
at its lower extremity ; and rises or falls,
as the varying weight of the air prLS:aL,s
niore or less upon it.

Q. If the mercury of the thermometer be
SEALED UP firom the air, how can the heat AFFECT
i 7

A. The heat of the air passes through
| the glass tube 1nto the mercury, causing
| the metal to expand and rise 1n the tube.

Q. Whyisthetube 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
| 1n the tube.

The top of the tube must be a * vacuum ;" otherwise the pressure
of the external air upon the lower part of the column would not

affecet the mercury so freely.

For what PRACTICAL PURPOSES is the
barometer used ?

A. 1st—To determine the height of
mountains : and
ndly—To indicate changes of the

weather.
The barometer was invented by Toricelli, a pupil of Galileo, 1643,

Q. How can a BAROMETLR determine the
NIEIGHT 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 indi-
cate the height of our ascent.

Q.  Does the density or weight of air decrease
. any reqular proportion ?

A. Yes; the density of air decreases
upwards I a regular geometrical series.

Thus at an elevation of 3} miles, the density of the air is only Akalf
what it is on the earth’s surface: at 7 miles, only one-fourth ; at
104, one-eighth ; at 14 miles, one-sizteenth. Though the atmos-
phere probably extends 45 or 50 miles above the level of the sea,
yet at an elevation of 20 miles, it has but little weight.

Q. What causes the WEIGHT qf_’ air P
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 ?

A. When ar 1s filled with vapour, 1t
1s lighter than usual; and the column of
mercury stands low. When air 1s dry,
and free from vapour, 1t 1s heavier than
usual; and the mercury stands high:
Thus the barometer (by shewing the
variatiors .n the weight of the air)
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indicates when it 1s moust, and likely to
rain or not.

. Does the WEIGHT of the air VARY MUCH ?

A. Yes; the atmosphere m England

varies as much as one-tenth part more or

less.
Q. Of whatUSE is the BAROMETER 7o sailors?

A. It warns them to pirepare their
ships, before squalls come on.

Q. How can @ BAROMETER warn SAILORS {0
prepare thewr 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 RULES, 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. Dention the lst SPECIAL RULE with
regard to the barometer.

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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Why is the Eamrameter HIGHEST of all
during a long FROST ?

A. Because the air is exceedingly
dry: and dry air causes the mercury of’
a barometer to rise.

Q.  Why does the barometer generally RISE
with NORTH-EAST winds ?

A. DBecause NorRTH-EAST winds make
the air both cold and dry; and being
both condensed, and without vapour, it 1s
much heavier.

Q. Mention the 2nd SPECIAL RULE with
reqard to the barometer.

A. The barometer is lowest of all
during a thaw, which follows a long frost;
and 1t generally falls with souTa or wEsT
wind.

Why does the barometer fall LOWEST of

all, at the BREAKING UP of a long 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
SOULL and WEST winds !
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A. Because soutH and WEST winds
come heavily laden with vapouwr: and
vaporized air 1s lighter than dry air.

What effect has WIND on the mercury ?

A. The barometer 1s high, when the
| wind blows between the EasT and the
| NorTH. But 1t 18 low, when the wind
' blows between the souta and wEsT. '
| Q. What is the 3rd SPECIAL RULE with

reqard 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 A1R
| be very DRY 7
. A, DBecause dry air will absorh moist-
| ure, and not part with it in rain.
Q. Why will there be No RAIN if the AIR
| be very coLp ?

A. Because it 1s so much condensed,
that 1t 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 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 is there likely

Zo be, when the barometer is UNUSUALLY LOW ?

A. Short heavy showers, with sudden .

squalls of wind from the west.

W hy will there be VERY LITTLE RAIN if
the barometer is UNUSUALLY LOW !

A. Because the air must be very’
warm, or very moust, or perhaps both.

Q.  Why uill there be little or no rain, if
the AIR s very WARM ¢
A. DBecause warm air has a tendency

to @mbibe 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 air has:
been introduced to condense the vapour :
And, as soon as cold air has been intro--
duced, the barometer will rise instantly.

Q. Name the b5th SPECIAL RULE with
reqgard to the barometer.
A. In summer-time (after a long;

A — . —

g
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continuance of fair weather) the barom-
eter will fall gradually for 2 or 3 days
before rain comes: But if the fall of the
mercury is very sudden, a thunder-storm
| may be expected.

| What ts the OGth SPECIAL RULE with
regard to the barometer ?

A. When the sky is cloudless, and
| seems to promise fair weather,—if the
' barometer 18 low, the face of the sky will
| soon be suddenly overcast.

_ What is the Tth SPECIAL RULE with
- regard to the barometer ?

A, Dark dense clouds will pass over
- without rain, when the barometer 1s
high : but if the barometer be low, it
- will often rain without any appearance of
| clouds.

| Q. What is the Sth SPECIAL RULE with
reqard to the barometer ?

A, The higher the barometer, the
| greater the probability of fair weather.
| Q. Why is the barometer HIGH in FINE
| weather ?

. A. Because the air in fine weather

. contains very little vapour. And the drier
G ad
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the air, the higher does the mercury of

the barometer rise.
What vs the 9ih SPECIAL RULE with
reqard to the baromeler ?

A. When the mereury 1s in a rising
state, fine weather is at hand : But when
the mercury 1s 1n a sinking state, foul

weather 1s near.
Q. Why does the mercury RISE at the ap-
proach of FINE weather ?

A. DBecause the air i1s becoming:
more dry ; and, therefore, its pressure is

increased.
Q. Why does the mercury SINK at the ap-.
proach of FOUL weather ?
A. Because the air i1s laden with.
vapour, or disturbed by wind.
Q. Why does VAPOUR in the air make the:
mercury SINK? _ ot
A Because vaporized air is lighter
than dry air; and 1its pressure on the:
barometer less.
What is the 10th SPECIAL RULE with!
reqard to the barometer ‘
A. If (in frosty weather) 1t begins to
snow, the barometer generally rises to»

80 ; where it remains, so long as the:
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snow continues to fall : If, after this, the |
- weather clears up, you may expect very J
severe cold. ,-

How can you know,if the MERCURY of
the barometer be RISING P

| A. When the top of the column is |
convex, (1.e. higher i the muddle than |
| at the sides), the mercury 1s 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 i8
. RISING ?

A. Because the parts of the mercury
m 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 CONCAVE, when it
18 FALLING

- A, Because the parts of the mercury
1 contact with the tube are delayed by
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capillary attraction ; in consequence of
which, the middle part sinks faster than
the sides; and the surface 18 CONCAVE.

Q. What effect does @ THUNDER-STORM pro-
duce on the weather ?

A. It 1s generally preceded by hot
weather, and followed by cold showery
weather.

Q. What effect does @ SUDDEN CHANGE of
temperature produce on the weather ?

A. A great and sudden change
(either from hot to cold, or from cold to
hot) 1s generally followed by rain within
R4 hours.

Q. Why is a sudden CHANGE from HOT to
corp followed by rain ?

A. DBecause cold condenses the auwr:
and some of 1ts vapour 1s given off in rain.
. Why 1s a sudden CHANGE from COLD fo

nor followed by rain?

A. Because the air is quickly satura-
ted with moisture : but when night comes
on, and chills the temperature, some of
the abundant moisture 1s given off in
rain, -
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Q. Why is the air quackly SATURATED with
MOISTURE, when HEAT rapidly succeeds to conp ?

A. Because the evaporation (which
was checked by the cold) 1s carried on
very rapidly in consequence of the in-
crease of temperature. .

Q. When does the barometer VARY MOST ?

A. In winter time.

Q. Why does the barometer vary MORE in
WINTER, than tn SUMMER tvne ?
A. Because the difference of temper-

ature between the torrid and temperate
zones 18 much greater in winter than in
summer ; and produces a greater distur-
bance 1n the state of the air.
Q. When does the barometer VARY LEAST ?
A. In summer time.

Q. Why does the barometer vary LESS in
BUMMER, than in WINTER ?
A. Because the temperature of our

island in summer is more nearly equal
to that of the torrid zone, and its state
18 mot so much disturbed by interchange
of currents.

Q. Have HEAT and COLD any effect on the
barometer ?
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A. No, not of themselves ; but as cold
weather 1s generally dry, or accompanied
with north-east winds, therefore the mer-
cury 7ses 1n cold weather : And as warm
weather 13 generally moist, and accom-
panied by south-west winds, therefore

the mercury simks mm warm weather.
Q. Why s the mercury of a barometer
LOWER tn the TORRID, than in the FRIGID zone ?

A. DBecause the warm air of the torrid
zone contains much more wvapour, than
the condensed air of the frigid zone ; and
the moister the air, the less 1s 1ts pressure.

Q. In what MONTHS 1s the Obarometer
HIGHEST !

A. In May and August; then in
June, March, September, and April

. Inwhat MONTHS 15 the barometer LOWEST?

A. In November and Iebruary:

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.

W hat are the WETTEST months 7

A. October and February; then

e i —
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July and September ; then January and
. December.

Why is there LEss wet from MARrcH fo
Aveust, than there is from Auqust to March 7

A. Because the heat 1s constantly

| increasing ; and the capacity of air to

absorb and retain moisture increases

| likewise.

Why is there MORE wet from AUGUST fo

| L’LLR[.}II, than from March to August?

A. DBecause the heat 1s constantly

decreasing :  and the capacity of air to
| retain moisture decreases also; so that

i
|
g

(although 1t often rains) yet the air 1s
always on the point of saturation.

What does a SUDDEN rise or fall of the
barometer indicate ?

A. If the 7se 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.

i
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In very ot weather, the fall of the mercury denotes thunder ;
ut_ht:i*wme, the sudden falling of the barometer denotes high
WIInd,

In frosty weather, the fall of the barometer denotes tZaw.

If wet weather happens soon after the fall of the barometer,
expect but Ziftle of it.

n 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 i{;ﬂs, 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.)

Tae RISE oF THE BAROMETER.
In winter, the rise of the barometer presages frost.
In frosty weather, the rise of the barometer presages snow.
If fair weather happens soon after the rise of the %ammeter,
ect but little of it. '
n wet weather, if the mercury rises high and remains so,
expect continued fine weather in a day or two. -
n 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 other winds it sinks.

Tue BaroMETER UNSETTLED.
If the motion of the mercury be unsettled, expect unsettled

weather, !
If it stand at ** Mvcr rRAIN’’ and rise fo ¢ CHANGEABLE,”

expect fair weather of short continuance.
f it stand at “‘ FA1R’’ and fall to *‘ CHANGEABLE,” expect

foul weather, /
N.B. Its motion upwards, indicates the approach of fine

weather ; its motion downwards, indicates the approach of foul
weather,

L
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CHAPTER XXIV.

SNOW. HAIL. RAIN.

. What is sNow ? '
A. The condensed vapour of the air

frozen, and precipitated to the earth.
Q. What is the OAUSE of SNOW ?

A. When the air is nearly saturated
with vapour, and condensed by a current
of air, below freezing pownt, some of the
 vapour is precipitated in a crystalline
form as snow.
A few years ago, some fishermen (who wintered at Nova-Zembla),
after they had been shut up in a hut for several days, opened the

window ; and the cold external air rushing in, instantly condensed the
air of the hut, and its vapour fell on the floor in a shower of snow.

Q. Why does sNOW fall in WINTER time ?

. A. DBecause the sun’s rays are too
oblique to heat the surface of the earth;
and (as the earth has but little heat to
' radiate nto the air) the air 1s very cold.
1 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 sncw, o
sleet.

Q. What is the USE gf SNOW ?

A. To keep the earth warm, and to
nourish it.

Q. Why does snow keep the EARTH WARM

A. Because 1t 1s a very bad con-
ductor ; mm consequence of which, whe
the earth 1s covered with snow, its tem-
perature very rarely descends belo
Jreezing pownt, even when the air i1s 15

or 20 degrees colder.
Q. Tell me the words of the Psatarrst (exlvild
16) respecting snow ; and explain what he means.

A. The Psalmist says—* The Lor

but that 1t 1s also warm as wool.
Q. Why s WOOL WARM ?

- A. Because awr 1s entangled amon

the fibres of the wool: and air 1s a ve

bad conductor.
Q. Why is sNOW WARM ? -
A. Because awr 1s entangled : mm
the crystals of the snow; and air 1s @

very bad conductor.
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Q. Why does sSNOW NOURISH the earth ?

A. DBecause 1t supplies moisture con-
taining carbonic acid; which penetrates
slowly mto the soil, and insinuates itself
through every clod, ridge, and furrow,
when the snow melts.

Q. Why isthere No SNOW in SUMMER fime ?

A. DBecause the heat of the earth melts
1t 1 1ts descent, and pre ~ents it from
reaching the surface of the earth.
| W hy are some MOUNTAINS ALWAYS COV-

| BERED with sSNOW P
. A. 1st—DBecause the air on a high

mountain 1s more rarefied ; and as rare-
fied air retains much heat in a latent
state, 1t abstracts heat from mhauent
delES more rapidly than condensed air
'would : and

ndly—Mountain tops are not sur-
rounded by earth, to radiate heat into the
air : and, therefore the snow 1s mnol
melted n its LlLSLEl’lt, but falls on the
mountamn 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. (See p. 419.)

Q. What is HAIL?

A. Rain, which has passed in its
descent through a cold bed of air, and
has been frozen into ice.

Q. What makes oNE bed of air COLDER than
another ?

A. The causes are not perfectly
known ; electrical action 1s most probably
among them.

Q. Why is HAIL frequently accompanied

with THUNDER and LIGHTNING ?

A. 1st—DBecause the congelation of
water into hail, disturbs the electricity
of the air: and

2ndly—The friction (produced by the

fall of hail) may possibly excite 1t still

more.
Q. Why does BAIL fall generally in SUMMER
and AUTUMN P

A. 1st—DBecause the air 1is more
highly electrified in summer and autumn,
than in winter and spring: and

(— o B~ =, =

=
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2ndly—The vapours in summer and
‘autumn (being rarefied) ascend to more
‘elevated regions, which are colder than
|thuse nearer the earth.
‘ Q. What vwo things are essential to cause
HAIL ?
‘ A. Two strata of clouds having
Lopposite electricities, and two currents of
wind.  The lower cloud containing resin-
ous electricity, 1s 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 avr or clouds
 PRECIPITATED i1 hatl, rain, or snow ?

A, When the air 1s saturated with
vapour, and a cold current condenses 1t, 1t
1s then no longer ablerto hold allits vapour
n solution, and some of it falls as rain.

k

!

| Q. Why does RAIN fall in DROPS P

! A. Because the vapoury particles in
their descent attract each other; and
those which are sufficiently near, unite,

| and form into drops.
Huad

!
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Q. Why does not the coLp of NIGHT
ALWAYS cause rain ?

A. Because the air is not always
near saturation: And unless this be the
vase, 1t will be able to hold its vapour
in solution, even after it has been con-
densed by the chilly night.

Q. Why does a PASSING CLOUD often drop
RAIN ?

A. DBecause 1t comes in contact with
cold awr, which challs ¢t ; and its vapour
being condensed, falls to the earth as
ram.

Q. Why are RATN-DROPS sometimes much
LARGER, than at OTUER fimes ?

A. DBecause the rain-cloud is floating
near the earth ; when this 1s the case, the
drops are large, because such a cloud is
much more dense, than one more elevated.

The size of the rain-drop is also increased, according to the
rapidity with which the vapours are condensed.

Does not WIND somelinies INCREASE Zhe
SIZE of miﬂ-df‘aps?

A. Yes; by blowing two or more
drops into one. |
Q. Why do cLOUDS FALL ¢n RAINY weather £
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A. 1st—Because they are heavy with
-abundant vapour: and

2ndly—The density of the air being
dmums!‘zed 1s less able to buoy the cloudb
up.

Q. How do you x~ow, that the DENSITY of
the air 18 DIMINISHED 22 RAINY weather ?

A. Because the mercury of a barom-
eter falls.

Q. Why ts RAIN-WATER more FERTILIZING,
than puMP-water !

A. 1st—Because 1t contamns more
carbonic acid: and

dndly—It contains a small quantity
of ammomia, with which 1t supplies the ;
young plants.

Q. Why does RAIN PURIFY the AIR?

A. 1st—DBecause 1t dissolves the nozx-
wous exhalations collected m the air as 1t
fulls.

2ndly—It mixes the air of the upper |
regions with that of the lower regions : i
and

3rdly—It washes the earth, and sets in

motion the stagnant couLeuts of sewers
and ditches.

I
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Q. Why are MOUNTAINOUS countries more
RAINY, than flat ones ?

A. DBecause the air (striking against
the sides of the mountains) is carried up
the wnclined plane, and brought in contact
with the cold air of the higher regions:
in consequence of which, its vapour is
condensed, and deposited in rain.

Q. Why does a SPONGE SWELL, when it is
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 wncreased.

Q. Why do FIDDLE-strings SNAP in WET
weather ?

A. Because the moisture of the air
(penetrating the strings) causes them to
swell ; and (as the cords thicken) their
tension is increased, and the strings snap.

Q. Why does PAPER PUCKER, when it s
WETTED ? _ ;

A. Because the moisture 1s absorbed
unequally by the paper, and some parts

are more enlarged than others: m con-

i e i (8 s A -
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sequence of which, the paper blisters or
puckers.
Why do the weather-toys (called car'v-

cuins) lift a cowl over the fiqures in wet weather,
and remove it i dry ?

A. DBecause the cowl of the capuchin
is attached to a piece of cal-gut in such
a manner, that when the cat-gut 1s
shortened by moisture, 1t pulls the cowl
up : but m dry weather the string 1s
loosened, and the cowl falls down by its
own Welght

Q.  In another weather toy, the MAN comes
out in WET weather, and the LADY in FINE; Wiy
18 this 7

A. Because the two figures are at-
tached to a piece of cat-gut in such a
manner, that when the cat-gut is moust
1t twists the man out; but when it is
loosened, the figures turn in the opposite
direction.

Q. Why are WET STOCKINGS DIFFICULT o

 PULL ON ?

A. Ist—DBecause the moisture pene-

 trates the threads of the stockings, and
- causes them to shrink in size : and
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358 RAIN.

2ndly—Because the moisture causes
the stockings to adhere to our feet.

Which are the MOST RAINY fowns in
ExGrnanD ?

A. Keswick (in Cumberiand): and
then Kendal, (a market town in West-
moreland.)

In Keswick, about 63 inches of rain fall in a year. In Kendal,
o8 ; Manchester, 38 ; Liverpool, 3¢; Dublin and Cambridge, 25;
Lincoln, 24; London, 21 ; and in Paris only 18.

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 1ts capacity for
holding vapour in solution.

Q. Does more rain fall 'n SUMMER or in
WINTER ?

A. There are more rainy days from
September to March: but heavier ramns
between March and September.

. Why are there MORE RAINY DAYS from
September to March, than from March to Sep-

tember ?

A. Because the temperature of the
air 1s constantly decreasing ; and as 1ts ca-
pacity for holding vapour decreases also,
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it is frequently obliged to part with
some of its vapour In rai.

In what PART of the WORLD does RAIN
Jfall MOST ABUNDANTLY P

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 twelve months at any
other part of the globe. ‘
I

CHAPTER XXV,
act o i

WATER. i

Q. Of what is WATER composed ?
A. Of two gases, oxygen and hydro-
gen.
In 91bs. of water—8 are oxygen, and one 18 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 latent heat, the particles of water are again il

. subdivided into invisible steam. '
|
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Q. WhyiseuMmewatercalled “TARD water 7’

A. DBecause 1t 1s laden with foreign

matters, and will not readily dissolve

substances immersed in it.

Q. What makes PuMP-water HARD ?

A. When it filters through the earth
1t becomes impregnated with the sulphate
and carbonate of lime, as well as with
many other prmmples derived from the
earihs and minerals with which 1t comes

In contact.
Q. Whatisthe cause of MINERAL SPRINGS ?

A. When water trickles through the
ground, it dissolves some of the substan-

ces with which it comes in contact: if
these substances are metallic, the water

will partake of their muneral character.

Some water is imbued with lime; some with sal{, &ec., &e.

Q. Why 1s 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 in flakes
on the top of the water.

'N.B.—Sulphate of lime consists of sulpkaric acid and lime.

=2 =
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Q. Why is it difficult fo wash wn SALT
WATER?

A. Because 1t contains saline matters,
which deprive the water of a portion of

its solvent power.
W hat is the cause of PETRIFACTIONS ?

A. While water flows underground
its impurities are held in solution by the
presence of carbonic acid; but wher
the stream reaches the open air, its car-
bonic acid escapes, and these impurities
are precipitated on varlous substances
lying in the course of the stream.

These impurities are especially carbonate of lime and iron.
Q. Why does @ BLACK HAT furn RED at the
SEA SIDE P

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-

1de of iron, which causes the rusty hue.
Q. Of what is sSOAP made ?
A. Of kelp (or the ashes of sea-weed
dried and burnt in a pit) mixed with oil
or fat.

|
. Yerrow Soar is made anh"l](‘ oil, soda, and resin. Sorr SO0LP
f vil and potasb- Haum Soar of oil and soda. 1a
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Q. Why does WATER OLEAN dirty LINEN P
A. DBecause 1t dissolves the stains, as
1t would dissolve salt.

Q. Why does soAP greatly INCREASE the

cleansing power of water ?
Because many stains are of a

greasy mature ; and soap has the power
of wniting with greasy matters, and
rendering them soluble m water.

Q. Why is RAIN WATER SOFT?

A. DBecause 1t 1s not impregnated |

with earths and minerals.

W hy is it MORE EASY fo WASH wilh SOFT

water, than with hard ?

A. Because soft water unites freely
with soap, and dissolves it; instead of

decomposing it, as hard water does.

Q. Why do WooD ASHES make HARD water
SOFT ? {
A. 1st—A double decomposition
takes place: the carbonate of potassa
in the ashes, and the sulphate of ime m

the water unite, and form into sulphate

of potassa and carbonate of lime.

ondly—Wood ashes convert some of
the soluble salts of water into insoluble‘,_f.

¥
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and throw them down as a sediment:
by which means the water i1s rendered

more pure.
Why has RAIN-water such an UNPLEASANT

SMELL, when callecte_d m a g?wb or tank ? .
A. DBecause 1t 1s impregnated with

decomposed organic matters, washed from
roofs, trees, or the casks 1n which 1t 1s
collected.

Q. Whydoes 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 @
FLAVOUR fo water?

A. DBecause the sugar or salt (being
disunited into very minute particles)
oats about the water, and mixes with it
intimately.
Q.  Why does mor 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.

142
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Q. Why is sEa-water brackish ?

A. Because 1t holds in solution a
quantity of saline matter, of which com- *
mon salt 1s 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 § =
grains of other saline matter. !

Q. Why is NOT RAIN-water SALT, although
most of it is evaporated from the SEA?

A. Because saline matter will not
evaporate: and, therefore, when sea-
water is turned into vapour, its salt is:
left behind. |

W hy does STAGNANT water PUTREFY P |

A. Because leaves, plants, insects,

&ec., are decomposed in it.

Q. Why is STAGNANT water full of WORMS,
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 1nsects.
Q. Why 1is FLOWING wafer FREE from
IMPURITIES ?

A. DBecause its currents carry away
all contaminating subsiances to the sea,
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as fast as they appear in it; and there
they are diffused through so large a mass
of fluid, that they become 1mappreciable.

Q. Why does RUNNING water OSCILLATE and
WHIRL i its current ?

A. 1st—DBecause it strikes against
the banks, and is perpetually diverted
rom its forward motion: and
2ndly—DBecause the centre of a river

ows faster than its sides.

Q. Why do the s1DES of a river flow more
ARDILY tkan its CENTRE ?

A. DBecause they rub against the
anks, and are delayed in their current
y friction.

Q. Why does SOAPY water BUBBLE ?

A. DBecause soap makes water tena-
tous ; and prevents the bubbles from
ursting, as soon as they are formed.

Q. Whywill not water bubble WITHOUT SOAP?

A. DBecause it is not tenaciousenough
o hold together the bubbles that are

ormed.
Q. When S0AP-BUBBLES are blown from a
bipe, why do they ASCEND ¥

. A. DBecause they are filled with the
varm breath, which 1s lighter than air.
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CHAPTER XXVI.

—— e

ICE.

Q. What is 1cE?
A. Frozex water. When the tem-
perature of the air is reduced to 32
degrees, water will no longer remain in
a fluwd state. |
Q. Why is SOLID 10E LIGHTER than WATER? |

A. Because water expands by freez- ¢
mmg: and as its bulk 1s wncreased, its:
gravity must be less. |

Nine rubic inches of water become fen when frozen.

Q. Why do BWERS BREAK in @ FROSTY
NIGHT ? |

A. Because the water in them freezes;
and (ezpanding by frost) bursts the ewers
to make room for its increased volume. =

Why does it not expand vewarps (like §
boiling water) and RUN OVER? +| |
A. Because the swrface 1s frozen first; { |

and the frozen surface acts as a plug,.

which is more difficult to burst, than the:
earthen ewer 1itself. ',



FREEZING. 07

Q. Why do TILES, STONES, and ROCKS, often
SPLIT w1 winter? : .
A. DBecause the moisture in them

freezes ; and (expanding by frost) splits
the solid mass.

Q. Inwinter-time, FOOT-MARKS and WHEETL-
RUTS are often covered with an icy NET-WORK,
through the interstices of which the soil is elearly
seen,— W HY does the water freeze in NET-WORK ?

A. Because 1t freezes first at the
sides of the foot-prints: other erystals
gradually shoot across, and would cover
the whole surface, 1f the earth did not
absorb the water, before 1t had time to
freeze.

Q. In winter time, these FOOT-MARKS and
WHEEL-RUTS are sometimes covered with a perfect
SHEET of ice, and not an icy net-work,— Why is
THIS ?

A. DBecause the air 1s 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 ?
—Wuy is there only a very thin FILM or NET-
WORK of ice !

i
|
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o008 WATER-PIPES BURST FROM FROST.

A. DBecause the earth absorbs most of 1
the water, and leaves only the icy film
behind.

Q. Why do WATER-PIPFS frequently BURST
tn FROSTY weather ?

A. DBecause the water in them freezes ; . |
and (expanding by frost) bursts the pipes
to make room for its imcreased volume.

Q. Does not water expand by HEAT, as well
as by coLp ?

A. Yes; it expands as soon as it 18 F
more than 40 degrees, till it boils ; after
which time 1t flies off in steam. |

Freezing water, 320, 212¢ Boiling water.

Here A B measures the bulk of a portion of water at 40 degrees.
It goes on increasing in bulk to C D, when it boils.
It also goes on inereasing in bulk to E T, when it freezes.

. When does WATER begin to EXPAND from
cold ?
A. When it 1s reduced to 40 degrees.

It 1s wisely ordained by God that water
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shall be an exception to a very general
rule, 1t contracts till 1t 1s reduced to 40
degrees, and then 1t expands till 1t freezes.

The general rule is this—That cold condenses and contracts the
volume of nearly every thing; but water is not contracted by cold

after it has reached 40 degrees.

Q. Wuy does water expand when it freezes ?

A. Because 1t 1s converted mto solid

ystals, which do not fit so closely as the
particles of water did.

Q. Why is the BoTTOM 0f @ river SELDOM
FROZEN 7

A. DBecause water, when it becomes
older than 40 degrees, ascends to the
surface ; and (if 1t freezes) floats there,
il 1t 1s melted.

Q. Show the wispom of Gop in this won-
werful exception to a general law.

A. If 1ce were heavier than water, it
would sink; and a river would soon
vecome a solid block of ice, which could
never be dissolved.

Q. Why does not 1CE on the SURFACE of a
ver CHILL the water BENEATH, and freeze it ?

A. Ist—DBecause water is a very bad
onductor, and is heated or chilled by
JONVECTION only: and
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(immediately below the frozen surface):
passes through the pores of the ice into the

‘a solid mass of 1ce.

370 ICE.

2ndly—The ice on the surface acts ag
a shield, to prevent cold air from penetra-
ting through the river, to freeze the water
below the surface. |

Why does WATER FREEZE af the SUR-

FACE first 7
A. Because the surface 1s 1n contact
with the awr, and the air carries away its §
heat.

i does the coat of ice grow THICKE :’&
and THICKER, if the frost CONTINUES ? |

A. Because the heat of the water

cold azr.

. Why are not WHOLE RIVERS FROZEN |
(layer by layer), till they become solid ice 7

Because water 1s so slow a con-

Q. Why does not RUNNING waler freeze s0
FAST as STILL water ?
A. Because the rapid motion of the
current prevents the crystals from form- =
Ing into a continuous surface. |
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Q. When RUNNING water is FROZEN, why
is the 1CE 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 (lmpinging against
them) are arrested in like manner: and
the edges of the different flakes overlap-

ing each other, make the surtace rough.
Q. Why do soME parts of a river FREEZE
LESS than others ?

A. Because springs issue from the
bottom ; and, bubbling upwards, thaw
the 1ce, or make 1t thin.

When persons FALL into a river in winter,
why does the WATER feel comparatively WARM ?

A. Because the frosty air 1s at least

10 or 12 degrees colder than the water.

The frozen river below its surface is at least 40, ; but the air 320,
or even less,

Q.  Why is SHALLOW waler FROZEN more
QUICKLY than DEEP water ?

A. Because the whole volume of water
must be cooled to 40 degrees, before its
surface can be frozen: and 1t 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

1$ so great, that i1t requires a very long

-l

time to cool the whole volume down to "
40 degrees : |
ndly—The ebb and flow of the sea

the air: and
ordly—=Salt water never freezes,

below the freezing point of fresh water.
Q. Why do some LAKES RARELY (if ever, |
FRELZE P g

A. 1st—DBecause they are very deep i3
and 1
2ndly—DBecause their water 1s supplied |
by springs, which bubble from the bottom.*
Q. Why does the DEPTH of wafer RETARD |
its freezing ¢ .
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 1t will be before the
whole volume is thus reduced.

Q. Whydo serixas at the bottom of a lake
PREVENT s 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 27 @ THAW than in @ FROST.
Explain the reason of this.
A. When frozen water i1s thawed, 1t

absorbs heat from the awr, &c., to melt
the ice: in consequence of which, the
heat of the air is greatly reduced.

It is WARMER @2 @ FROST than in a
THAW. Japlain the reason of thas.

A. When water freezes, it gives out
latent heat ; and as much heat 1s libera-
ted from the water into the atmosphere,
the air feels warmer. (See N. B. p.

(. SALT DISSOLVES ICE. Eaxplain 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, 1t dissolves the ice.

Q. Will anything D1SSOLVE 1CE besides
SALT ?

A. Yes; any acid, such as sulphuric
acid, nitric acid, &e.
Anything which has a very strong affinity for water will liquefy ice.
K a
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Q. Why is @ mizture of SALT and SNOW
colder than sNow itself?

A. Because salt dissolves the crystals
of snow into a fluid: And whenever a
solid 1s converted into a fluid, heat is ab-
sorbed, and the cold made more intense.

Q. Why does ¥rROST make the EARTH CRACK ?
A. DBecause 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 Gop in this ar- |
rangement. :

A. These cracks in the earth let in
air, dew, rain, and many gases favourable
to vegetation. |

Q. Why does the EARTH CRUMBLE ¢7 SPRING ? 1}

A. Because the ice of the clods
dissolves ; and the particles of earth
(thrust apart by the frost) being left
unsupported, tumble into minute parts,
as soon as their cement of wce is dissolved.

Q. Why does MORTAR CRUMBLE away b
FROST ?

A. Because it was not dried in the



FROST CRACKS PLASTER. SO

warm weather : therefore, 1ts moisture
reezes, expands, and thrusts the particles
away from each other; but when the
frost breaks up, the water condenses, and
leaves the mortar full of ecracks and chinks.

Q. Why does STUCCO PEEL from @ WALL in
FROSTY weather ?

A. DBecause the stucco was not dried
i the warm weather ; therefore, 1ts mois-
ure 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-
SRS work in frosty weather ?

A. DBecause frost expands mortar,
and causes the bricks and plaster to
start from their position.

Q. Why do BRICKLAYERS cover their work
boith STRAW wn spring and autwmn ?

A. DBecause straw is a non-conductor,
ind prevents the mortar of their new
vork from freezing, during the ecold

ights of spring and autumn.
Kaz2
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Q. Why are WATER-PIPES offen vovered
with STRAW in winter-time ?

A. DBecause straw (being a non-con-
ductor) prevents the water of the pipes
Jrom freezing, and bursting the pipes.

Q. Why are delicate TREES covered with
STRAW 77 WINTER ?

A. Because straw (being a non-con-
ductor) prevents the sap of the tree from
being frozen. |

Q. Can WATER be FROZEN wn any way BE-:
SIDES by frosty weather ?

A. Yes; In very many ways. For:
example—a bottle of water wrapped i
cotton, and frequently wetted with ether,,
will soon freeze.

Q. Why would WATER FREEZE #f a bottle:
were kept constantly wetted with ETHER ?

A. Because evaporation would carry:
off the heat of the water, and reduce 1t.
to. freezing pownt.

Q. Why does WATER freeze under the RE-.

CEIVER of an AIR pump, when ether is present’
and the air exhausted ?

A. Because evaporationisvery greatly
increased by the diminution 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, If5 oz.of nitre, and 5 of sal-ammoniac (both finely powdered
be dissolved in 19 oz. of water, the heat of the liguid will be reduce
40 degrees.

3. If31bs. of snow be added to 11b. 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 lbs. of diluted sulphuric acid with 4 1bs. of snow.

Ice may be made in a red-fot vessel thus. Heat a platinum vessel
red-hot, pour into it a little water—then some liquid sulphurous
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 @ RIVER ?

A. Because the specific gravity of
salt water 1s greater, than that of fresh;
and. therefore, it buoys up the swimmer
betrer.

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 ; 1t the egg float, 1t 1s.

Q. Why will an BGe SINK #f the brine be
NOT STRONG enough for pickling ?

A. DBecause the egg will be the
K a3




978 SWIMMING.

heavier : but if as much salt be added as
the water can dissolve, the brine will

buoy up the egg, and cause 1t to float.
Q.  Why will an EGG TLOAT 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
are UNSKILFUL swimmers ?

i A. Because they struggle to keep
I their head out of water.
; Q. Eaplain how this 1s.
| A. When our head is thrown back
’ boldly mto the water, our mouth is kept
| abovethesurface,and we areable to breathe:
| But when the head i1s kept above the
it surface of the water, the chin and mouth
j' sink beneath 1it, and the swimmer is
i
|
:

suffocated.

This may be illustrated thus:—If a piece of wood be of such
specific gravity, that only fwe square inclies can float out of water;
it is manifest, that if two other inches are raised out, the two former
inches must be plunged #n. The body (in floating) resembles this
piece of wood—If two square inches of our face float out of the water,
we can breathe; but if part of the back and erown of our head be
forcibly raised above the surface, a proportional quantity of our face -
must be plunged in ; and our mouth becomes covered with water.
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Q. Why can QUADRUPEDS swim MORE EASILY
than MAN?
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A. 1st—Because the trunk of quad-
rupeds is lighter than water : and this 1s
the greatest part of them : and

2ndly—The position of a beast (when
swimming) 1s a natural one.

Q. Why 1is it MORE DIFFICULT jfor ¢ MAN
to swim, than for a BEAST ¢

A. 1st—Because his body 1s more
heavy in proportion, than that of a beast :
and |

2ndly—The position and muscular
action of a man (when swimming) differ
greatly from his ordinary habits; but

beasts swim 1n their ordinary position.

Q. Why can FAT men swim more EASILY
than SPARE men ?

A. Because fat vs lighter than water ;

and the fatter a man 1s, the more buoyant

will he be.

Q. How are FISHES able to ASCEND fo the
SURFACE of water ?

A. Fishes have an air-bladder near
the abdomen; when this bladder is
filled with air, the fish increases in size ;
and (being lighter) ascends through the
water to 1ts surface.
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Q. Howare fishes able to DIVE in a minute
to the BOTTOM of a stream ?

A. They expel the air from the air-
bladder ; in consequence of which, their
suze 18 dumimished, and they sink instantly.

CHAPTER XXVII.

LITGHT.

Q. What is L1gHT ?

A. Theunknown cause of visIBILITY.

The most commonly received theory of light is this. A fluid,
called the luminous ether, fills tp the intervening spaces between the
several particles of air. This fluid being set in motion, either by
some chemical change, by friction, or by some other means, is
thrown into a state of undulation ; and these undulations of ether
striking on the optic nerve, make the eye sensible of light, in much
the same way as undulations of air striking on the drum of the ear,
give us the sensation of sound. (See p. 47.)

Q.  Why can we not see through a BENT tube P

A. Because light propagates 1itself
m straight lines, so long as the density of
the medium through which 1t passes 1s
uniform.

Q. Why does an OPAQUE body cast @
SHADOW behind ?

A. Because it opposes the passage
of the light which falls on it, and cannot
pass through ut.
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Q. How dothe undulations of ether produce

LIGHT P )
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 phenomena of sound and light, It
is rather vibratory than undulatory.

Q. How FAST does LIGHT TRAVEL ?

A. All hight travels so fast, that 1t
would go eight times round the earth,
while a person counts ‘ oNE.”

All light ; whether the light of the sun, the light of a candle, or

the reflected light of houses, trees, and fields, travels in round
numbers 192,000 miles per second.

Q. Why are sSOME surfaces BRILLIANT (Like
glass and steel ) and others DULL, like lead ?

A. DBecause some surfaces reflect
much lght, and are brilliant; while
others absorb a great part of it, and
appear dull.

Q. Why can a THOUSAND persons SEE the
SAME OBJECT af the same time 7

A. Because it throws off from its
surface an infinite number of rays in all
directions ; and one person sees by one
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i portion of these rays, and another person
ki by another.

||[ , Q. Why is the eye PAINED by a sudden
i LIGHT ?

A. DBecause the nerve of the eye is
| burdened with rays, before the pupil has
LKl had time to contract.

i Q. Why does it give us PAIN ¢f a CANDLE
Al be brought suddenly towards our BED at night-time ?

{
f
|
i
I :
| A. Because the pupil of the eye
|: | dilates very much in the dark, in order
il to admit more rays. When, therefore,
il a candle 1s brought suddenly before us,
i the enlarged pupils allow the optic
| nerves to be overloaded with rays, and
e this causes pain.
1 Q. Why CAN we BEAR the candle-light after

|
|
{
’ 18 A. Because the pupils contract again

a few moments ?

i almost instantly; and adjust themselves
il to the quantity of light which falls upon
| ;iia,;-'*i them.

%i{-f! Q. Why can we SEE NOTHING, when we

E:T?’i-{i leave @ WELL-LIGHTED 700m, and go into the

DARKER ROAD 07 STREET ?
A. Because the pupil (which con-

tracted 1 the bright room) does not
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dilate instantancously ; and the contrac-
ted 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 fo the DARK?

A. DBecause the pupil dilates again,
and allows more rays to pass through its
aperture ; in consequence of which, we
see more distinctly.

Ifwe look at the SUN for a few moments,
why do all other things appear DARK ?

A. DBecause the pupil of the eye
becomes so much contracted by looking
at the sun, that 1t 18 too small to collect
sufficient rays from other objects to enable
us to distingmish their colours. (See
“ Accidental colours ;" pp. 421, 425.)

If we watch a bright TIvRE for a few
moments, why does the ROOM seem DARK ?

A. DBecause the pupil of the eye
becomes so much contracted by looking
at the fire, that 1t 18 too small to collect
sufficient rays from the objects around,

to enable us to distinguish their colours.

=,
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Why can we see the PROPER COLOURS 0
every object again, after a few minutes ?
A. DBecause the pupil dilates again,
and accommodates itself to the light
around.

Why can TIGERS, CATS, and OWLS, see in
the DARK ?

A. Because they have the power of
enlarging the pupil of thewr eyes, so as to
collect scattered rays of light more abun-
dantly: in consequence of which, the
can se¢ distinctly when it 1s not light

enough for us to see any thing at all.
Q. Why do oATs and OWLS SLEEP almos
all DAY ?
A. DBecause the pupil of their eyes1
very broad, and daylight fatigues them;
so they close their eyes for relief.

Q. Why do cats blink when they sit before
@ FIRE ?

A. Because the pupil of their eye 1
very broad, and the light of the fire 1
painful : so they keep shuttmw their eye
to relieve the sensation of too much light.

. Why do TIGERS, CATS, OWLS, §c., PROWI
&y wienr for prey 7
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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 N1GHT
only ?

A. Because the light of day 1s so
strong as to eclipse their feeble light:
in consequence of which, they are n-
vistble by day.

Q. Why can we NOT see the STARS in the
DAY-TIME

A. Because the light of day 1s 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 P _

A. DBecause their light 1s 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 obliquely; whereas
many stars will shine directly over the well. (See pp. 392, 393.)

Q. What is the USE of TWO EYES, since
they present only one vmage of any object ?
L &
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A. 1st—To enlarge our field of
vision :

Andly—To increase the distinctness
of vision :

Srdly—To diminish the fatigue of
vision : and

4thly—To supply the means of sight,
if one eye is injured or lost.

Q.  Why do we NoT see things DOUBLE, with
TWO EYES ?

A. Because both images fall on cor-
responding parts of the two retinge, which
are simultaneously affected.

Persons with oblique vision see double, because both the images
looked at, are not painted on points of the reting which correspond.

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 arethe rays of light REFLECTED by
@ MIRROR ?

A. Because they cannot pass through
the impenetrable metal with which the
back of the glass is covered: so they
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rebound back again, just as a marble
would, if 1t were thrown against a wall.

et
= T

When a marble is rolled towards a wall,
what is the path THROUGH WHICH IT RUNS |
called 7

A. The line of INCIDENGCE.

When a marble REBOUNDS back again,
what is the path it THEN describes called ? |

. The line of REFLECTION.
Y, O |

See fizure on p. 383. If AB be the line of incidence, then BC is -l__'
the line of reflection ; and vice versa.

e e e

When the light of our face goes to the r
GLASS, what is the path through which it goes
CALLED ?

A. The Line of tncidence.

Q. When the light of our face is reflected
BACK again from the mirror, what is this RETURN-
ING path called ?

A. The line of reflection.

Q. What is the ANGLE of incidence ? t

A. The angle between the line of
wcidence and the perpendicular. .f_

Q.  What is the ANGLE of reflection ? |

A. The angle between the line of
reflection and the perpendicular.

See figure on p, 388, II
La?2

= e ———
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S B S

Let 88 be any surface, PB a perpendicular to it—If a marble were
thrown from A to B, and bounded back to C; then ABP would be
called the angle of incidence, and CBP the angle of reflection.

Q. Why does our reflection in a murror
seem to APPROACH us, as we walk TOWARDS f:
and fo RETIRE FROM us, as WE retire ?

A. Because the lLnes and angles of
incidence are always equal to the lines
and angles of reflection ; 1n consequence
of which, the vmage will always seem to
be as far behind the mirror, as the real
object 18 before 1t.
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REFLECTION IN A MIRROR. 589

Suppose A to be a mirror—CA, EA, DA, and FA the lines of inei-
dence ; than 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=HAB, For a similar reason, if the arrow
were at EF, the image would seem to be at KL.

Why can a man see his WHOLE PERSON
reflected tn @ LITTLE MIRROR, 70t 6 wnches in

length ?

A. Because the lines and angles of
reflection must be always equal to the
lines and angles of incidence.

EQ M |
W i/
1]
V—
2 r

Let M m 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 per-
pendieularly 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 wnciden e

are always equal to the angles of reflection.
Lajd

T A
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. Here the arrow head A strikes the water at F, and is reflected as
if from D; and the barb B strikes the water at E, and is reflected
as if from C.

If a spectator stands at G, he will see the reflected lines CE and
DF, produced as far as G.

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. 388.

. When we see our REFLECTION 777 WATER,
why do we seem to STAND on owr HEAD !
A. Because the angles of incidence are

always equal to the angles of reflection.

The feet are nearest to the surface of the water, and must, there-
fore, seem so in the 1eflection; and the head which is more remote,
must also seema more distant from the surface of the water which

reflects it.

Q. Why do WINDOWS seem fo 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.
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Q. Why do xor windows reflect the NOON- 1
DAY rays also? |

A. They do, but the reflection is not

\

Q. Why is the reflection of the RISING and |
SETTING sun seen in the window, and NOT that of |
the NOON-DAY sun ? |

A. Because the rays of the noon-day |
sun glance off from the glass downwards, |
so that an observer could not readily |
behold both the window and the sun’s
reflection. |

Sun near noon.

A

Sun near the horizon.

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 tn |
E (the eye of t™e spectator.)
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Q. Why can we not see the sun’s reflection
in @ WELL, during the day-time ?

A. DBecause the rays of the sux full
so obliquely, that they never reach the
surface of the water at all, but strike

against the brick sides.

THE 3SUN

|

|

|

¥ E

|
|

J
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Let BDEC be 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 ouiside the well.
None will ever touch the water at DE,

.  Why are stAms reflected in a WELL,
although the sUN is Nom P

A. DBecause the rays of those sTARS,

which pass nearly overhead, 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 surface
of water in a well, so placed on the earth’s surface, that those
luminaries pass vertically overhead (i.e. between the tropies.)

Q. In a sheet of water at noon, the sun
appears to shine upon only ONE spot, and all the
REST of the water seems DARK,— W HY s this ?

A. The rays fall at various degrees
of obliquity on the water, and are reflec-
ted at similar angles; but only those
. which come from the spot where equal
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angles are formed, between the sun and
a perpendicular, and the eye and the
same line, are visible as glare.

S THESUN

Here, of the rays SA, 8B, and SC, only the ray SC meets the eye
of the spectator D. If a line were dropped perpendicularly over
C, the angles formed between that line and SC, and DC, would ba
equal.

The spot C, therefore, will appear luminous to the spectator D,
but no other spot of the water ABC.

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 sUN and MOON seem LARGER
at their RISING and SETTING, that at any other
time ?

A. The appearance is an illusion, in
consequence of terrestrial objects being
placed in close comparison with them at

one time and not at the other.

The sun has really the same apparent angular size when on the
horizon, and when 1115_,11 in the ELg The moon seems really smaller
when on the horizon than when high up.

Why do the SUN and MOON appear as if
Aatiened into oval forms when seen on the horizon ?

A. Because the lower portions of the
disc are more displaced by the refractive
power of the atmusphele than the top,
so that the wvertical diameter is reduced
in length. No such reduction takes
place 1 the transverse diameter, there-
fore the breadth seems longer than the
depth.

Q. How does LIGHT cause the pupil of the
eye t0 CONTRACT ?

A. The pupil of the eye is a round
hole, in the midst of a moveable muscular
curtain or screen, called the ¢ris. When
too much light falls on the nervous
retina at the back of the eye, it @mitates
1t ; and this #ritation is conveyed to the
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muscular rings composing the curtain b
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 form
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 se
to get fainter and fainter, although it still preserves its perfect
outline ; at last, it disappears all at once.

Why can we NOT SEE into the STREET o
road, when candles are lighted ?

A. DBecause the pupil of the eye:
(having become contracted by the light o
the room) 1s too small to collect rays
enough from the dark street, to enable
us to see objects 1 it.

Q. Why dowe often see the FIRE REFLECTED
in our parlowr WINDOW in winter-tume ?

A Because glass 1s a good reflector ;;
and the rays of the fire (striking againstt
the window glass) are reflected back into»
the room again.

Q. Why do we often see several reflectionss
of our TIRE or CANDLES 1 the window, while wer
are sitting in our parlour ?

A. 1st—Because both surfaces of the:
window glass reflect them ; and
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ondly—The reflections are multiplied
by imperfections in the glass.

Q. Way is this reflection more clear, if the |
external AIR be DARK ? i

A. Because the reflection 1s not 1l
eclipsed by brighter rays, passing through Il
Jrom the other side of the window.

Q. If'the smapow of an object be thrown on
a wall,—the CLOSER the object is held to a OANDLE, a
the LARGER will be its sHADOW. Why is this? |

A. Because the rays of light diwerge |
from the flame of a candle wn straight ‘
lines, like lines drawn from the centre of 1
a circle. |

Here the arrow A held close to the candle, will east the shadow

r,I-‘rr:n 2 wall; while the same arrow held at C would east only the
| little shadow DE. M A

I |
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Q. - Why does an AVENUE of TREES, or a long
straight STREET, seem to get NARROWER and nar-
rower in the distance, till the two sides appear to
MEET ?

A. Because the moie 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 width between the trees C and D will seem to be no more

than EF,

Q. In an AVENUE or long straight STREET,
WHY do TREES or houses seem to be SMALLER and
smaller as their distance increases ?

A. Because the more distant trees or
houses are, the more acute will be the
angle made by their perpendicular height
with our eye.
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MAGNIFYING AND DIMINISHING. 899

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.
Why do some glasses MAGNIFY objects,
and others diminish them ?

A. This depends upon the focus of
the glass: 1if a glass makes the focal
distance of an object longer, the object
appears diminished 1n size : if shorter, 1t
magnifies.

The foeal distance means the distanee at which the eye perceives
an object distinctly. A microscope magnifies by enabling the eye to
see an image closer to the eye, than would be possible otherwise.

In the last two figures it is evident—That the larger the angle
made by two lines connecting the object with the eye, the larger the
object will appear, and vice versa. But this angle becomes smaller
and smaller as the object is removed further from us. Thus the
angle CGD is less than the angle AGB. If alens therefore lengthens
T.L'IE focus, it diminishes objects; if it shortens the focus, it magnifies
them.

Q. Why does aman on the TOP of @ MOUNTAIN
or church spire, seem to be mo BIGGER than a
crow ?

A. Because the angles made in our
eye by the perpendicular hewght of a man
M a2

—
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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 MOON appear to us so much
LARGER than the STARS, though in fact it is a
great deal SMALLER ?

A. Because the moon 1s wery 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.c.
20 billions.)

If a ball went 500 miles an hour, it would reach the moon in
twenty days; but it would not reach the nearest fixed stur in
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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 nqrthe;n parts of ;
Scotland) after it has passed about three-guarters of a mile. |

. Why do the sux and MoON (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 1ssue
from the edge, and those which issue
from the centre of these bodies.

e —

M

.X .

The rays AD and CD appear to be no longer than the ray BD;
but if all the rays seem 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 straight line.

The rays AD and CD, in the case of the moon, are 240,000 miles
long.

The ray BD is 238,910 miles long.

s

Q. Why does DISTANCE make an object
INVISIBLE P 1

A. DBecause no wisible perpendicular
can be inserted between the lines which
form the angle : or because the light has
been made very faint by the distance.

The image formed within the eye, falls upon so small an area of
he internal membrane, that this is not able to affect its perception ; |
or it stimulates that area so faintly, thal no sense of sight follows, !

Mad
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Q. Why do TELESCOPES enable us to see
objects INVISIBLE fo the naked eye ?

A. DBecause they gather together
more luminous rays from obscure objects,
than the eye can; and form a bright
image of them in the tube of the teles-

cope, where they are magnified.

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 sa1e (out at sea) is approaching
shore, why do we STE the small MASTS, before we

see the bulky HULL ?
A. Because the earth is round ; and

the curve of the sea hides the hull from
our eyes, after the tall masts have be-
come 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.
W hat is meant by REFRACTION P

Q. . .
A. Bending a ray of Ulght, as 1t
passes from one modium to another.
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REFRACTION OF LIGHT. 405

Q. How s a ray of light BENT, when it
passes from one medium to another ?

A. When a ray of light passes into
a denser medium, 1t is bent towards the
perpendicular. When it passes nto 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 fowards
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 SEr light, as well-as
hear sounds, through a bent trumpet or horn ?

A. Because many substances reflect
the oscillations of sound, that do not

reflect the oscillations of light.
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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 hand, light may be transmitted
ﬂll‘t;ugh a bent tube, if reflecting mirrors are properly placed at the
angles.

Q. Why does a sP0ON {in a glass of water)
always appear BENT?

A. DBecause the light (reflected from
the spoon) 1s refracted, as 1t emerges from
the water.

II:
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Here the spoon ABC is refracted, when it enters the water, and

appears broken as ABD. ol A el
A common experiment, bearing a similar explanation, is this: Put

a shilling in an empty basin—move away till you just lose sight of
the coin—let some one pour clean water in the basin, and the shilling

will again become visible to you.

Q. Why does a river always appear more
shallow, than it really is ?

A. DBecause the light of the bottom
of the river is 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.

How much deeper 1s a river, than af
seems to be ?

A. About one-third. If, therefore,
a river seems only 4 feet deep, it i1s in
reality nearly 6 feet deep.
The exact apparent depth wouid be 41, To find the real depth
multiply by 4 and divide by 3—thus 44 X 4 - 3=0 feet real depth.
N.B.—Many boys get out of their 1:191;1:]1 1n bathing, in ennmulu-. nce
of this deception. Remember, a river is always one-third deeper

than it appears to be :—thus, if a river seems to be 4 feet deep, it is
in reality nearly 6 feet deep, and so on.

Why do fishes seem to be nearer the sur-
Sace 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. DBecause the cor'NEA of their eye
1s s0 promanent, that the image of distant
objects is formed before it reaches the
XETINA; and, therefore, is not distinctly
seel.
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Q.  What is meant by the “ cor'NEA of the:
EYE ?”’

A. All the transparent part of the
front of the eye-ball.

The curve ABC is called the:
COR'NEA,

If this curve be too prominent:
(or convex), the eye is near-sighted.

If too flat (or concave), the J
is far-sighted. h 5

Q. What is meant by the “RET'INA of the:
EYE "’

A. The net-work, which lines the:
back of the eye, 1s called the retina.

The net-work ABC is ealled the ret’ina,,

C D and the projecting part DEF is called the
cor'nea,
B E
A N.B.—This net-work is composed of
F spreading out of the fibres of the nerve o
vision.

The eye is covered with a tough pearly opaque membrane, calle
the sclerot'ric coat, going all round the eye except over the front
DEF %he cornea); at D and F it terminates and makes a groove,
into which the transparent cornea fits, just as a watch glass fits into

the metal rim made to receive it.
The opening just below A is the optic nerve, which enters
eye on that side nearest the nose; and after it gets into the eye,

expands into the lining called the retina.

Q. What sort of GLASSES do NEAR-SIGHTE

persons wear ?
A. If the cor'mea be too convex (or
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projecting), the person must wear double
concave glasses, to counteract 1t.

Q. What vs meant by “DOUBLE CONCAVE
GLASSES P”’

A. Glasses hollowed-in on both sides.

The figure A is double concave, or concave on both
A sides.

Q. WhereisthetMAGE of objects formed, if
the cornea be too convexr ?

A. If the cormea be too convex, the
image of a distant object is formed in the

vitreous humours of the eye, and not on
the retina.

Thus the image is formed at DE; and
not on ABC (the retina).

Q. What is the use of DOUBLE CONCAVE
SPECTACLE glasses ?

A. To cast the wmage further back ;
in order that it may be thrown upon the
refina and become visible.
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Q. Why are oLD people FAR-SIGHTED ?

A. DBecause the humours of their
eyes are dried up by age: in cense-
quence of which, the cor'NEA sinks in,
or becomes flattened.

Q. Why doesthe FLATTENING of the COR'NEA
prevent persons seeing objects which are NEAR Y

A. DBecause the cornea is too flat;
and the 1mage of any near object 1s not
completely fmmed when rays reach the
RETINA ; 1n consequence of which, the
1mage is imperfect and confused.

g i :
E B The perfect imaze would be made at DE ;
| and not on ABC (the retina).

Q. What sort of GLASSES do OLD people
WEAR ? e : .
A. As their cornea 1s not sufficiently

convex, they must use double convex
glasses, to enable them to see objects
near at hand. '

Q. What sort of glasses are “ DOUBLE CON-
VEX SPECTACLE GLASSES P”’
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A. Glasses which curve outwards on
both sides.

A The figare A is double convex, or convex on both
sides.

Q. What is the use of .DOUBLE CONVEX

spectacle glasses ?
A. To shorten the focus of the eye;

and bring the image of distant objects
upon the ret'ina.

Q. Why do NEAR-SIGHTED pﬁm‘ﬂ?w bring
objects CLOSE fo the eye, in order to SEE THEM ?

A. Because the refracting powers of
their eye are so great, that the image of
distant objects is formed m front of the
retna : but when objects are brought
near to the eye, their image 1s thrown
further back, and made to fall on the
ret'ina.

Because then thetays which come from them to the eye are more

divergent, and, theiefore, require more refracting power to bring
them to a focus.

Q. Why do oLp people HOLD objects FAR
OFF, wn order to see them better 7

A. Because the refracting powers of

N a

.
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thewr eyes ‘are mot great enough : when,
however, objects are held further off, it
compensates for this defect; and a per-
fect 1image 1s formed on the ret'ina.

Q. Why are BAWKS able to see such an
IMMENSE way off ?

A. DBecause they have a muscle
the eye, which enables them to flatten
thewr cornea, by drawing back the crystal-
line lens.

There is yet some little uncertainty as to the cause by which the
eye is enabled to adapt itself to varying distances.

Q. Why can BAWKS see objects within half-
an-inch of their eyes, as well as those a long
way off'?

A. DBecause their eyes are furnished

with a flexible bony rim; which can
throw- the cornea forward, and make the
hawk near-sighted (see p. 405).

Q. Into how many PARTS may a RAY of
LIGIT be DIVIDED ?
_A. Into three parts: BLuE, YELLOW,

and RED.

N.B. These three colours, by combination, make seven. 1.—RED,
9.—Oraxce (or red and yellow). 3.—YrLrow. 4.—GREEN (or
yellow and blue). 5.—BrLUE. —I-«.umo (a shade of blue); and

7.—VioLET (Or lue and red).
How is it known, that a ray of light
consists of several different colours ?
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A. Because a triangular piece of
olass (called a prism), will divide 1t into
these seven colours: 1.—Red; 2.—
Orange ; 3.—Yellow; 4.—Green; 5.—
Blue; 6.—Indigo; and 7.—Violet.

Q. Why does a PRISM DIVIDE a ray of light
into VARIOUS COLOURS ?

A. DBecause all these colours have
different refractwe susceptibilities.  Red
18 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 blue
part bent up to C: the yellow part to D;: and the red part no
further than E.

Q.  What is meant by the REFRACTION of a
ray ? "y
A. Bending 1t from its straight line.

Thus the ray AB of the last figure is refracted at B into three
courses, C, D, and E.

Q. What is the cause of a RAINBoW P
A. When the clouds opposite the sun
Na?2
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are very dark, and rain 1is still falling
from them, the rays of the bright sun
are divided into colours by the rain-drops,
as they would be by a prism.
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Let A, B, and C be three drops of rain; SA, 8B, and SC, three
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 eye
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 refrangib‘!n'(red] from A; the
next least (yellow) from B; and the most refrangible (blue) from C.
As, however, many drops are similarly circumstanced with regard
to the eye, arched bands of colours are visible, constituting the

ruinbow.
. .Does EVERY person see the SAME colou

Jrom the SAME DROPS !
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A. No: no two persons see the same
rainbow.

To another spectator the rays from SB might be red, instead of
vellow : the ray from SC, yellow ; and the blue might be reflected
from some drop below C. To a third person the red may issue
from a drop above A, and then A would reflect the yellow, and B
the blue, and so on.

Q. Why are there often TWO RAINBOWS, at
one and the same time ?

A. In one rambow we see the rays of
the sun entering the rawn-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 rain-drops at the
bottom, and reflected at 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 B,—is then reflected to C, where itisrefracted
again, and reaches the eye of the spectator, (See p. 414,)

Nas3j
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Here the ray SB (of the secondary rainbow) strikes the drop at
B, is refracted to A,—is then reflected to C,—is again reflected to
D, when it is again refracted or bent, till it reaches the eye of the
spectator,

Why are the coLoURS of the SE0OND bow
all REVERSED [

A. DBecause in one bow we see the
rays, which enter at the top of the rain-
drops, refracted from the bottom ;

But in the other bow we see the rays,
which enter at the bottom of the rain-
drops (after two reflections) refracted
Jrom the top.

See figure on next page.

Here ABC represent three drops of rain in the sEcoxpary (or
upper) RAINBOW.

The least refracted line is rep, 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. nnd_ the rEp (or the
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lenst refracted rays) of the lowest drops, all meet’the eye D, and
form a rainbow to the spectator.

The reason why the primary bow exhibits the stronger colours
is this—becaunse the colours are seen after one reflection and fwo
refractions : but the colours of the secondary (or upper) rainbow,
undergo fiwo reflections and fiwe 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 @ sSOAP BUBBLE exhibit such a
VARIETY of COLOURS ?

A. Because the thickness of the film |
through which the rays pass, 1s con-
5tantly varying.

Q. Why does the THICKNESS of the FILM
1ffect the coLoUR of @ soap bubble 7 |
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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 varies, different
colours reach the eye.

‘Where a spot on the bubble grows excessively thin, it appears
black, because it then transmits all the light and reflects none.

Q. Why is @ soA? BUBBLE so constantly
CHANGING ?/8 THICKNESS ?

A. DBecause water runs down from the
top to the bottom of the bubble, till the
crown becomes so thin as to burst.

Q. Why are SOME things TRANSPARENT ?

A. Because they are so constituted
as to allow the vibrations of light to
be uniformly transmitted through their
substance.

Q. Why are some things KOT TRANSPARENT ?

A. Because they are so constituted
as not to allow the vibrations of light to
be transmitted through their substance.

Therefore they are seen by light reflected back from them, instead
of allowing other bodies to be seen by light transmitted through
them.

Q. Why are DRY PAPER and calico (which
are OPAQUE) made transparent by being OILED ?
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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 :—Dby this means the substance
acquires the property of transmitting
vibrations of light.

Q. Why are sOME things SHINING, and
others DULL ?

A. DBecause some things reflect rays,
and are bright ; but others absorb them.

Q. WhydoDESERTS DAZZLE from sunshine ?

A. Because each grain of sand reflects
the rays of the sun, like a mirror.

Q  Why are the EDGES of CLOUDS more
LUMINOUS, than their CENTRES ?

A. DBecause the body of wvapour is
thinnest at the edges of the clouds.

Q. W=uY is a ray of 116HT composed of
VARIOUS COLOURS P

A. To vary the colour of different
objects. If solar light were of one wmi-
Jorm colour, all objects would appear of
that one colour, or else black.

Q. Some things are of ONE COLOUR, and
some of ANOTHER. FEzplain the cause of this.

A. Every ray of light is composed of

Jrr— )
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all the colours of the rainbow; and some
things reflect one of these colours, and
some another.

Q. Way do some things reflect ONE COLOUR,
and some ANOTHER ?

A. DBecause the surface of things is
differently constructed, both physically ana
chemically.

As the thickness of a rord affects the tone of it, so the thickness of
a lamina affects its colour, as may be seen in a soap bubble. Thin
tight cords produce sharp shrill sounds, and thin laminae produce

hlue and violet colours. Thick loose cords produce deep bass sounds,
and thick laminge red colours.

Q. Why is @ 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 Alolan harp.

Blue, or rather purple, is the high treble vibration of light, like the
upper C in music. In order to produce violet colour, the undulations

of ether must be 699 millions of millions per second : and in order
to make high C in musie, a cord must vibrate 516 times per second.

Q. Why 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.
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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 vibrations in a second :
aud in order to make low C in music, the air must vibrate only 258
tnes I a second,

Q. Why is @ PRIMROSE YELLOW ?
A. Yellow is made by the medium
vibrations, as the middle C in music.

Q. Why are some things BLACK, like coals P

A. Because their surface will not
reflect the undulations of ether which
touch 1t : 1n consequence of which, they
cease.

) These surfaces are to light, what insonorous substances are to
sound.

Why are some things WHITE, like a lily ?

A. Because their surface is so con-
structed as to set in motion the undula-
tions of ether, so that all the rays are
reflected together, as harmonious tones
in a full chord of musie. |

Q. Why are TROTH, SPRAY, many CLOUDS,
| FAT, LIME, THREAD, §¢., &c., white ?

A. Because they consist of an infinite
number of little particles piled one upon
another, which are able to reflect all the
coloured rays.

e
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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, &e., see p. 351.
Q. Why are the LEAVES of plants green ?
A. DBecause a peculiar chemical prin-

eiple, called chorophyll, 1s formed within

theiwr cells.

Chlorophyll yAwpdr ¢piddov, (@ green lecs) is the green matter
of vegetable substances. Pronounce klo/-ro-fill.

Q. Why are leaves a L1IGHT green in SPRING 2

A. Because the chlorophyll 1s not
fully formed.
Q. Why do leaves twrn BROWN 22 AUTUMN ?
A. Because the chlorophyll under-
goes decay ; and is not replaced as it is
In Spring.
Why are plants @ PALE YELLOW, when

kept in the DARK ?
A Because chlorophyll can be formed

only by the agency of the sun's rays.

Q. Why are POTATOES YELLOW ¥
A. Be{,ause they are grown wunder-

ground : and, therefore, can form mno
chlorophyll in thewr tubers.
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Q. Why are potatoes (which grow EXPOSED
to the air and light ) GREEN ?

A. Because chlorophyll 1s formed 1n
them, under the influence of the sun’s

light.
Q. Why do the STARS TWINKLE ?

A. Because rays of light, proceeding
from the same centre of vibration, destroy
each other, owing to the inequality of
their paths, producing recurring periods
of momentary darkness.

The differing refrangibility of the 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 advertcd
to in pp. 418, Llﬂ —In this particular we find another foreible re-
semblance, viz.

I. Two S0UNDS 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
bealer, the air will instantly assume sonorous vibrations, and a
tone 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 18
silenced ; and this may be repeated several times.

IT. So also Two RAYS OF LIGHT INTERCEPTING EACH OTHER at
opposite phases, will PRODUCE DARKNESS,

Because the depression of one set of waves will be exactly mea=
ml:l}*erl by the elevation of the other set, and vice versa. To explain
Lhiy,—

0 a
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+I | +1 ' B/ .
A A A g

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.
Mj A
=L gl —1 1
m B

Again, suppose A the undulations 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 destroyed by the
depressions and elevations of B; and the result of such an inter-
ference may be illustrated by the following algebraie formula :

+ — +
&

+ — +
i *

W

Here A D is a wave, A C one phase, C D its opposite phase.

Q. If you move a stick (burntat one end)
pretty briskly ROUND, it seems to make @ CIRCLE

OF FIRE, — WHY 18 this? ‘ :
A. Because the eye retains the vmage
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of any bright object, after the object itself
is withdrawn ; and as the spark of the
stick returns before the vmage has faded
from the eye, it seems to form a complete
curcle.

Q. If separate figures (as aman and a horse)
be drawn on different sides of a card, and the
card TWISTED quickly, the man will seem to be
seated on the horse,— WHY s this ?

A. Because the image of the horse
remains upon the eye, till the man appears.

The Thaumatrope is constructed on this principle ; it was invented
by Dr. Paris, and consisted at first of a piece of circular card, having
two silk strings fastened at the two extremes of its diameter : by
twisting the strings, the card is turned round with great rapidity,
and the man on one side of the card seems seated on the horse
painted on the obverse side. The magnificent conformations of
coloured waves, by the same instrument, is a great improvement
on the original toy.

Q. If we look at e RED-hot FIRE for a few
minutes, WHY does every thing seem TINGED with
@ BLUISH GREEN colour ?
A. DBecause bluish green 1is the
““ ACCIDENTAL cOLOUR™ of red: If we fix
our eye upon any colour whatsoever, we
see every object tinged with its accidental
| colour, when we turn aside.
¢ Accidental colour,” see note, p. 425.

oa?2
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Q. Why does the eye perceive the ACOIDENTATL
COLOUR, when the fundamental one is removed ?

A. Because the nerve of the eye has
become tired of the one, but still remains
fresh for the perception of the other.

Q. If we wear 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 a VIOLET colaur,—

Wiy is this?
A. DBecause violet 1s the ““ accrdental

colour” of yellow ; and as the sun is yel-
low, 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. Partlyso: the pupil of the eye is
very much contracted by the brilliant hight
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 wiolet, would tend to throw a
shadow upon all things. (See p. 383.)

Q. Why is BLACK glass for spectacles the
BEST for wear, in this respect ?

A. Because white 1s the accidental
colour of black; and if we wear black
glasses, every thing will appear wn white
light, when we take them off. .

Q. Why does every thing seem shadowed with
a BLACK MIST, when we take off owr common
SPECTACLES ?

A. DBecause the glasses are white :
and black being 1its ““ accidental colour,”
every thing appears in a black shade,
when we lay our glasses down.

The accidental colour of red iz blnish green.
” 2 »  of orange ,, blue.
» ” »»  Of violet ,, yellow.

+ . 55 of black s White,
And the converse of this is true :—
The accidental colour of bluish green is red.

i i T of blue yy Orange,
] " ) of }'EI!DW ys Violet,
A of white sy Dlack,

n n

(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 leg will hit upon its accidental colour.)

N.B.—The spectrum means the seven colours (red, orange, yellow,
green, blue, indigo, and violet,) divided into seven equal bands, and
placed side by side in the order just mentioned,
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CHAPTER XXVIIL.

SOUND.

How s SOUND produced ?

A. The vibration of some sonorous
substance produces a corresponding mo-
tion in the air, which strikes upon the
drum of the ear, and gives the sensation
of sound.

Q. What are MUSICAL SOUNDS ?

A. Regular and uniform successions
of vibrations.

. How fast does SOUND TRAVEL ?
A. About 13 miles in a minute, or

1142 feet in a second of time.

Light would go 8 times round the whole earth, while sound is
going its 13 miles.

Q. Why are sOME things sonorous, and others
NOT P

A. The sonorous quality of any
substance, is connected with its hardness
and elasticity.

Q. Why are COPPER and IRON SOROIous,
and not LEAD !
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A. Because copper and iron are hard
and elastic ; but lead, being neither hard
nor yet elastic, is not sonorous.

Q. Of what is BELL-METAL made ?

A. Of copper and tin 1n the following
proportions :—In every 5 pounds of bell-
metal, there should be 11b. of tin, and
4 1bs. of copper.

Q. Why is this mizture of tin and copper
used for BELL-METAL ?

A. Because 1t 1s 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 owr finger ?

A. DBecause the weight of our finger
stops the wvibrations of the bell: and as
soon as the bell ceases to vibrate, 1t ceases

to make sound-waves in the air.

Why does a sprit bell make a hoarse
disagreeable sound ?

A. DBecause the split of the bell
causes a double wmbration: And as the
sound-waves clash and jar, they impede
each other’s motion, and produce discor-
dant. sounds.
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Q. Why do FIDDLE-STRINGS give musical
sounds ?

A. DBecause the bow causes them to
mbrate ; and this vibration sets in motion
the sound-waves of the air, and produces

musical notes.
Q. Why does a DRUM sound ?
A. DBecause the parchment head of

the drum wvibrates from the blow of the
drum-stick, and sets 1m motion the
sound-waves of the air.
Q. Why do MUSIOAL GLASSES give sound ?
A. Because the glasses vibraic when
they are struck, and set i motion the
sound-waves of the air.

Q. Why do ¥LuTES, §e., produce musical
sounds ?

A. DBecause the breath of the per-
former causes the air wn the flute to
vibrate ; and this vibration sets in motion
the sound-waves of the air.

Q. Why do PIANO-FORTES produce musical
sounds ?

A. Decause each key of the piano
(being struck with the finger) hfts up a
little hammer, which knocks against a
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string ; and the vibration thus produced,

sets in motion the sound-waves of the air.
Q. pI’V?}y are some mnotes BASS, and some
TREBLE I
A. Because slow vibrations produce
bass or deep sounds ; but quick vibrations

produce shrill or treble ones.

The deepest bass sound audible is produced by 32 vibrations in a
secomd , the sharpest treble sound by 13,000.

Thea note of any higher octave is produced by twice as many vibra-
tions, as the corresponding note of the octave b low. Thusif Con
the piano be produced by 258 vibrations in a second, then the octave
(or eighth note higher) would be produced by 516 vibrations in the
same time, and the eighth note lewer by 129 vibrations. (See p. 418.)

Q. Why is an instrument FLAT, when the
strings are UNSTRUNG ?

A. DBecause the vibrations being too
slow, the sounds produced are not shrill
or sharp enough.

Q. Why can persons, living a mile or two
Jrom a town, hear the bells of the town-church
SOMETIMES, and not at OTHERS P

A. DBecause fogs, rain, and snow
obstruct the passage of sound ; but when
the air 18 cold and clear, sound is propa-
gated more easily.

The direction of the wind will often account for this fact.

Q. WHuY can we NOT hear sounds (as those
of distant church bells) in RAINY or snowy weather,
s0 well as in FINE weather 7
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A. DBecause falling rain or snow
interferes with the undulations of the
sound-waves, and stops their progress. ¥

Q.  Why can we HEAR distant clocks MOST
distinctly in clear cOLD weather ?

A. DBecause the air i1s of more uni-
form density, and there are fewer currents
of air, of unequal temperature, to in-
terrupt the sound-waves.

Besides, dense air can propagate sound-waves more readily than
rarer air.

Q. Why can persons (near the POLLS) hear
the YOICES of men in conversation a MILE distant
wn winter tume ?

A. Because the air is very cold, clear,
and still ; in consequence of which, there
are but few currents of air of unequal
temperature to interrupt the sound-waves.

Captain Ross heard the voices of his men in conversation a mile
and a half from the spot where they stood; and Lieuntenant Foster

held a conversation with 2 man across the harbour of Port Bﬂtren,
(in the North Sea,) a distance of a mile and a quarter.

. Why are not SOUNDS (such as those of
distant church bells) heard so distinctly on a HOT
DAY, as in frosty weather ?

A. 1st.—Because the density of the

air 1s less uniform in very hot weather:
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ondly—I1t is more rarefied ; and, con-
sequently, a worse conductor of sound:
and

3rdly—It 1s more liable to accidental
currents, which impede the progress of
sound.

Q. Why ecan we not hear sounds (such as
those of distant clocks) so distinctly in a thick
MIST or HAZE, as in @ clear night 7

A. DBecause the density of the air is
not so wmiform when 1t 1s laden with
mist; in consequence of which, 1its
sound-waves are obstructed in their
Drogress.

Wﬁf;_g; do we hear sounds better by NIGHT,
than by DAY ?

A. Ist—Because night air is of more
uniform density, and less liable to acet.
dental currents ; and

Qndl}ml\wht 15 raore stull, from the
suspension of busmess and Lhe hum of
men.

Q. Whyisthe air of more UNIFORM den-
sity by N16uYT, 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,
fo PREVENT the voices wn adjoining rooms from
being heard ?

A. The space between the laths (or
canvass) should be filled with shavings
(or saw-dust ;) and then no sound would

pass from one room to another.

Q.- Why would shavings, or saw-dust, PRE=
VENT the transmission of sound jfrom room to
room

A. DBecause there would be several

different media for the sound to pass:
through : Ist—the air: 2ndly—the laths:
and paper: 3drdly—the saw-dust or sha--
vings: 4thly—lath and paper again ::
Sthly—the air again: and every change:
of medium recists the progress of the:

sound-waves.
Q. Why can DBAF people hear through an
EAR TRUMPET ?

A. DBecause 1t restrains the spread of
the voice, and limits the diameter of tl
sound-waves ; in consequence of which,
their strength 1s increased.

Q. Why are MOUNTALNS noiseless and quietf
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A. Beeause the air of mountains i1s
very rarefied ; and rarvefied air is a bad
medium for conducting sound.

On the other hand, slight sounds in a r:hﬂng-bell when the air is
much condensed by the upward pressure of the water, are very

intense, and sometimes even painful.

Q. How do you know, that the rarity of air
DIMINISHES the intensity of sound ?

A. 1If 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 1s almost tnaudible.

. What is the cause of BCHO?

A. Whenever a sound-wave strikes
against any obstacle (such as a wall or
hil 1) 4t vs reflected (or thrown back); and
this reflected sound is called an EcHoO.

The same laws govern echo as light. (See p. 387.)
What places are most famous for Tomo ?
A. Caverns, grottoes, and ruined
abbeys; the areas of halls; the windings
of long passages : the aisles of cathedral
churches : mountains, and icebergs.

Why are caverns, and grottoes, FAMOUS
Jor 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.

!
4=

S Why are halls, winding passages, ruins,
and cathedral aisles, FAMOUS for ECHOES ?

A. Because the sound waves cannot
flow freely forward in them: but strike
agamnst the opposing walls and are

beaten back.

Y Q. Why are MOUNTAINS and ice-bergs
FAMOUS for ECHORS ?

A. Because they present an insur-
mountable barrier to the sound-waves,
and throw them back again.

Q. Why do not the warLs of an ordinary
ROOM or small church produce perceptible ECHO ?
A. Because sound travels with such
velocity, that the echo 1s blended with the
sriginal sound ; and the two produce but

one vmpression on the arr.

Sound travels 13 miles in a minute; and no perfect echo is heard
unless the surface (against which the sound strikes) is 65 feet from
the place whence the sound originally proceeded.

Q. Why do very LARGE buildings (as cathe-
drals), often REVERBERATE the voice of the
spealker ?

A. Because the walls are so far off
from the speaker that the echo does not
get back in time to blend with the original
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sound; and, therefore, each is heard
separately.

Q. Why do sOME echoes repeat only ONE
syllable ?

A. Because the echoing body 1s very
near. 'The further the echoing body is :
off, the more syllables 1t will reflect :  1f,
therefore, it be very mear, 1t will repeat
but one syllable.

Q. Why does an ECHLO sometimes repeat TWO
or more syllables ?

A. Because the echoing body 1s far
off ; and there is time for one reflection
to pass away, before another reaches the
ear.

N.B.—All the syllables must be wftered before the echo of the
first syllable reaches the ear—If, therefore, a person repeats seven
syllables in two seconds of time, and hears them all echoed, the
reflecting object is 1142 feet distant; (because sound travels 1142
feet in a second, and the words take one second to go fo the reflect-

ing object, and one second to return.)

Q. Why are TWO or more ECHOES sometimes
heard ?

A. Becanse separate reverberating
surfaces receive the sound, and reflect it
In succession.

Seventeen miles above Glasgow (Scotland) near a mansion cailed
Rosneath, is a very remarkable echo. If a trumpeter plays a tune,

P a2
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the echo will begin the same tune and repeat it all accurately :—as
soon as this echo has ceased, another will echo the same tune in a
lower tone ; and after the second echo has ceased, a third will suc-
ceed with equal fidelity, though in a much feebler tone.

At the Lake of Killarney, in IrerLAxD, there is an echo, which
plays an excellent * secon " 1o any simple tune played on a bugle,

. Why do WINDOWS RATTLE when CARTS
pass by a house ?
A. 1st—DBecause glass 1s sonorous ;

and the air communicates 1ts vibrations
to the glass, which echoes the same
sound : and

ondly—The window-frame being sha-
ken, contributes to the noise.

Window frames are shaken, 1.—By sound-waves impinging
aguinst them ; 2.—By a vibratory motion communicated to them by

the walls of ti:e house.

CHAPTER XXIX.

e

MISCELLANEOTUS.

Why do the BUBBLES in @ CUP of TEA
range round tke SIDES of the cUP?

A. DBecause the cup attracts them.
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Q. Why do all the LITTLE BUBBLES tend
towards the LARGE ones ?

A. Because the large bubbles (being
the superior masses) attract them.

Q. Why do the BUBBLES ¢f @ CUP OF TEA
FOLLOW @ TEA-SPOON ?

A. DBecause the tea-spoon atiracts
them.

Q. Why are the sIES 0f a pond covered
with LEAVES, while the MIDDLE of the pond is
quite CLEAR P

A. Because the shore attracts the

leaves to itself.

If there be any wind stirring, it will drive floating bodies to one
side independently of this attractive force.

W hy do all fruits, &e. (when severed from
the tree) ¥ALL to the BARTH ?

A. Because the earth attracts them.
Q.  Why dopersons (who water PLANTS) very

often pour the water into the SAUCER, and not
over the PLANTS ?

A Because the water in the saucer
1s 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 caprrrAry |
ATTRACTION. (See p. 70.) |

Pa3d
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Q. Why s vegetation on the MARGIN of a
RIVER more LUXURIANT, than ¢n an open FIELD ?

A. Because the porous earth on the
bank draws up water to the roots of the
plants by CAPILLARY ATTRACTION.

Why is a LUMP of suear (left at the
bottom of a cup) so LONG tn MELTING

A. DBecause (as it melts) it makes the
tea around 1t heavier : and (so long as it
remains at the bottom) 1s surrounded by
tea fully saturated with sugar; i con-
sequence of which, the same portions of
Lqmd will hold no more sugar in solution.

Q. Why does a LUMP of SUGAR MELT more .
QUICKLY, when STIRRED ABOUT ?

A. Because fresh portions of unsatu-
rated tew come in contact with the lump,

and soon dissolve it.
Why does a PIECE OF SUGAR (held in a
spoon at the TOP of our tea) melt very RAPIDLY ?
A. Because, as the tea becomes

sweetened, 1t descends to the bottom of the
cup by its own gravity ; and fresh portions
of unsweetened tea are brought con-
stantly into contact with the sugar, till
the lump is entirely dissolved.
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Q. How can a SICK ROOM be kept FREE from
unhealthy EFFLUVIA ?
A. By sprinkling it with a solution

of chloride of lime.

Q- Why is CHLORIDE of LIME wused ?o
Sumigate a sick room ?
A. Because the chlorine absorbs the

nozious gases of the confined air ; and by
this means removes both the offensive
smell and the wnfection of a sick room.

Q. Why does 1IME destroy the offensive
smells of BINS, SEWERS, {¢. ?

A. DBecause 1t 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. FEather by washing with PYROLIG-
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 boiled.

Q. Why do these things DESTROY the TAINT
of meat ?

A. DBecause they combine with the
putrescent particles, and neutralize their
offensive taste and smell.

—
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Q. Why should BED-ROOMS, COTTAGES, ITOS-
PITALS, and STABLES, be washed occasionally with
LIME-WHITE ?

A. Because lime s very caustic, and
removes all organic maiters 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 night’s
rest, a man 18 taller than when he went

to bed.

Q. What is SLEEP ?

A. Sleep is the 7est of the brain,
and the sensitive and motor parts of the
nervous system.

¢ Motor’ (from the Latin moveo to move,) those parts which are
connected with animal motion,

Q. Why do we not SEE, when we are asleep
with our EYES OPEN ?
A. Because the ¢ RETINA of the eye”

is tnactwe and at rest. (See p. 406.)

Q. Why do we not HEAR in sleep P

A. Because the nerve of hearing
(seated within the TyaraNUM of the ear)
18 at rest.
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Q. Why do we not TASTE, when we are
asleep ?

A. Because the nerves at the end of
the tongue (called papillee) are imactive
and at rest.

Q. Why do we not TEEL when we are asleep ?

A. DBecause the ends of the nerves
(called papillee) situated in the skin, are
mactive and at rest,

Some of the phenomena of dreaming seem to show that the fune-
tions of the organs of sense are performed. It is the power of
perception rather that 1s dormant,

Why have persons in sleep mo WILL of

their own, but may be moved at the will of any one ?

A. Because the entire nervous system,
upon some of whose functions the exer-
cise of will depends, 1s enactive and
at rest.

Q. Why has a DREAMER no power of JUDG-
MENT 07 REASON ?

A. DBecause the parts of the brain
concerned in the performance of these
tunctions are wnactive and at rest.

Q. Why does a person FEEL when he is
TOUCHED ?

A. DBecaunse the ends of certain nerves
which terminate in the skin, are excited :
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and this produces a nervous sensation,
called FEELING.

The termination of the nerves mentioned are called * Papille.”

Q. Why arepersons able to TASTE DIFFERENT
FLAVOURS ?

A. DBecause the “ rariLLz” of the
tongue and palate are excited when food
touches them; and this produces a
nervous sensation, called TASTE.

W hat 1s the use of saliva ?

A.  1st—It mixes mechanically with
our food, reducing 1t to a soft pulpy
state : and

ondly—It has certain chemical pro-
perties, which greatly assist digestion.

Why does the savour of delicious food
make the MoUTH of a hungry man WATER?

A. Because the salivary glands are
excited by the savour of the food.

This is a wise provision of God, who thus excites the flow of

galiva by the odour of the food, before it is needful to masticate and
swallow it.

Q. Why is saLiva frothy?
A. Because it contains air, in order

that it may introduce oxygen into the
stomach.




APPENDIX OF MISCELLANEOUS QUESTIONS

For the ingenious reader to solve.

e

The fizures 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 2 p. 211.

2. Why does an ear in water appear bent ? p. 404.

3. If a pece of brown paper be submitted to the action of a
burning-glass, it will catch fire much sooner than a piece of white
paper would: Why so? p. 195.

4. Why does a blue dress appear green by candle-light 2 p. 41.
5. Why does the sun look red in a fog 2 p. 145.

6. An ink-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. If the ‘“copper” (or boiler) attached to a kitchen range be
filled with cold water after the fire has been lighted some time, it
will very often burst: Why? pp. 126, 127.

10. Why do all things appear black in the dark ? p. 418,

11. Why are the jflag-stones of our streets frequently loosened
after a frost 2 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 Palacel pp. 182, 183.

HE;SW'hy is loose clothing warmer than that which fits close?
p. 183.

15. Why does wetling a cornelian make it more {ransparent &
p. 421.

16. Why does painting iron prevent it from rusting 2 p. 259,

17. Why is a dull fire revived by sweeping clean the hobs, bars,
ash-grate, &c., of the stove? pp. 52, 53.

18. Why does stirring a dull fire serve to quicken it? pp. 52, 53.
19. Why does soapy water *“lather?” p. 3635,

20. Why is well-macde bread full of holes or eyes 2 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 wet sponge ( lean a slate ? p. 362,
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" L:fz'l Why do sfars twinkle more than usual just previous to rain 2
25. Why does milk boil over more readily than water? p. 365.
26. If a picture be glazed, you cannot see it in certain positions:

Why not?  p. 396.

7. Dust very rarely flies by night: Why so! p. 227,

28. Why does the cork of a soda-water bottle make a loud report,
when drawn{ p. 108.

29. 'Why does the cork of w soda-water bottle fly off, as soon as it
has been released from the bond which held itin? p. 277.

'3;] A Why do our hands and lips chap in frosty and windy weather?
p. 333.

8l. When a black subsoil is dug or ploughed up, it turns of a
reddish browsn after a short time : Why is this? p. 260,

32. Why are decaying vegetables always wet 2 p. 284.

33. If a house be faced with sfucco to resemble stone, why does
the facing very often flake off in winter, and leave the house un-
sightly? p. 375.

34. Why do the lustres of a chandelier seem tinted with such
various and beautiful colours 2 p. 411.

35. Horn is transparent, why are not horn shavings transparent
also? p. 416.

36. When a glazier is mending a window, and cleans the pane
with his brush, why do the loose pieces of putty (on the opposite
gide of the window-pane) dance up and down? p. 293.

37. When you rub a piece of paper with Indian rubber, why is it
Ricky ? p. 29,

38, If you dry a piece of common brown paper by the fire, and
fraw it once or twice between your two knees, why will it stick fast
o the wall! p. 29

39. Why can persons be heard (in a calm day) at a greater distance
on the sea, than on land? p. 430,

40. The height of mountains may be ascertained by a barometer:
Explain the reason of this? p. 335.

41. How does starch assist in giving a smooth glazed surface to
linen ® p.421.

42 1Ifa drop of water be spilt on a table cloth, why will it spread
in all directions? p. 76.

43. Why does salt preserve meat? p. 438,

44, Why does melted waz become hard when cold ? p. 169,

45. Why does paint often blister from keat # p. 375.

46. Why are rotting leaves hot ? pp. 58, 283.

47. Why are rotting leaves damp ? p. 283.

48. Why does bread become hard, after it has been kept a few
days? p. 169,
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49. Why are plants white which are kept-in the dark? p. 420,

50. Why does oil become thick in winter-time ?

51. Why does a pop-gun make a loud repori when the paper bullct
is discharged from it? p. 107.

52. Why does stéam make tke engine of a locomotive whistle 2
p 116.

53. Why will bright iron lose its polish, by beiag put into a fire ?
p. 258,

54. Why does sound seem louder in caves than ona plain? p. 431.

55. Why does paint preserve wood ?

56. Why does mother of pearl show so many colours?

57. Why can you fill a dry glass beyond the level of the brim?
pp. 436, 437.

58. If you leave a little tea in your cup, and put your spoon in,
why does the fea rush to the spoon 2 p, 436,

59. When liguor is poured from a bottle, why does it gurgle 2
p. I87.

60. Why will lucifer matches ignite by merely drawing them
across any rough surface? pp, 104, 2908,

61. Why will they not ignite, if they are damp 2

62. When our likeness is reflected in a looking-glass, the entire
image is reversed, our right cheek is the left check of the reflection ;
it we lift our right arm, the reflection moves the left arm, and vice
versa.:; Why is this? p. 388.

63. A silver tea-spoon becomes more heated by hot tea than one
of inferior metal (as German zilver, Nickell, &e.): Why? p. 172.

64. Ifyouscrapeaslip of paper withaknife, why willthe paper curl?

65. Whydoesthestoppleofadecanter stick fast, ifitbe putindamp?

66. Why does the stopple of a smelling bottle 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?

i9. Why does a lobster, which is dlack while alive, turn red by
being boiled ?

70. Why does a shrimp, which is nearly white while alive, turn
¢ ed by being boiled 2

1. Why is the shadow of the moon stronger than the shadow of
the sun?

72. Why does hartshorn take out the red spot in cloth, nroduced
by sulphuric or any other acid ?

3. Why will powdered sulphur quench fire more rapidly than
water 1

i4. llow does starch serve to stiffen linen?

Qau
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75. Why should lightning conductors be pointed ?

76. Why do bricks turn green, after they have been exposed to
the weather !

77 When potatoes are boiled, why are those at the fop of the
boiler cooked sooner than those nearer to the fire?

78. If a silver spoon, which has been tarnished by an egg, be
rubbed with a little salf, why will the tarnish disappear?

79. Why are books discoloured by age or damp?

80. Why does sour milk curdle ?

81. Why does churning milk convert it into butfer ?
82. Why does the sun or fire warp wood ?

83 Why does the sun fade artificial colours ?

84. When a knife is sharpened on a grindstone, why is ol or
water used?

ﬂ.'i.? Why does bread become mouldy, after it has been kept a few
days

86. Why dces meat pulrefy sooner in hot, damp weather, than in
cold?

7. Birds, after they are killed, keep longer in their feathers than
when they are plucked : Why is this?

88. Why do plants, which are kept in a window, bend to the glass ?
89. Why does Indian rubber erase pencil marks from paper?
90. Why does water rot wood ?
- 915 ‘Why does water make a hissing noise when it is poured on
re
92, Why will het iron bend more easily than cold ?
93. Why does iron turn first red and then white from heat ?
94. Why does lot water freeze more quickly than cold 2
95. Why does water freeze more quickly than milk ?
96. Why are glue, gum, starch, and paste adhesive?

97. Why does a railway ¢rain-make more noise, when it passes
over a bridge or meadow, than when it runs over solid ground ?

98. Why does milk boil more quickly than water?
99. Why will milk burn more readily than water?
100. Why is it impossible to write on greasy paper ?
101. Why does rain ** bring down the cold ?”
102. Why does turpentine take out grease spots from cloth{
103. Why does ozalic acid take out ink spots?
104. Why does wazing cotton or thread make it stronger ?
105, Why is a stick made flexible by boiling itl
106. Why does manure make land fertile #
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between the bars 46

& @ @ F E" @ oE W

P A OO0 Ca

burns up coals.. 40
FOLOWE s aaiaiaie e ity
BLoOD s o ae .o 247,266
purple ...csvees 248
Tedl, o afeis e ass 2, 249
starts from wounds 86
Blowers .c.oevces sl O

Blowing covols food 186, 329

tindeér %, Nosi .. AN

BLUR (st s i saieie WAL

cause of .. 418, 424

resembles treble 418

BKY sesevececss 146

spectacles .... 423

sublimate 488

Broad eloth wrrmest .. 183

. Bopy dead, smells.... 297

I felof . Slae st e uid

| warm .. 87, 89, 2589
‘Boiler (see saucepan.)

Boiving

WATER bubbles .. 117

furrof ...« 201

heat fixed.. 241
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BoininG (continued) PAGE| PAGW.
WwATER makesit flat 288 | BREEZE sea cool .... 327

is in a ferment 239

kept hot .... 200
rattles ..... « 119
runs over.... 118
awells ... s.e LLT

120
121
120
121

one pot in another
retarded by salt ..
EI"I'f]ﬂn
sugar
without touching
the boiler......
POILERC:: oieie i ol
Bounes white
Boots hot when dusty
Borers ho: from use ..
Bottled ule, &e. ......
Brackish water unfit for
railway engines .... 209

121
122
420
201
103
271

Bracing weather ..... 153
Bradawls hot from use 104
Bread brnt. purifies water 73

HeRRY: s sisrniies 200
made with yeast 288
BYORKETS .%o aisisn s .o 329
BrEaTH exhaled...,.. 240
inhaled ...... 247
visible in winter 224

250
250
256
327
320
327

Breathing described ..
difficult on mounts.
previous to a storm

BREEZE at sea-side....

evening ..s:e.se
y» unhealthy

328
326
327

land cool ......
mMorning ......
»» healthy ..

of islands......

320 |

speéd ol...... 831

(see wind)
Brewing .ecocsescaess 282
Bricks for cold feet. . 179
Brick stoves ........ 181
Bricklayers, frost retards 375
cover with straw 375
Bright day exhilarating 151
metal bad radiator 209
BrlliancY e sitisite)s se 3381
Bring retards boiling.. 121
.......... 377
BriTaIR cloudy ...... 132
grows warmer 166
BroTH cooled by breath 254
convection 254
» Stirring .. 254
BuBBLESs in tea ...... 430
of boiling water 117
Burns cured " .. .o, ... 163
Burnt bread purifies water 73
stick twisted .... 492
Burning glasses «eovss 2,3

7

292
268
251
416

B rah b AR
Calentta, black hole of
(0] CarEO1lN Rres Satstetits
Calico oiled transparent
Dalma "y gaieieie s s le et sttt
Calorie v o st L
Cambrie hndkrehfs. cool 191
Cambridge, rain of.... 858
RN TES'S ¢ are0inies nisite’ 1D
il T S e T iy
composite not snuffed 83
COIPSE savowasnsass 208
cotton hard to blow out 80
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CaxpLEs (continued) PAGE
bumblue...... . 19
easily blown out 52, 79

5y rekindled .. 3
extinguished .,.. 81

5 by breath 79
paper 81

FLAME described,, 77

P AL0bic e s eiets ars N0

s HOllOW- %5 s 00

»» luminous .. 78

y» Mmakes gls, wet 79

5 pointed i S WD

»» produces light 77

y» purple below 79

» tends upwards 79

s, yellow ... S

cas of .. 87,204

hEId at a door.... 304
hottest above the flm. 80
give lightos. e 07
make glass damp.. 79
need snuffing .... 83
Palmer's not snuffed 82
prevent seeing a rd. 390
reflected in a window3906
rekindled quickly.. 63
rush, easily go out 80
shadow castby.... 397
Empke of si s 98
BPITEe e o e s hsieats, DL
sudden light painful 382
used by miners .. 267
wax, not snuffed .. 83
CanNoN balls hot .... 106
boring ........ 104
Canvass flower awning 213
UAPICEARY '\l o aiciaineios o (B
ALraclion.. siwes sess 10

INDEX.

CAPILLARY (conlinued) PAGR

attraction of earth ..

o sponge

”» thread

o8 wicks

combustion cs ccoees
NEEEEIAE N T e eraias
» pervade body..
Captain Ros8 ¢ceece..
Capuchin

CARBON
in the blood....
Carbonate of ammonia
lime ..
CARBONIC ACID GAS ..
absorbed by leaves
ChoKES S < iiaisonini
cause of heat....
deleteriols .. .«..
detected .. cov0se

"8 B 8 B B " 5 &8 ®

dissipated by red ht.

" waler
in human bodies..
of the goil .asiss

WALEY +4 eccss
sources of ......
CARBETD. HYDRO. GAS
how procured
Carpenters’ tools hot .,
Carpets warm ee......
CARRIAGE, in a storm
wheels catch fire
windows misty. .
Casks charred.. ..« «+
Cart grease ..sscseess
Cathedral aisles famous
for ethof8 "sivanuns
Cats in wet weather ..
prowl by night ..

437
76
191
191
86
85
56
430
3n7

sessss 39, 806, 79

265
480
480
206
251
293
290
266
267
276
275

87
251
201
275
203
293
104
176

20
103
220

73
103

433
150
34
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Cars (continued) PAGE
see in the dark.... 384
wink before a fire 384

CatTLE low in wet wea-

thEnN. s ieieusie . é7ha Lok

struck by lightning 19
CausTIclime .....00. 439
INAE 5 ciaaiacers 4B

Cavernsfamed for echoes 4:13

Ceilings suOty eoesesss 71

CELLARS cold in summer 258

warm in winter 257

B el Lol

278

72 |

!

Chalk
Champagne acid,
CHARCOAT 35 wnsieiais i

bad conductor 172

iiiii

FIRE very hot 72|
,, deleterions 274
purifies water 73 |
removes taint 72 |
CHARRING bread...... 73
BASKE L saiee - 00
wood .... 74
CHEMICAL ACTION .... 92
developes heat.. 2|
CaEsxUTS roasted crack 107 |

not if sht J08 !

Children hot-blooded .. 97 |
CHIMNEY draught, cause
Df......”“ 64.*
factory,long.... 04

flues of long.. (3, 64
i short 64 |
raised above a

' CiIRRO-cuMULUS clouds

' Cirro-sTrRATUS clouds

house...... 62,064

POT8esesescoasesss 0]
RILCY" o i 02
in close rooms ., 62
IemedY.evs enesss G&

453

CHIMNEY (continued) PAGE
draught slack (4,73

door misplaced 68

remedy .. 08

flue tovlong 61,113

SUBDOEE s ot
» remedy .. 069
need repairing 68
,y SWeeping 68
of old homstds, 69
two fires ,... 069
remedy.... 66
valleys .. ... 67
VestrieS. c. e .. 66

remedy.... 67
wind .... 70,114
China broken by water 128

' Chloride of lime...... 429

Chblorophyll sesseeaa.. 420
Choke damp .cecevs.s 273
CHURCH bells heard 153,429

congregation drowsy 270

yards smell ...... 297
[EBstert au hERtis 247
Chyme...... sinie s nioh Ukl
Cider acid '<icscenee 200
CINderSsiron cees vs e S5

44
44
49
140
140
140
141
140
140

lighter than coals
soon heated....
will not blaze ..

forebode drounght
how produced ..

. forebode change
how produced..
Cirrus clouds 137
foretell fine weather 138
bow produced ...00. 139

[ B T
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PAGE

Citizens pale ..e0ee.. 248
Citric acid «c.ovecass 488
City air unhealthy .... 272
Clark’s patent blower.. 92
Clay for furnace doors 181
Clean kettles .. 193
CLEANLINESS connected
with the dietar 06
s POVErtY.. .. 06
CrEar day overcast .. 321
fire burns slowly.. 40
nights exhilarating 151
CLIMATE vATieS +u.0-0 304

from forests.... 167
seantd ik 305
,» mountaing 805

L )

35 011 eimainie e BUI

o {FOBRG aeiee OV

Clocks heard distant .. 430
not in a mist 431

Close rooms unhealthy 268
Cloth eollects no dew.. 215
CrorHEes black, warm 194
coarse not ditto .. 190
damp in summer 217

fine cloth warm .. 190
loose, warmest.... 183
B o e s s £ O]
warm 152

LU R R I I ]

want of, causes dirt 97
wet dangerous .. 164
white, cold ..ee.. 194

yy from sea spray 170

sy noton wet days 170
workmen's 170
Cloudiest countries.... 132
CLGUDE sasaad ga e BN 130

"= = & 8 & 8

INDEX,

Croups (continued) PAUR
absorbed by wind 134
affect the wind.... 310
cause of o, .. sees 181
cirro cumulus ..., 140
cirro stratus,, .... 141
(3 hy o LI SRS o] by
classes of....... . 187
colour of ..., 134, 135
compound ...... 140
cumnlo stratus .. 141
Cumulis .:eavees 138
differ from fog, 130, 234
dissipated.... 134, 143
distance from earth 132
edgesmostluminous417
electrical «co0voss 138
electricity moves., 137
fall in rainy weather 354
fantastic seeeesss 133
HORL . s esaie sl Ol
gather round hills 142
height of vv.... 5, 182
highest * <5 i ee 0%
highestin a fine day 132
increased by wind 134
intermediate .... 139
Lightisaieishinten e L
lowest s s600vees 1390E
morning red .... 135
motion of.. saislesa 130
NIMBUET S iaiaie siaae I
foratell weather 138, 141
rain indicated by . 14l
polar currents affect 313

I'Ed am &5 8 &0 " 58w e 13"5
round mountain tops142
SiMpPIe o ve oeralltss 137

Eizeaf------q-s- 132
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Croups (continued) PAGE PAGR

SITALUS .. esses0se 138 | CoLp water contains heat 33
SUN-S8L. s se os .0+« 143 | Colder some things than

thickness of v ..., 133 OFRBTS .. sibresuoiiieiorora il ial

,,» how ascert ined 133
thander .....o.. &
vary in shape 133,313

., in colour 136,313
where most abndnt. 132

,» least a 132
BB 0L via s sioteanan: 142
velocity of ...... 331
White i hceieines 218
wind affects .. 131, 134
yellow ...... 143, 144

,, indicate wet 144
Cloudy night warm.... 211

no dew .. 211

opp-essive 150

GoAT blackK . . vw vains an 419
hlazing .iocssnea 40
forfuel....co e 44

GABRY i cenies 1Dy 290

grotesque figures of 42
mines explode.... 294

Ve ] A e s M |
wetted when dusty 53
BUER s c-sie s sscava  Di
forToels . shce sianin A4

spontaneouslyignites 58
CorLn affects barometer 336
condenses air .... 301
COIOTLTR 4iota =iateisr s 195
makes us love fat 92

" activity ..
mountains 202

out of doors...... 330
promotes hunger., ,

» sound....,. 430

 COMPRESSTON.. ..
03 |
 CONDENSATION

Colds from wet clothes It
Collapsing ...... 109, 302
COLOURS .40 s s ve Ll
accidental .. 424
akin to sound 418
blacKk .e.... 419
ble .t end 1B
dark, warm .. 199
green  ...... 420
light, cold .. 195
of elonds 134, 135
electricity.... 30
red: .o aiaal LS
VALY :.sia a'n-aap HLUL
white 419
yellow e. .ore s 419
Combining not mixing 206

o e N oa oW

ComBusTION (sce fire) 35
AUAMAL o v vie sol 0
canseof ...... 48

chemistry of ..3a, 39
from fermentation 53
elements of 358
heat of.o. 32
increased by wind 52

& @ & 8

in the veins.... 86
produces light,., 48
spontaneons .., 97

CommunicaTioNof uEA™171

| Composite candles not
D4 |

sniffed  Leamies s aielel 1 0D
Compound clouds .... 140
el 14l
not condensation 105

105



456
PAGE
Condensed aifeeveesss 801
CoONDUCTION ...%.... 171
not absorption 192
ConpucToRs, best .... 172
Wonst ik 172
animal fluids 14
not absorbers 192
of lightning,. 22
y» dangerous 24
CORVECTION...... 220,238
Convective currents 252, 302
cool broth 254
5y 1ron 203

Cooking vessels with
wooden handles .... 173
Cooper applies hot hoops125
CorrER for condetrs, 23,172
SOLOIOUS ¢4 seee 420

tarnishes .... .. 201
-HOLE draws .. €1
TORYS youe 02

»» Dot with open
1 [700) e R L

Cork driven out by heat 112
Cornen.. <.« come 40D
Coms ache before raic 257
CORFSE candles seveees 298
cold % e vantt 98
sruell * ..t 297
Corrosive sublimates .. 488
CorTon bales catch fire
spontaneously 98
candles ..eseess 80
handkerchiefs hot 191
oiled transparent.. 421
shirts warm...... 190
wool bad conductor 191
Count Rumford ,..... 101

INDEX.

PAGE

CouxTrIES most cloudy 132
least cloudy 132

Country air healthy 215, 270
CouNTRYMEN enjoy hith.271
TURLY" 'o'e s e msn i/l

Comls e i, sis 67
CrowDs bad in storms 18
cause drowsiness 270

» lhead-ache 267

vitiate air .... 257
unhealthy .... 268
Crucibles of platinum 2638
CULINARY veseels ... 208
have wooden handles 173
should be socty .... 208
Cultivation promotes dew 216
»» warmth 167
CumvuLro-stratus clouds 141
forebode change 141
CumuLrus clouds 138
forebode fine weather 138

o NG T A B ) e
how produced.,.... 139
Cup in a pie 123
uea ot s g lal

why full of juice 124
Currents of air ...... 302

lllllll

223
164
218
223

DaMP balusters coeese
[ E S R
clothes,. ...
o7 oy b bt RIS T

Dancing of objects after

rain :

Dandelion bodes rain

DANGER In a storm ..

from barring shutters
bellg sy e eviismes

LA

156
157
12
18
17

llllllllllllll
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DaNGER (continued) — PAGE | DEw (conlinued) PAGE
carringes .o .0 20 distilled after—

erowds ceseee 18 fine nights . 211

fire-place ., .. 19 Heat o. v 220

from flocks sceesea-e 19 west winds . 225

(A e e on clothes ..... 218

TINES Niseaies, |0 cultivated land 217

TIVETS *anicraaisr Lk GYRSSY e 1210

steeples .... 14 hairs «ss0e. 224

theatres .... 15 hat ceeseees 224

freensl, v L hollows .... 214

wallsocee et 1l leaves ...... 215

watches .... 22 open fields .. 212

DAREK colours warm .. 195 valleys coeo.. 214

radiate heat 204 notin cloudynights 211

Darkness from 2 lights 421 o east winds 224

Davy Sir H. ........ 2B3 = winds.... 214

DayrigHT breedshunger 91 ,, o barren lands 217

mitigates cold 91 5 eloth: ..+ 215

BIARaINE " e ae ols 417 - deserts .. 210

Deap bodies cold .... Y8 - gravel.... 216

smell ..., 297 5 metal .... 216

taller, &e. 440 - rocks .... 215

Deafness oo covs0eees. 432 £l stones.... 216

Deal snaps in a fire .. 110 ' waol ... 216

DEcANTING liquor.... 287 under awnings,, 218

spirits 287 5 hedges .. 212

December winds ...... 317 ,, trees .... 212

Decomposition ...... 284 E walls ...0 212

Deepwaterfreezesslowly 372 | DEw-pDRoP round .... 229

Depression of spirits .. 150 flattened +..4.. 240

Descent in a diving bell 152 roll on cabbages 230

Deserts hot and dazzling 417 T05€3 sswsnavs 230

Detonating powder.... 106 | Digestion..sesssaeess 94

DEW.:ceisesssocnins 210 | Diminishing glasses .. 399

canse of ........ 233 |Dinner covers bright .. 200
deleterious ..... 227 |Dirtwarm .......... 96
differs from mist,. 228 Disrant bells heard .. 428
rain .. 243 ClOCKS ;.00 40 430

R &
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DisTaNT (continued)
sy Invisible.. 401
Biaht it
» spectacles for 408
DisrAXcE. lessens .... 379
malkes invisible 403
Distilled vinegar...... 488
Divers suffer pain .... 152
Diving bells cause pain 152
Dormice cold in winter 97
live without food 98
Doors, dranght of ..., 332
shrink from dry 157
swell from wet.. 157
Dogs in wet weather .. 1356
DoucH fermented .... 288
set by a fire to rise 288
Double concave glasses 407
convex glasses 408
DowNy warm ,....... 183
bad eonduetor.,. 191
Drained lands warm .. 167
DravGHT at a door.... 332

blows a flame

outwards .. 303
inwards .. 304
of a chimney 60, 64
key-hole .. 331
window., .., 332
slack .. .... GO, (4
ELAMS s oia sinisnsnins 441
Drinking water ...... 291
Dropsofdewrollonleaves 230
round. .avsee 220
shape varies.. 229
of rain roll on dust 230
ronnd .... 253
size varies . 354

PAGE
objects small 202,400 |

407, 409 |

INDEX.

PAGE
103
270
428

45
111
111
340
348

Drowned men restored .
Drowsiness at ehureh ..
T}t b1 j- TR L S S
Dry wood for kindling
- hurns best ..

- snaps about.
Driest months
Dnblig, rainiel e n oo
Duck dry in water .... 230
noisy before rain.. 155
Dull surfaces radiate heat 204
Dullness ........ 881, 417
Dunghills hot <. s4 e .. 290
DusTty shoes hot...... 201
coals wetted., .. 93

432
185
210
210
188
210
374
374
169
188
210
o A sy O 228
Earthen tea-pots 205
set on a hob to draw 205
EasT WiND cold 319
OTY Fasiisass anvei

prevents dew , 224

EaAT more in cold weather 03

Ear trompets ...... ‘e
EARTH, bad conductor .
cool after sun-set .

,» ina fine night

sy 1N summMmer ..
covered with dew..
cracks by frost ..
crumbles in spring
hardened by sun..
warm in winter ..
warmer by day....

fog

iiiiiiiii

less in warm  ,, 93
too much makes fat 90
- - us ill 90

Eﬂ[‘lﬂﬂs LA LR RS RN ELY EIER | 433
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PAGE | ENGLAND {continned) PAGE

EcHOES two or more ... 435 ;, IOrning at wa-
remarkable ... 435 tering places 3706
EFFECTS OF HEAT ... 2, 107| wiInD most prevalent 317
EFFERVESCENCE.cceasses 277 sy morth cold's .. 820

soon subsides 288
Effervescing draughts., 277
Egag, component parts of 285

discolours silver... 284
TEIHEOY e reesntrras 234|
smells offensively . 285
tests brine 877
Egypt not cloudy...ceee 132
Eider down warm ...... 191 |
ELECTRICITY—
affects clouds ......
cause of thunder...
colour of
developes heat......
excited by friction .

aREERIRR S

133
3
30

29

felt at the elbows , 30
¥ 0] b i i s s BLL 29
moves clouds ...... 130
OUOBT O e ssinissis 30

positive and negative 16
resinous & vitreous 4, 10
speed of .o oiavey 11
Electric telegraph .... 31
ELEMENTS of air ..., 35
aleohol . 279 |
fnal Taas 85
sugar .. 279
Emetic tartar . 488
ExcrLanp—

ZrOWS WATITNET v.uess 167
WINDB OL s vsssceees 91T
east cold .... 319
dry” S... 320

mw 1y

oy Lidryr P 2830
north-east dry . 322
south rainy .. 3821

s warm .. 820
south-westrainy 322
west rainy +... 821
when highest.. 317
lowest .. 318
308

N
L]
13
LH]
"
LR
EH

1 -

a5 TRINAOTN ACCTERN
(See March winds.)
Epsom salts ..« 488
Esquimaux love blubber 94
Equatorial current .... 812
rains . eeee 909
ITIERRL .2 o/atete ate ora o 48
boiling point of .... 122
used for freezing.... 376
0 inflammation 163
a scalds, burns 163
VOPOKIZEed, s vy e s e 0O
European skin white .. 198
EVAPORATION .2eevsss 162
freezes .. 876
of sea .. 309
EvENING breeze ...... 326
CLOUDS .. 135, 143
grey .. 146
red 135, 143
s Yyellow . 148
RAINBOW.,.. 147
Evergreens frost-bitten 236
Ewers broken by frost . 366
Exransiony by nEaT 107, 124
Exrrosion of chestnuts 107
Rao2

1
”n
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460 INDEX.

PAGE

Exprosioxnof gunpowder 108
mines ., 294
Extinguishers........ 81
-: made of paper 81
ExEs affected by glasses 423
3 fire light 423
= sudden . 382
= BUD;vas 428
contracted by light 395
o S SRR S il [
conform to light .. 383
eornen of ol c .. 406
negro's dark .... 199
reting of oo enss, 406
two, use of ...... 885
see single...... .. 380
EXERCISE—
good for health .... 90
produces appetite .. 90

¥ warmth ,, 90
want of produces fat. 00
- sickness 90

Face soon scorched .. 203
Factory chimneys .... 064
BATININE aisioia aivinisintarize: LSO
Bar sight. ... eeesnes. 408
caunse of .... 408

” spectacles for 408
Farm houses smoke .. 09
Far from gross eating . 90
laziness .... 90

men swim best .. 372

pleasant in winter , 92

not in summer,., 95
Whitﬂ s @ & B BB 8 om s ‘119
Feathers warm........ 18%

REBHNE, oisisninncmini ALl

PAGE

FEET cold before a fire 54
wet dangerous .. 164
FERMENTATION ,..... 279
a combustion .. 98

not putrefaction . 283

of beer. . .. 6 274

y» dough ...... 288

9 BURAL visiewieie 219

e WA R e 279
requires water ,... 28
Fender & fire-irons cold 193
Fiddle strings musical . 4¢8
snap from wet 356

Files hot from use .... 104
]1"['~:I: weather braces ,. 133
indications of 145

Fingers cold when wet . 163
| i s N e R
air needful for.... 62
Fellows, use of.... 52

black and red .... 40
blazZes .. .eiwssses, 40

o not in frost 49
BIOWETS. .. oesmash il
buorus blue ...... 47

bursts thro’ the bars 46
cause-of ........ @8
charcofli s . ances 73
7 dangerous 273
Cleir saiaie 0o 0 v oo 20, 50
dampiFevt - oe G203
differs from animal
Rt et en s sinl
dull, cause of .... 04
effect on eyes 354, 423
extinguished .... 55
»w by water 53, 111
fiercest in winter.. 560

-
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INDEX.,

FirE (continued) PAGE PAGR
fiercestout of doors 511 Frame of a eandle .... 70
flame of .......... ci. 40 described .. vu s 77
gas generated by... 87 blown out easily 19
grotesque figuresin 42 dump’ - oo 8
RER O e s e eees. 200 hollow ,.eeeees 7
., how inecreased 50, G4 hbAse . ol et R0
|y e e A 1Y hottest above .. 89
intensity, cause of . 04 luminons «« e 78
kindled atthebottom 44 pointed.ci.dsktsat 12
lighted with paper 42 purpleishitsasa LY

5 s Wwood 42 sMokeS:ssevees O
light dazzles .... 383 yellow? Jfohilss oo 47
light variable .... 49| Flannel warm ...c.... 181
Iuminois o us eves 27 on foot-warmers 179
melts metal ...,.. 129 | FLasH (see lightning.)
mottled . ioieee 41| FraT beer; &b, viea ss 200
out of doors .... 4l WONS " v elniats s vs n L0
poker draws up .. &3 goundaisei T s 428
radiates heat .... 203 Flavour discerned ..., 4+l
red hot.......... 39| Flaxburnsspontaneously 58
reflected on glass.. 306 | Flint and steel strike fire 100
twoor three times 396 | Flocks in storms......... 19
spotted.... ...... 41 |TFLOoWING WATER pure . 3064
sun dullsit ...... 50 freezes slowly ... 370
thawdollait..oees 52 malkes rough ice 371
wind intenses it .. 52 oscillates ......... 305
NellOw oo anete e aiars 47 | FLOwWERS, awnings for , 213
(See chimneys, combustion.) purify air...... 272
Fire-irons cold .. 179, 193 smell at night 158
HOGY isiaars e v stimicsss LOH ,, before rain 158
RIUAE: 3iciorasa iod ornioin-oaist s 2itt) forebode rain. 157
o most 1o winter, .. 2590 | FLUBBE . anivsne tee o s
s prevented...... 250 blacked .40 00 204
FisHEs ascend ...... 379" long good for draught 64
»  cold blooded .. 98! short, bad - 64
3 AN o e 380 . (See chimney.)
s Beem nearer .. 405 Flutes ......<s:i.. s 428

Fixud ﬂ-ir " R ERE R oA

i

B a3
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206 Ely poison sceeeesass 489



462 INDEX.
PAGE PAGE
Foam, white .....,.. 419 | Frost affects barometer 330

KOOGS ..c.ooiivispibie STt 252
arrest sound .... 429
canse of ....00.0 131

differ from cloud 130, 234
mist., 233

dispersed by wind 235
by sun.. 233

TEOZOIY ais's osisiaisin (2OT

I antamn. ..eee 234
increase distance.. 1995
jin marshes ...... 232
in-valleya: ....c.a 230
magnify «..eees. 155

none in a frosty night 234
¥cop converted to blood 247
cooled by the breath 329
want of causes dirt 96
hunger...... 92

ill ventilation 97
laziness .... 92
Foot-prints frozen ,... 367

Foot warmers ...s..-« 179
covered with flannel 180
highly polished .... 180

Forked lightning...... 5

Forks, tarnish of.... .. 262

remedy 2060

Forests catch fire.... 104

o) U g et e N U i

Foster Lieutenant .... 430

France grows warmer.. 168

FREEZING MIXTURES.. 977

Friction (see rubbing) 102

excites electricity.. 29
sets forests on fire 104
Frogs cold blooded .. 98
cronk before rain 1564

y» sound.... 429

BYBLBE (oivis ainsisviinea dDA
breaks ewers ...... 3060

sy liles, stones, rocks 367

v “DIDEBLs sisie v emies st SDB
cracks earth ...... 374

Ly mortar .... Si4
expands water...... 369
on windows ,,...... 221
prevents fog ..... . 234
stops work .., 378
warmer than thaw .. 873
FrotH of beer.... 112, 278
,» fermentation .. 286
white "i.cieiasasiidls
Frozen water warm .. 3871
ruts and foot-prints 367
Fruits cool the blood 95
fall to the earth .. 436
pleasantin summer 95

FuEeL, dry burns well .. 45
elements of ...... &9
for the body .... &9
wet burns badly .. 45
Bl irites e iaitan asien ol
Fumigation for rooms 438
FFunnel (see flues) .... 63

Fur, bad conductor .. 172

for clothing...... 182
WALDL "oiviedseniees ABE
Furxaces, brick for , 181
fires fierce ...cee 61

i TORRES- ULk At 62

not with door open 62

lined with clay.... 181
Furr of kettles «..... 204
steam engines.... 2060




PAGE | GLASSES (conlinued)

Furrofkettles dangerous 205
removed 205
Gallery hot ceenne
GARMENTS WA .. ..
cold

Gas azote
carbonic acid ....
carburetted hyd. ..
coal
differs from liquid
elastiC cevesassss
expands from heat
hydrogen .. ......
inflammable ....
invizsible ...e0000
jetﬂf tese snmw v
NItrogen ...osses

of candles  ......

[r8 e aisioission
DXYZEN L iis o 'sivaieon
phosphuretted hyd.

sulphuretted hyd.

permanent ......
Gauze wire lamps .. ..
prevents explosion
Geese noisy before rain
GERMAN silver tarnishes
tinder «oevraes
Germany grows warmer
GErMITANON e case s
FROBES o ovioivisiaianinininion
Gideon’s miracle......
(Gimlets hot from use..
(#1N3ER pop
T e
Grasses broken by heat
- on a hob
covered with mist ..

195
195

o
266
293
204
245
245
113

306

75
255

31

38
294

39

37
297
284
114
295
295
155
262
105
168
324
300
218
104
277
278
127
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222

333
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PAGRE
covered with mist if
from a cellar ....
diminishing ....
dulled by a hot hand
a8 breath, &e.
magnifying ........
mist of subsides....
(See spectacles.)

222
394
221
222
399
222

reflect . cicisamiviaims s L0
ground opaqus .... 421
INUSICAL  ceaiesmness A28
Glanber salts ........ 488

196
196
385

Groves, black kid warm
ss  Lisle thread cogol
Glow worms glisten ..
GLUTEN . siiisn/sni sreinialies 282
ferments ...... 283

Gop’s wisponm shown in—
air a bad radiator,. .. 184
» the circulation of 317
animal life ........ 381

beasts, foy of .....: 183
birds, down of .... 183
{]-EW O a@ @ E o R W 2] 7

earth eracked by frost 374
s hardened by sun 169
ice lighter than water 369
metals bad radiators 217
November rains.... 325
the froth of saliva.. 442
vegetable life ..... o 307
s Iadiation .. 215
wood a bad radiator 217
GorLp best of conductors 172
never tarnishes ., 202
Goodness (See God's)
Grab Hawoody ...... 268
GRAPE BUZAT oo anseee 278
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Gnrare (continued) PAGE
juice needs no yeast 284
ferments .... 278
mks. aleohol .. 279
ss s carbe. acid 279
Grapes never ferment,. 285
Graphite ......c..... 205
Grass promotes cold.. 168
dew.. 216

i3

7
Grate (see stoves)

Gravel collects no dew 216
hoar frost 197
T LY o s fa s ays e SO
Gray morning good sign 145
evening, sign of wet 146
GREASE liked in cold.. 92
loathed in heat 95
preveuts rust .. 159
used for wheels 102
GREEN colour .. ecss.. 420
accidental 423
wood doesuotburn 111
- snap 110
Gross eating unhealthy 90
Grottoes echo vovveuee 433
Grotto del Cane 270
Grouxp covrd. with dew 210
........ 234
Growth by moonlight,. 220
Guinea fowls squall .. 155
Guiws fly to land .... 160
H 10 BBR..ee s 101
Gunpowder explodes .. 108
Gusty weather makes a
smoky house .... 70
352

353

L

I-IAIL g #F e omE
CRUBR 0L o e saiscras

faulls in summer .... 992

INDEX.

PAGE
Hail, thunder accompns, 352
Ha1x bad conductor .. 172

covered with dew 224

WAITO “ii. ... 182, 108
Halls famous for echoes 433
Halo round the moon.. 150

HANDLES, wooden .... 173
3 () ] i i [
Handkerchiefs ...... 191
Harp work gives hunger 90
boiled eggs ...... 285

water bad for washg. 360
cause of ........ 900
pleasant to drink.. 291
Hartshorn ey A
HAT covered with dew 224
turned red by the sea 3064
Hawks see near and far 410
HAyY heats .. a9
heating prevented &9
stacks ignite .... 89
HazE round the sun .. 149
5 moon ., 150
affects sound .... 430
Head aches in a erowd 268
HEARTH-rug warm..,. 176
stone cold ,. 179

Hots e« o TN
R BB AR RS &R l
AbSUThEd ¢: vs esvans G2
and light.. 48
affects barometer.. 339

s sound 420
aowind ot el s T ey
animal .. 85, 249, 289
applied low...... 239
arrests sound ,,.. 4°0
GRURE 0L deshssss 490
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HEAT (confinued) PAGE
eumnmunication of 171
couduction of .... 171
effects of .« «a s 2, 100
evolved. oovsviene,, B4

,» by compression 105
expands air...... 107
expands water.... 370
from beaten iron.. 98

oexereise .n... 98
increased by heaps 68
TATERT i s itec g9, O
of candles ...... 76

dunghills...... 290

AiTe: il aie 209

ACAN . wiei ot sfele sietnl @ ch

human body 87, 289

T8 e s ls vsaas 201
radiated :.etlsions 202
rarefies air ...... 300

reflection of,... .. 199
sensation of .... 1
sources of..., 2 to 106
work promotes .. 90
Heating by Arnott’s stove 204
, steam 204

Heavy bread ........ 289
Hemp, fires spontaneouslyss
Herds ina storm...... 19
Hedges increase warmth 167
_ retain frost .... 237
Hivrvs affect winds..,. 308
larger in a fog .. 155
seem more distant 155
Hindostan, jungles of 270
EOAR EROST  osessosis 285
near edges .......es 237
not found on trees .. 237

» under shrubs, &ec. 237
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HoAr FROST (continued) PAGE
of frozen fog .... 237
on clear nights only 235
G glasETL Lo b
,, tombstones.... 197
very partial .. .... 230
HONEY-DEW +u20.... 227
ants fond of..., 228
effect of ...... 228
injures plants .. 227
Hoops put on red hot.. 125
Horizontal sun & moon 895
why oval .... 899
HoRrsEes strike fire .. 101
snuff up air.... 1358
uneasy in rain.. l1o4
Hor night oppressive.. 150
WAHLBRE | S v ioiaioheiois n 208
,, melts sugar 363
weather enervating 90
5 abatesappetite 9o
» good for fruit 95
,s Dot for grease 95
Hottest piace at church 333
Housus—

spontaneously ignite &7
distant in fog ...... 155
gatherdamp.... «... 223
smoke in valleys .... 67
Hull of ships seen last 402
HUNGER «sssesas 90 to 04
allayed by food .. 39
promoted by cold U3
» day light .. 91
sy rapid digestion 94
». DENINES et Ul
sy Einging ey, |81
s Bpeaking .. 91
sits WOLK S csleaiate 91

(See appetiie.)
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PAGE  TroN (continued)

36
246

HyDROGEN EHE Waliersts s
of fuel....

3066

34
373
104
373
129
370
3606
377
367
433
208

Tom:., .
contains heat
dissolved by acids ..

friction ..

BRI S

o e} n e
grows thicker ......
lighter than water ,,
made in hot vessels. .
L OEE o e e as o aisiare

Ice-bergsecho.,.veeee

TGNIS FATUUS «oveseios

cause of

Illness from over eating

Impure water purified...

Incandescent earbon ...

Indians strike fire ......

Inflammable air...... 73,

INsEcTs in wet weather

L I B TR T

b} ]
1

lljgi

luminous ..eeessessss 299 | Kendal, rain‘'of ......

208 | Jetof flame through bars
90 | Judges VI. illustrated., 2IR
73 July winds
78  Juice of lemons ...... 458

102 June wind

204 Jungles of Hindostan., 270

INDEX.

PAGE
FOSIS s ey 208
s» Notin dry weather 259
s Prevented .. .... 260
»-SCAlBST L JSulan 988
sy When common,. 259
BONOIOUS ....ee0e 420
-V o) U g o P ) L |
Ironing box: s ax ka2 161
IsLaNDs temperate ..., 328
subjeet to wind 327, 328
WErN s ssanieniss 328

Jack o’ Lantern .,,,.. 298
January winds........ 317
Java, jungles of 270
46

sedsle diee sl O LT

al7

dh8

Insensible perspiration. 220 Keswick, rain of ...... 358
Intermediate clouds ... 193 Keyhole, dranght of ,. 331

Irox affected by lightning 31 | KerrLe —

bad absorber ...... 193
beds safein lightning 21
cinders...eesee.. 44
dold: ..ot s 175
contains latent heat 99
cooled by air .... 2353
convection 253
iy radiation . 253

1

good conduetor 172, 193

heated by blows .. 99
house safeinlightg. 1D
mutohes o5is sene 100

boils'over. . is e aass 118
» quickly when sooty 194
sy Slowly when clean. 194

i sine wwhensnew.. 194
back of black ...... 207
bottom s00ty +..... 207

y» cold whenboiling 207
fire off it o 209
Roldarssdada. s anl Nl
lid should be clean .. 206
LY 10 e aala s Tals
not full after boiling. 118
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KrtTLE (continued) PAGE

TUNIS OVEL: s s 0sssessssas. 1410

,, throngh thespout 118
Saturday’'s boils best 207
sings 116
steam ﬂ'f T E'LZ
top bright 2 e 207
Kid gloves, black...... 1906
Killarney echo...ceeee 436
KINDLING fires ...... 42
damp 45

dry seeesece 45

stones unfitfor 45

® F &A@ "% 5 8 e @@

Iadiestfan ... leicase 188

Lake AVErno ........ 270

Lakes which never freeze 372

IAMPS sisinis sisis st St - 4

Argand........ 84

gsafety ..oese.s 209

smoke 84

BPirt.csssasese 161

glasses .. 89
(See candle.)

Land air cold .. .i.... 281
affects climate .. .. 305
cools before water.. 231

Laplanders clad in skin 190

Lﬂ.rTEE e 16{]

LATERT HEAT 33, 99

Laundress wets flat-iron 162

LAZINEsSS—

caused by want of food 92

. et =< svea 00
Leap, bad conduector .. 172
dulness of .... 261
penecils .. ... 00 205
farnISh. o5 e oo 201
Leanness from starving 89
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PAGE

LEAvEsabsorb carb. acid 251
collect dew .... 213
exhale oxygen .. 259
green 4 20
in a pond 437
lightgrn. inspring 420
palein dark places 420
promote cold .. 1063
radiate heat.... 215
yellow in autumn 420

LEMoNS, juice of...... 483

Balt Of 2.0 488

Lip of kettle bright .. 207
i Rt see 208
- rattles .. 119

Light bread .. .0 cc.... 288

colors evol 194

,» bad radiators 204

DI GH TS cavssssaissness g Hat)
a compound .. 410, 417
eanse of  «cczeesn OBL
contracts the eye.. 395
divided by a prism 410
from a flint ... ..... 100

5  compression 103

none in bent tubes 403
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of candles ...... 0F

it .« ciilarvina st = 2k
houses, trees, &e, 381

the SUN.: i euressss SOl

2rays cause darkns, 421
gpeedlioft U, & fohn 381
sudden, painful .. 382
Lighting fires «oesosee 42
LIGHTNING ...0.. i T
affects iron and steel 31

s telegraph ... 31
armour safe from.... 21
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Licnr~yine (conlinued) PAGE

barks trees seooo. 29
bed repels ..e... 21
bells-attract...ou. 17
breaks off boughs. &0
brooches atlract .. 22
carpets repel .... 21

ciiuse of flash .... 6

churches attract .. 14
clouds «c.... LT
comes from clouds 16
= o earth . 16
crowds attract...... 18
danger from .. 14 to 23
CONDUCTORS eesees 23
,, copper best for 23

sy danger from... 24

;s how made ... 23

,, Dot attractive . 23

,, materials for . 23

4y thickness of... 24
NBEOf cicesnis 2O

i ]
, whynotcommon 24 |

d]ﬁ'uent 15 ays - Ve 3

discharged by spires 5 |

[T trees 12 .
4y from clouds...... 18
s 5 earthtoclouds 16

electrical voceesescess 3
flash, cause of...... 6

,, precedes thunder 11
flies about 20

flocks attract «... 19
followed by rair. .. 10
i wind.. 10
follows dry weatber 28|
notweto.ennsee 29
FORl e crtiite i nsee 5
fuses metal sveeee 271

INDEX.

LicHTNING (continued) racr

I

globunlar s iR e oe 0
nerds attract .... 19
iron bedsteads safe 21
keys attraet c.se00 22
kills animals .... 7
knocks downhouses 24
,» churches, &c. 26
MAZNetic seveaeces 81
INDITOSE s Ve sinie oiis 7
muttresses repel .. 21
metal conduets .. 23
QAo OF" T s sieis 30
passes down trees . 13
,» through man 14
produces fulgnrities 30
i nitric acid 26
purifies air ...... 28
rare in winter .... 2
YeSINOUB: - ea o2 S ]
returning stroke... 17
rings attract.v.... 22
safety from ...... 22
scorches trees .... 29
gheet. acsiissniai B
gonrce of ;s eevave. 4
speed of c.eceve. 12
Btraightiss s sarinien. . 0
sulphurous smellof 27
BUININETY o aets s s 11
,, common in . 28
theutres attract .. 19
trees attract...... 12
;s conduct .... 20
turns beersour.... 27
, milk sour .. 2d
4y Dotold beer. 27
,, Dot porter .. 27
NAEDNS - sistsinivviein . A0
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16 Lone flues
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PAGE
61

watches attract .. 21| grass promotes eold . 168
water attracts ... 14|LOOKING GLASS ...... 386
wetrepels..eeue s 22 areflector........ 386
Zig-Z8Z s . enrenens 5 reflects our image . 388

(See danger, safety.) ,, Whole person 389
Lilac steel rusts ...... 263 | LuciFEr matehes .... 298
prevented .. 260 ignite easily.. 298

Lily white .......... 419 Lunar caustic ...... .. 488

Lime and water
absorbs carb. acid. 270

32 Lungs described...... 250

burned ..coseees Laisis 9291 Mackarel scales, &ec. .. 140

phosphate of

iiiiii

1

glack..coovees

207 Mackintosh preventscold 165
purifies bins... 200,439 Maduess from starvation 89
sewers 290, 439 | Magnetie, lightning is .
200 | Magnifying glasses.... 399

31

quick or caustie ... 202 Magpies bode weather.. 159
used by well-sinkers 267 | Malt ...oviivneene. .. 282

wash for rooms
WHILE" L.o%e 'as
Lincoln, rain of ... «us.. 398
LiNE of incidence ...... 387

... 439 Malting
vessss 419 MaN a swimmer ..

...... 281
L ] 3?9
fat swims best.... 379
no bhigger than crow 399

LR B

reflection ...... 387 Manchester, rain of.... 358

LINEN cleaned by water 362 ' Manufactory chimneys. 64
€00] WeAT..cirecenanes 180 | Marble . i v iviuinivne saras 488
iy (1 P O A SR 323 ! MarcH, bushel of dust 323
Linseed oil boiling point 122 comes in like a lion 323
LIQUEFACTION esseesess 129 goes out like alamb 323
ENQUIDE" ot ii v sithssines 114 dry good, wet bad . 324
bad conductors ... 238 s monthyi s cat 347
gooled Laliiitiasies 240 flowers undesirable 324
heated' ;..cccoaenscens 239 use ofl suisiiahi sk 323

not elastic ..scesess 24.5 winds «eee. siealesl LN
Lisle thread gloves 196 IR s oas olh s 300
Liverpool, rain of 358 ; Mares’ tails cvvecevens 140
Lizards cold blooded ... 98 'Marshgas ........ e 203
LONDON FOG .covseneness 232 | Masts of ships seen first 402
Tnor i 358 | May flowers....cccociapeee 328
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PAGE

May winds: .. vssiees o 817

MEAT covers e.aee... 209
& not chased 210

liked in cold .... 93
loathed in heat 94
roasted by reflectors 201
taint removed .... 439
tainted by moon.. 226
MEcHANICAL AcTION .. 98
developes heat..... 2
MeRrcurY of barometer 335
boiling point of .. 122

-

bright seeeeeess 262"

CONCAVE sevesose 343
CONVEX 1 v0sesese 343

its rise & fall 337 to 348
rises from heat .. 127
tarnishes ... <. oo 261
MEeTaL collects no dew 216
conductors ,,.... 172
feels c0lds. ssisasa 17D

,» hotter than wool 174
fused by fire .... 129

i by lightning 27

good conductor .. 172
handles burn 173
“hot causes pain .. 185
reflectors .seeee <. 200
teaipoltsi .5 siulssisin 205
Miix long in cooling.. 241
soured by lightning 25
Mineral springs ...... 360
Miner's danger ...... 206
prevented 267
BRIITron ;oo i e sinioe . a8
Miscellaneous ques. 4306, 43
Misr arrestssound.... 429
DlEOKE siasrs/s neiaraian tLAL)
cause of ...eu000 228

INDEX.

Mist (conlinued) PAGE
differs from clond 131
dew .. 22r
o i oo, i D85
dispelled by sun 229,233
increases distance 105
magnifies........ 199

on windows .... 219
seems torise .... 229
white T (|
Mixing not combining 20
Money hot in a pocket 174
M{xsoon 315
very powerful 316

very useful .. 316

changes marked 316
MonTHS driest ...... 346
wettest.... . . 046

Moon, distance and size 400
halo round ...... 150
largest at horizon 395
(1), 5 N c.. 395
reflected in water.,. 393
seems flat ...... 40L

,, larger than stars4 00
Moonlight prom. growth 227
taints meat 226

MorNING breeze...... 326

” ”

grey ...ceuo. 146

rainbow .... 146

red .... 1395, 145

streaks ... 136
NMORTAR  +usinpseisnmasndde
adhesive ... 292
erumbles .. .... 374
hardens .c.se. 292

Motes in a sunbeam .. 255

Mother Carey's Chickens 161
Mould hardened by sun 169
MounTaINs cloudy.... 142
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MouNTAINS (continued) PAGE |
affect climate .... 409 |
5 winda ' ... 208
e fcaldiscn i 202
collectrain ...... 356/
famous for echoes 433
Leight found by ba-
TOMELEr sveess 839
impede respiration 256
noiseless ........ 432
Muriate of soda ...... 488
Murky nights oppressive 151
MusicaL instruments.. 428
DRSS L3 i 229
Dellascixaants chian B2
fiddles e atne iae, 428
AIOMS séiasvssnne 128
flate sevisceiconone 228
flat. cvsnnv rnses. 429
glasseSeescassna. 428
NOLEE - wnesismei, 128
pianoforte ...... 428
BONNdSs s ssnnms e 426
treble icesiinres 429

Nails for matches .... 100
Naves fitted on hot.. . 125
NEAR siGAT .... 405, 409
spectacles for .... 406
Negative electricity,... 16
Negroes, why black .. 198
with black eyes 199

New kettles boil slowly 194
Nigar air uniform.... 431
allays hunger .... 91

cold when fine.... 211
exhilarating.,.... 151
oppressive .,.,.. 151

produces .ovveaes 91
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FAGE

Night, rainbow at .... 147
Nights warm,when clocudy 21
NIMBUS CLOUDS 0., .. J4l

characterof .... 141
Nitrate of silver ...... 458
Nitrie acid .. .. 26, 28, 488

produced by lightog. 26

NITROGEN! .uvigicie st 38
expired...... 249
of .01 L 216

Non-transparency .... 416
Noon, cause of ...... 206
NorTH wind cold .... 320
dry  s2eei820

east wind dry .. 322
Northern lights ...... 148
NOTES bass...e s0ee oo 429
flat | ohrendtiiae . 429

BHAYD “iicnieee. 429

treble c.ovee.. 429
November rainy...... 325

Ocean affects wind .... 309
Octaves <.siis. o b
Odour of electricity.... 80
Office ceilings cloudy,., 71
O1L, elements of...... 75
linseed, boiling pt. 122
of turpentine ..., 122
of pitriolNs . oion . 488
paper transparent 416
OLD people cold ...... U7
far sighted ...... 408
hold objects at a
distance ...... 409
lose their power of
walking  ....., 442

spectacles for ,,.. 408
582
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FAGE

One pot will not boil in
another,. 120
how to make it 121
Optic nerve ........ 406
Orange colour, cause of 424
Ovenus entered by men 185
Out-of-door work pro-
duces hunger...... 92
Owws prowl at night .. 384
see in the dark .. 384
sleep all day .... 384
screech before rain 154
Oxalic acid . .c.us vl 488
OxI1DE of copper...... 261
fron i, ke o 298
lendiiishiciies . 261
platinum ..., 2063
potassium .. 2064
Bilyer lisdh. 2062
sodium,,.... 264
Oxidiged. .« Wvs e ey 248
DXXGRN £oosonsinene 2 O(
exhaled by leaves 250
heats the blood 249
in the blood.... 2066
inhaled ...... 247
makes blood red 248
sy fuel burn 246
of aielieivEns i 101
sy its use .. 243
supports combus-
HON wiaosses 245
sustains life.... 246
use of to tinder 101
OZQI]E s s s @R aE AN AE 3“

Paleness ,.ceinseshese 248
Palmer's candles.. ... 82

: PAGE
PAPER burns . ..ceis 42
not always 46, 54
extinguishers .... 81
oiled, transparent.. 416
puckers from wet 365
used for kindling.. 42
Bapille. s ca. amlesg, « 445
PARTS B e L ohvedinn 423
plaster of...... 488
rain of ;oo st 1858
ParLoURs smell of smoke
i BUMINET :4isivebies * A
Partition walls to arrest
BOUDA, sl i asacann 432
Pea soup fog ........ 232
Peacocks call up rain.. 155
Pearl divers deaf .... 152
Pencilsev:csnsvasainie 200
PERCUSSION. Jataisisisisio 95
Perspiration ., .... 92, 229
EetRlE e oesilsaintene 218
BelTelR ;.. o550 s ARG oA 161
Petrifactiqn .. .. is-a. 8061
Phosphate of lime .... 297
Phosphoric acid ...... 38
PHOSPHORUS .uvsessss 297
how obtained ...... 297
burns under our nails 88
PHOSPHURETTED HYDRO-
GEN adss®d i et 5297
how obtained .. .. 297
Pianofortes ...uv..a . 4238
Pickle tested «eseeees 377
PiE with a eup «oo... 123
full of juice...... 124
Pigs squeak before rain 155
Pimpernel forebodes rain 157
Pipes broken by frost.. 868
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" PAGE | FAGE
PIStOn os o stininieiae s aikin 105 | Posts charred ..v.vs s 74

PrLaxTs collect dew .. 215
forebode rain ,... 157
grow by moonlight 227

PrasTER of Paris .... 488

of stoves falls 126

Plasterers cannot work

0 frostes. sieahn tetas 37D

PLATE warmer .. 196, 200
PLaTINUM, good con-

AIICTOT I e vio Ll

jtsuse coaeaas. 263

nuever tarnishes 263

Ploughing warms us .. 167

PLUMBAGO soesssires 200

prevents rust 260

Poison for flies .....s 439

PogER draws up fire .. 83
hot against a stove 192
cold on a fender179, 193
how to carry a hot 242
] B P o g v 0y
rust of, prevented 260

Polar. carrent «.:s.... 311
sounds .. eenvan .. 430

Polish, use of . .50 2... 180

Polished metal teapots 205

Ponds dried up ...... 168

Poor averse to cleanliness 96

ventilation .. 97
JAZY oo ivesisieates 92

Poppies repel dew .... 230

Pores of wood... .... 110

PorrER, froth of... .. 278

set before a fire 112
gialaes ool0 et 256
vats danrgerous 274
Pousitive electrieity ... 16

POTATOES, green .... 421
yellow ...... 40
Potash, tartrate of .... 488
PoTassioMm ,......... 404
burns in water 464
Prick of the skin bleeds 83
Primrose yellow ...... 419
Prisms divide light.... 411
Prognostics of weather
from animals .. 154, 156
candles & lamps 161
CloNdI e e s binnie HOS
COTNSL Ao siineie 20T
distant objects.. 155
flowers...:.ss5. 107
ILSECIE o vivs s s JDOY
magpies ....s. 103
perfumes....,, 158
railway smoke,. 153
TRINDOW .. veies 146
sea-gulls ...... 160
BRYA 5 i e s 146
BmokKe' . icaie e 158
BOUNAS o a's st aiaie 153
BUN-LiSE .:v-5. 140
sun-set.... 143, 146
ProveEres about—
APrils ridiettee st D
clouds «ou vs'avn. 140
Auatiiilic s sann ligBl
kettles ccevonee.. 207
agpies ..esve.. 199
Merch +i ... 0% ve 823
rainbows .... 146, 147
scripture, 145, 181, 350
3T i O e
110 TRy B b T .. 140
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weather ........ 330| dispels carbonic acid 276
winds Gitiics antn 000 dropsof ........ 353
Psalms illustrated 181, 352 yy vary in size 354
Pump explained ...... 205 fertilizing .. 323, 355
handle cold .... 175 from passing clouds 394
well very deep .. 256 sudden change 344
water hard .... 360 heaviestin summer 358
y» Sparkles.. 291 least at the poles.. 359
Purple steel rusts .... 260 less in summer .. 326
its rust prevented 260 most in winter 325, 358
PUTREFACTION ...... 284 ,y ON Mmountrins 356
not fermentation 283 near the equator.. 359
smell. ..... 284, 297 notsalt ........ 804
on cabbages...... 230
Quadrupeds swim .... 879 dust .. - .oindme ol
Quick lime absorbs car- rose leaves .... 230
bonic acid .... 276, 292 of Cambridge .... 358
QuicksILVER bright .. 262 Dublin ..:.... 358
conductor.... 178 England ...... 358
extinguished 442 Kendal....... . 838
Keswick ...... 308
RaprationN ...... 202, 254 Linaoln, e -5 358
coals, iron .. 253 Liverpool .... 358
Radiators are absorbers 203 Tipndon See . 358
bad Lok 180 Manchester .. .. 398
RaruwAy engines .... 224 Pari8, i itesss " UDB
fmrrof .-c.as-. 200 prognosties of ..., 142
smoke foretells rain 153 from animals .. 154
water for ........ 265 DITds teis sivienies 1188
- LTI i cates e et 200 candles and fires 155
k affected by wind .. 354 clondsiae. 5tk 141
: after lightning.... 10 GOME V% sl 357
i arrests sound .... 430 distant objects.. 155
cause of .... 233, 313 flowers ee oo eees 187
i clouds bode...... 141 inBectshivabialas 159
1 eonla air] .csisla% 166 railway smoke.. 153
I differs from dew.. 233 rainbow ...... 156
i diminishes density 355 sea gulls ..... 160
1
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RaixN (continued) PAGE | REFLECTORS (contind,) PAGE
By e leianiniaias 140 not absorbers .... 200
BIOK® vvssesss 168 polished metal .. 200
sounds«seees.. 153 should be elean .. 197
e s L is: Abrighte o 197
purifies air ...... 399 » TNotbe painted 196
sudden change .. 344! REFRACTION ........ 402
wATER fertilizing 325 | Resinous electricity .. 17
notigalt | oo, 364 |Reting .. .ooevvsessn. 406
smells offensive 362 | Reverberation ,,..,.... 433
sofENoy Sk 362 |Rice for food ........ 96
stagnant ...... 864 |Rings dangerous in
unpleasant .... 363 StOTMS .. uses 22
DRAINBOW vevsve.. 411,412 | RIVERS slow at sides .. 365

colours reversed 414

double «..0evev. 413
morning ...... 146
night' ..ccicas 147

Rainy months........ 358
parts of England 358

Rare air bad for sound 432
Rattling of kettle lid .. 119
Ray of light bent .... 403
divided .. 410

two produce darkness 421
Reading makes hunger 91
RED colour .. coveea.. 248
cause of veve.. 418

TOBB aviaens v 418
1o R e .o 135
sun-rise .. 135, 144
sun-set .. 143, 146

RerLECTION of HEAT.. 199
in & mirror 388

in water .. 389
REPLECTORS +ssivesu. 199
help to roast .... 21
keep kitchen cool 201
light colours .... 200

freeze unequally 569, 371
,s Never at bottom.. 369
invert our image,... 390
not wholly frozen .. 370
08cillate. .o sevestiidne 360
shallow freeze .... 371
seem shallow ...... 404
warm when frozen .. 371
Roast apples .....00s 100
5y BOLb s 309
chestnuts .... 107

RoADp dark from a light
YOO st 382
Rocks collect no dew.. 217
broken by frost 367

Rotation of earth affects

the alr .osavieann.. . 807
Room cooled .... 1065, 333
currents of airin.. 303
ventilated ...... 8333

vitiated by a erowd 2068
warmed by fire . 248
warmer than air .. 331
Roses red .:ou... e, 418

repel dew...... 230
8ad
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PAGE

Rosneath, echo of .... 435
Ross, Captain........ 430
Rotation of earth .... 300
Rotting leaves cold .. 1068
il a1 S B G S 102
"~ hands to warm them 103
melts ice co0vee.. 104
restores animation 103
wood excites fire., 102
See friction.

Ruddiness ....ee 0 . 248
Ruins famed for echoes 433
Rumford Count ...... 191
Ruxninc makes warmth 90
water freezes slowly 370
makes rough ice.. 371
oscillates ., ....... 363
DHULE . n: « s s staaiare, SOS
Rush-lights blown out, 80
RERENY". (oo o o atarere nre ife 00
prevented ,..... 259
when most common 259
Rustics healthy ...... 271
Ruts froZen.. sssisssss 307

SAFETY IN A STORM
abroad .. 20, 21, 22
best to be wet.. 22
in a carriage .. 20
HENOUNE s o 21
172 M it R Sl
houses .... 21
iron beds .... 21
near a tree .. 20
Safaty lamp.......... 295
Sailors killed by carb, ac. 268
rarely catch cold 165
SRLLYAR s s aonisssonnse FHd

PAGH

St. Bride's church de-
stroyed by lightoing 25
<3 iy R AR 1 S e 11
and snow cold 34, 374
ys bad for washing 361
erackles in a fire.. 46
dissolves ice .... 373
dissolved by water 363
y» especially hot 363
flavours water ,... 8063
of lemons ...... 4838
retards boiling.... 121
smelling ........ 480
WHITE Vil seslsibnan ODS
water boils slowly 121
,» bad for steamers 264
b washing 861
Salts Epsom .¢.v.... 488
Sand dazzling........ 417
used for furnaces 181
Saturday’s kettle., .... 207
SAucEPAN best black.. 206
new boils slowly.. 206
lids should be clean 206
bright e ... 2006
rafllense . 119
Saws hot from use .... 104
Sawdnst arrests sound 431
Scald cured......es.. 163
Selerotic coat v...0.... 406
Seripture illustrated .. 181
218, 50
Secum of fermentation 281
SEa affects climate.... 805
beach healthy early 327
not at night 327
DrAGKIER Y. Sl siiaiel OUS
breakers .oessess 829
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PAGE
327
327
327
529
163
309
309
372
165
364
330
330
170
377
329
329

SEA (continued)

breeze

cause of

cold seeennniase

gives out heat ,...

A e

less hot than land .

not heated by sun.

rarely frozen ....

y  gives cold .,

salt

spray

HOBEY cove ia s nan o

vapour not salt....

water buoyant ....

W e s o ere

;9 Stationary ..

,» Noonward motion 329

WIndE el ciiivese S0Y

Sedentary mennot hungry 92

Seeds germinate ...... 325

SEEING in a glass ..., 386

into a dark street,. 396

»» light room., 382

in small mirrors .. 389

the saume object .. 381

when used to dark 383

BeExsaTion destroyed .. 441

of feeling .. 441

of taste,... 44l

September winds .. 317, 318

Sewers purified by lime 290

Shade cool sssscese 189
Saapow after looking at

BN sesoninnnasaet Rl

In water.....eees 389, 390
larger as the object

approachesalight 397

Shallow water freezes... 871
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PAGR

Shavings arrest sound.. 432
Sheen 417
SHEEP bleat before rain 154
lie under hedges.. 194
perilled by storm.. 19
Sheet lightning +..... 6
Sheets wet eaee 164
Shilling and basin ... 404
Shining 417
SH1Ps contain carb, acid 268
Lull seen first .. 402

out at sea 402

the Hawoody .. 268
SHIRTs, cotton warm .. 190
linen cold...... 190
SHOES cold when wet.. 164
hot when dusty .. 201
Bhot hot usiseiee 106
Shower cools air ...... 166
Shutters dangerous.... 166

@ B ® & B @ ® 8 8 & WS ® @B
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Sick rooms purified 439, 440
Sicknessfrom overeating 90
want of exercise 90

Sides of a pond littered 437
SicHT affected by heat, 382
far 408

cause of .... 408

effect of .... 409

409
407
407
109
407
421
191
191
172
209

NEAT o4 evvvrvns
cause of ....
effect of ....
Temedy. e s

Silence prod. by sound

SILK, 'aw Warm ......

spun cool........

SILVER good conductor

MOAL COVETS o v u s,
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SILVER (continued) PAGE | PAGR
should not bechased 210 | SMOKE .. .ceavans.. 41, G0
nitrate of .. ...... 488 850ends .eissees 60
tarnishes .o o0 .... 261 L b B PR G e |

BimMmering cieees..’vs 115 falln onieils alits - «e 158

Simple clouds......,.. 137 » down a chimney 64

SinaInG of a kettle.. ,. 116 of fresh coals,,.. 41

produces hunger 91 s.candles ..,... 83

Single magpie unlucky. 159 »l8mps ........ 84

SirH. Davy - viese. i 208 remedy...... 885

Si1zE, distance lessens , 399 sy Ted-hot coals ., 41
of clouas!. i did, 182 sy Steam engines.., 61

Skin, blackneverblisters 198 | ) ,» trails 153

scorches 198 | 3 1L T b ho e i 60
white blisters .. .. 198 useful in cooking.. 208

SKY blue...e.iv0veee 146 | Smoky chimneys...... 62

cleared vo\uvuu... 322 See chimney.
ZIEY Vi doensrosiee 140 Bmoke Jacks’ . ieivene, 118
OVOroaet wwbus ok 821 | Smouldering wicks.s.. 53
red .....000000s 149 Snakes cold blooded .. 98
Ellow Voo it 2 D SROW.  ocieineaisiates wiite 04l
Slaked lime .cie.00s .. 292 and salt cold .. 36, 374

SLEEPelongatesthe body 439
body feels not in... 441
dreams iD.eececseees. 441
ears hear not in ... 440
eyes see not in...... 440
mind wills not in . 441
tongue tastes not in 440

Sleet 349

Slit chesnuts 109

Smelling salts .v.ov.a. 480

SMELLs in wet weather 157
bins and sewers .. 290

remedy 200
churchyards..,,.. 297
putrefying bodies.. 284

=8 " E B8 88

sick rooms ...... 438
remedy oo e.. 4386 |

arrests sound .... 429
bad conductor.... 350
canse of 349
contains heat .... 34
falls in winter.... 349
,» Notin summer 351
like wool ...... 181, 350
nourishes the earth 851
ON MOUNtAINS seeese 091
soon melts beneath
a hedge or wall . 214
nseof .ciasasene Sl
WAITLL sass s s aw o 35':}
WHite e aisu lean viar 0D
BOAP Jiisasssnseass 801
cleansing e eee... 362
hard, soft....ee e 361

LU B R B




INDEX. 479
SoapP (eontinued) PAGE SounD (continued) PAGE

YelloOW vocvvess .. 361 | prevented passing from
bubbles ........ 410 room to room ...... 432
,y ascend .... 365 two produce silence 421
,, changecolour 415 |Soup long cooling ...... 241
Soapy water bubbles .. 365 cooled by air....eves 204
Sopa, muriate of...... 488 |Source of heat.ccceveaare. 1
WHLEr ...ess0.e 277 |Sourness, cause of ...... 280
» acid .... 278 |SouTH wind rainy...321, 337
SODIUME - 4% 55 50 iitate] . 2 0A warmy Lol Ak nauh
decomposes water 264 west wind rainy ... 322
SOFT S08D ..ss...... 9801 |SPaARKS from a fire...... 110
water for washing . 362 - flint ... 100
Soil affects climate ... 309 1, horse-shoe 101
Solids i sasmeasenal L1 I SEECTACERE S 2 s o dlb
SoNorous things.. .... 426 | affect the eyes ...... 425
bell metal ...... 42717 Dlacks "33 v dersorevies 420
BODPEE o o sin i nnien 20T DINE: au v atsaiolnais tian st 022
1)1 I AR .. 426( clouded by a hot room 222
musical instruments 428 | foraged .......... 409
SOOI ay oarsts aleeiaretegy . 40 y» near sights....., 407
in simmer ...... (Ll pectramiie ., . o 425
on ceilings ...... 71 Serrirs depressed .... 151
(See smoke.) before a storm 257
Sooty kettles ....c000 193¢ cloudy night... 150
SOUND ¢4 aacesessnnse $20 ] dull weather... 151
affected by frost .. 430 mountain air ... 256
= heat .. 430 exhilarated ...... 151
akin to colour ., .. 418 by clear nights 151
arrested by mist ., 431 frosty air... 154
5 wet .. 420 spring ...... 164
diminished by rarity 432 | Split bells .....cccevee.. 426
heard best by night 431 | Sponge swells when wet 356

a1 in a frost 430 | SPONTANEOUS coMBUS-
through bent tubes 403 TION 57, 58, 59
inaudible on hills , 432 of forests...... 104
. 103

loudest in dry air
velocity of.uveessares 420
musicul 42(

LLE LR T ]

J Sroons become dull ... 262
: bent in water ... 404
_i stained by eggs . 284




480 INDEX.
PAGE | PAGR
Srooxs retard boiling .. 120 | SteEL affecied by light-
Speaking produces hunger 91 NINEs . fhesees 31
SPRAY, cause of...... 830 and flint make a
white issiness 419 SpaTK seeeee 100
SPRING, best late ... 324 purple ......ii... 260
bracing...... S, Jids TOSI8 v ssnssenne, SUL
cracks the earth .. 374 prevented... 260
verdure ........ 420 | Stick burnt makes a circle

189
279
372
165
386
364
364
370
286
285

Spring water cool
5 sparkles ..
Springs prevent freezing
Sprinkling to cool rooms
Squint eyes see double
STAGNANT WALET v ...,
full of worms

soon freezes. .

STALE beer, &C. «. ¢« -
eggs offensive .. ..

400
400 |
385 |
401
385
394
421
89
06
92
89
89
359
61
242
242

STARS, distance of ....
gize of ..onue
invisible by day ..
seem flat ..o0vene
seen in a well ....
seen on mountains
IWIRELe i s siisee

STARVATION
produces dirtiness .

laziness ...

leanness...
¥ madness...

T, AR e R [,
BOEIB % srsiv s sinn
engines burst ....
ANVIEIDIG s550 5000
of a kettle .. 242

yy locomotive .. 224
why visible ...... 119
what becomes of it 120!

0

fdightsss.ccaisoemes 2%
Stirring cools broth, &e. 254
Stockings difficult to draw

on when wet...... e 387
StoNES broken by frost 367

a1 | R e anl 1 /1

collect no dew...... 216

snap in fire voeseeass 110

unfit for fuel 45
STORMS 4

depress the spirits 257

distance of told ... 9, il

follow dry weather 28

LR LR N ]

(NS R ERERENENREER SRN N

places of danger in 12

4 safetyin. 20
prevail in summer

and autumn.... 28

rare in wet weather 29
(See danger, safety.)
Stoves crack lighted .. 126

cooling,. 126

of bricks......... 181
iron s 181

on a floor......83, 743
TUEL 5o e 239
most in winter 2H9
not cften .... 259
prevented.... 260

R R

n
»
”

settings fall away.. 120
WA a rocIn e .s <43
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INDLEX,
FAOE PAGE
StraTtus clouds ...... 1356 | SUMMER—
how produced .. 139 allays hunger ..e. 90
STRAW put over bricks. 375 clothes for ...... 194

376
376
3582
308
165

99

» trees ....
= water pipes
StrEETS dark fr. a room
seem to meet ..
watered
Striking iron makes heat
Struggling in water dan-
EETOUS ousensss
Stuceo peels off in frost
Sublimates .. 488
Sublimation.......ss. 488
Sudden light painful .. 382
BUGAR % e senseen 209
anhydrous ...... 280
at top of tea melts 438
elements of ,..... 279
ferments . ecess 219
flavours water .. .. 3063

left at the bottom of
a cup melts slowly 438
makes alcohol .... 280
,, ecarbonie acid 280
melted by water .. 363
,» especially hot 363
oflead .. ..0v00.. 488
retards boiling,... 121
stirred melts quickly 438
whitelsiilii okt 862
SvuLrHATE of lime 860, 488
magnesia 488
sodf...... 488
ZINGC ...... 483
Sulphurie acid... ess 488
‘s and water 352
Sulphuretted hydrogen . 284 |

378
375

- &% % F 88

makes grease odious 94

» fruit pleasant 95
lightning ...c.s0e 11
Sun-beams full of motes 253
Sun affects eyes ...... 424

dazzles. .. oo i .o 083
dollsfiteds ik ie.e al
hardens earth .... 169
largest at hor -on ., 285
notseeni awe .. =92
Oval ccvs ibiaa e OI0
radiates heat .... 202

reflected in water.. 3893
seems flat ...... 401
source of heat.... 2
Sun-rise breezy ...... 320
red, cause of 135, 144
» sign of wet 146
Sun-set grey ........ 146
red .. .. 185, 144
»» Torebodesfine 143
yellow.. oo 143
yy forebodes wet 144
Super-acetate of lead., 438
Sur Rsja of Bengal.... 269
Suspended animation res-
toredivn.ssaeine a108
Swallows fly low ...... 159
Swan dry in water .... 230
Sweet. wort needs yeast 283
Swimmers sink ...... 878
Swimming e einiavie DD
in the sea., .. 377
Syphon explained ..., 256
Syrup, boiling point of , 122
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PAGE PAGE
Table salt .......... 488 | Temperature from trees 167
TAINTED meat cured 72, 439 | TEMPEST v+ v vverennes 4

,,inmoonlight 220

water purified 73

RALTOW st stieies 1O
wicks, why of cotton. 83
whynotlike wax wicks 83

Sce candles.
TARNISH ....
of coppervecs..
German silver

leadi i v e

silver: 'is.:esn

ZANI0lasa sialn ale’s

Tartar emetic ..
Tartrate of potash ...
Tarts have a cup inside
full of juice ......
Taste
Txa cooled by blowing .
s by stirring .,

, ~in a saucer.
GREEN, deleterious

» poison for flies
TEA-pPor, black earth ..
preferred by some

set on a hob ....
bright metal ....

- tarnishes
TEA-sPooNs tarnished .
. by eggs
Telescopes «.evevs....
TEMPERATURE varies..
from forests....

s land

»» Inountains

sy SEa

oy e Bolli st

261
201
262
261
262
261
488
488
123
124
442
186
294
149
439
459
205
205
205
204
262
2061
254
402
304
167
305
306
305
309

& @ @

affects weather 344
(See storms)

Thaumatrope ........ 423
invented by Dr. Paris 423
Traw affects barometer 338
eold 5 s . 373
dulls fire sseese D2
Theatre dangerous .... 19
Thermometer ........ 334

differs from a
barometer.. 334
rises from heat 127
Thick clothing unhealthy 170
Thread gloves cool.... 196
why white 419

THUNDER oW W R F WS B

after lightning.... 11
bolts (see fulguriles) 11
deep growl ..s.55, 8

distance of, told.. 9,11

effect on weather.. 344
followed by rain .. 10

5 wind .. 10
inaudible ....000. 11
irregular roar .... 8

one crash..seeuss. 8
rolling . e ss T I ()
(See danger, safety, storm.)
Thunder-storms, cause of 4
Tidea! ceiee 340
cause of Hd0

two daily .. ev.... 330
Ticers prowl by night 384
see in the dark.. 384

sleep all day.... &84

Tiles broken by frost.. 3067

llllllllll
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INDEX.

PAGE

Timber charred ...... T4

Tin-blowers 70
foot-warmers ... 179
i covered 180
good conductor .. 172
meatcovers, polishd. 209
plate-warmer 196
reflectors ...oee.. 201
tarnish'of, . .'...s« 261
(See reflectors.)
Tinder blown ........ 101
ToasT and water...... 73
dry for the sick . 73
Tomb stones frosted .. 197
ToONGS TOSE, vatasieisic's 260
prevented.. 260
Tools hot from use.. 104
TRADE WINDS.a.aeeas 811
Atlantie ...... 814
Indian ocean 314, 316
Monsoons .... 315
North-east ,... 311
Pacifion oo 914
South-east .... 311
Trailing smoke bodesrain 153

[ T |

Transparency ...ceeeceee. 416
non-transparency 416
PREBER . sisssiiosess 419, 429

its vibration .., 429

TreEs barked by a flash 29
collect dew ...... 211
covered with bass 213
discharge lightning 12

look distantin fog 155

not frost-bitten... 236
promote warmth . 167

purify air 272

shade of, cool ,,, 189

483

PAGE

Trefoil forebodes rain.. 157

Tremulous appearance

After rain v oo e vass 156

Tube of barometer.... 339

Tubs dried up.s.s.... 1G8
Tumblers (see glasses)

TwiLIGHT, evening.. ..

morning ..

Twinkling of stars ....

Two eyes..

» . Bea single.. ..

i . usalof Sl e

fires smoke ......

s remedY.aoasa

136
136
421
385
336
385

6o

(66

107
339

Unslit chestnuts .. .. ..
Use of barometers ....
clouds 142
smokeincooking 208
SOOW . 'n's s ais s nagichil)

@ F B B = 5 g

VALLEY chimneys smoke 67

of death..cae. 270
VAPORIZATION ...... 130
Varour a conductor .. 19

differs from gas 114
forms fog .... 234

» cload .. 234
of a carriage .. 220
a room . 219

seanot salt., 170

Varnish to prevent rust 260
Yats fatal s o o v dene 204
VEGETABLES eatcarb, ae. 251
agreeable in summer 95
collect dewW ...coeeveees 215
cool the blood ......... 95
depend on animals ,,, 252
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484 INDEX.

PAGE

~ Vegetables exhale oxyg. 250

VELocity of clouds .. 331
light.... 381

lightning 12

sound ,. 434

thunder . 21

Wind- . 33]

NVent pegdiisioci..... 280
VENTILATION «vcscssse 583
sought by rich.... 97

not by poor .. 97
Verdigrisic s voanvies » ot 488
Vertical sun....e.ev0.,4800
Vestry chimneys smoke 66
Vinegar distilled...... 488
VIOLBT bIud.s cvssness 418
colour, cause of . 424
Violins musical ...... 428
Vitreous electricity....4, 16
ViTRIOL, 0il of ...... 488
white ...... 488

WaLrs to arrest sound 432
wet in winter .. 223

s,y in & thaw .. 223

Want connected with dirt 906
WARM clotheS..es ... 195
colonr8...see.. 199

some thingsmore
than others.. 171
WarMTH from draining 167
{rBBH i sraeinn 1B
clearing forests 167
cultivation ., 167
Warming rooms..sea. 243
Wash-hand basin .... 177
WaSHING, good forhealth 96
WOLET JOT ceccrerarass 290
+» should notbe hard 360

PAGE

Watches dangerous in
lightning,....... sésnnst 24
WAEER. ... « sisfsamunaatt 300
acidulated ...... 276
Rerateds e sies snnonBd d
and lime ..esisssr: 32
and sunlphurie acid 32
ashes soften,, «. .. 3062
bad conductor 178, 240
boilingisicnssn s« 289
s bubbles ..., 117
s » TOAtles: [.enanllB
s TIuns over ,. 118
» BINER snnnieel A16
s BWells...... 117
carbonic acid of .. 201
cleans dirty linen ., 362
CDId . sninie. stelaf ot ot AT
5 contains heat. 33
converted to steam 129
cools slowly...... 231
decomposed ...... 264
deep freezes slowly 372
dried up in summer 1068
elaBliC) sini vt swn | 240
expands by frost.. 3069
s * heat.. 368
extinguishes fire 55, 111
sy Dotalways, 55, H6
flat when boiled .. 288
flavoured by salt.. 3063
5 sugar 363
ﬂﬂWiﬂg, PUré .. .. 364
Aoidises e Hes e S09
for sick room .... 73
washing......290, 360
freezes at surface... 370
s unequally ... 371
fresh, sparkles .v..e. 291
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WaTER (continued)

frozen: S ia-nlsei 366
»» Dy ether.... 376

o evaporation 376

,,  air pump., 376
el .o A Snrsiaie: A0
PYT Of sars s ceia v s SO
BT otareisias ciie uia 360
agreeable to drink 291
uufit for washing 360
heated. ;. iieaaein 208
heavier than ice .. 366
hot, scalds ., .... 183
how preserved cool 199
L ,, hot 199,209
increases fire ...... 99
inverts images...... 389
kept Lot ...... 209, 241
o ncookaaisy 1995200
melts sugar, salt, &c. 363
especially hct 363

winsrall L i i 360
mixed with salt .. 863
boils slower,. 122

needful for frmntn, 285
not heated above

boiling...... .o 240
not heated like land 309
oscillates .. ..., «e 005
pump, agreeable.. 291

ot AN o 0rs sters B0
sparkles ....,.... 291
purified \*se vois o Gl

purifies bins, &e. 290
putrefies .....eoeeeee 304
rain, not salt ...... 364
,» smells offensly. 363
9 B80Tk vevesea. 362
reflects sun by a spot 393

PAGE |

485
WATER (continued) PAGE
rises in a pump .. 235

running, keeps pure 364
,y freezes slowly 370
o - rough 371
»y Oscillates .. 30
salt, bad for washg. 361
SCRIRS o unetaisioleraceiy KL
sea brackish .... 38064
yy Seldom frozen 371
shallow, freezes soon371
SIMMETE. .. eoivn s J1D
slackens flame .. 06
soapy, bubbles .. 365
Boflii e e o 20l
»» best for washing 362
softened by ashes 362
gparkles ... 2790201
spring cool ,..... 189
,y Seldom freezes 372
stagnant ........ 864
,» full of worms 364
glale s cissiersiste o 208
swells with boiling 117
toast and, use of 73
warm when frozen 371

willnotbubble with-
out s08p ,..... 369

(See rain, ice.)

WATER-PIPES burst by
TEOSE, s hsieiasinie 905
covered with straw 376
Watering plants by saucer436
YOO8 ..e44s 165
streets eseven 165
wheels ...... 169
WYIAVERGL  sivinn aisiedionsia B0y
cause of breakers 329
Spray.... 340

Ta




486 INDEX.
PAGE | PAGE
WAX' ciecnsersninsesseses 10| WHEBELS ecatch fire.., 108
candles not snuffed 83 greasef’ g ad. .. 103

WearHER affected by
tempests ...... 343
weight of air .. 334

T e s e
prognostics of.... 140
,, fr. animals 154, 159
clouds .. 138, 141
flowers ...... 187
rainbow ...... 146
sky 146
SUN-TiS€ s0 sa.. 140
sun-set .. 143, 146
yules'for..ivse., 837
sudden change brings
PRIN o i htaiasanodd
told by barometer 334
fOYR L siahivaiaites SOl

WeLL-sinkers use lime 267

stars seen in 392

snn not seenin .. 392
West wind promotes dew 225
Tainy. Yaiseadeana 2l

WET clothes give cold 164

,, safe in a storm 22
feet dangerous.... 164
finger cold ...... 163
indieationsof, , 145, 149
kindling 45
night oppressive.. 150
rat safein lightning 22
gheets ...ve000.0 164
signs of .... 145, 146
summer brings cold 166
WAllgs 5 ni asiseal 28
weather painful 145, 150

& @F & F & 8B

L T I

Wettest months 346 |

kept cool by water 169
Wheel-ruts frozen .... 367
Wheelwright o..e.0e o st d25
WEBIER pisiresivis v daatt 416

DUBLETH, o sisinie s s:dp i DS

body linen lGew.. . 194

bones! . susessisees 120

cloth edld. .o ossssl94

clouds .35+ 419

crust on clothes .. 170

colour, cause of .. 419

dresses for summer 194

s not for winter 194

18t cisesnnteainer 419

frothic ... asieslaaed1l

LilyFid e ssimnsanipttine o409

Hmets oo dadeasis w218

MiSE L cekakidess 150

BAIL . ivcaiavelainiiiadnd

SNOW 3461

spray 419

sugar 352

thread .. isniinese 419

vitriol .. 488
Wicks cotton, snuffed 83

not of wax light 83

gas of cevuiveenes 204

long, have a nob.. 82

not upright ...... 82

Pulmer's not snuffed 82

rekindled quickly 3, 56

smoke .. 34

See candles.
Will o’ the Wisp «s.... 298
WVEND: s ansie oteisinie s GO
affects barometer,, 337
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WisD (continued) PAGE PAGE
cloude .... 184 | WiNpows blaze with sun 390

after lightning .. 10
altered by clouds 310
& electricity 136

mountains 808
SeAs os.0: 00D

rotation of
earth .. 306
brings clouds .... 142
322

AN e
7 322

, Tain
ﬂEUSE ﬂf e @Ew I- [ Y E{}U
chimneys smoke frtm;ﬂ[

changes clounds 131, 134

EE]
13
»»

1

[ L B

cold .. 1706, 187, 320
dispels clouds 134, 143 |
si TORivesone 200
draws up fire .... 62
dries linen ..es.. 883
effects on air .... 801
,s s barometer 336
feels hot sometimes 187
generally cold 187

in England ...... 317
increases clouds .. 134
near mountains .., 808
of a morning .... 926
evening .... 320
prevents dew .... 214
regular..eseesees 810
VATieS sessssases 308
velocity of +.e... 831
varies .... 300

See England, monsoon, novth,
svuth, west, dc. trade winds,
breeze, &e.

Winding passages echo 432

391
330
221
219
220
435

Dot At NOON 4. g u s s
draught of ......
covered with frost
mist

L]

carriage dull
Tattle L. o sistacisalas
Wine glasses (See glass)
Wine, fermentation of 249
made without yeast 285
sour cause of .... 280
WinTER clothing.. 182, 104
eoldryiiitive .-t 166
promotes hunger 93
Wispom or Gop
See God's goodness.
Woobn ashessoften water 362
DUMS oassiiton amiein &2
spontaneously 56

eharred ... seaee . i
hot at one end, eold
at the other.... 171

ignited by friction 102
kindling ...... 42, 43
dry . 45
9 \ o ot 45
made incombustible 46
sends forth sparks 110
BanB IR R R lﬂa
wiil not melt .,... 130
Wooden handles...... 173
Woodpeckers cry before
TRITL arncain sieihia etatnrs  eie s b1 LK
Woor bad conductor.. 172
collects no dew .. 216
WAIm .....s 182, 350
WooLLEN clothing.... 182
kettle holders 173
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PAGE PAGE
Work produces hunger 90| Yrrrow flame luminous 48
Wound brings blood .. 83 medium tone .. 419
sky sign of rain 145
ERABT S5 Naientione oloiss. 282 BORD s Ftsotenai a0l
makes light bread 288 sun-set cause of 143
WOXL oo T eeas 288 sy Sign of wet 144

not used in wine .. 284
used in brewing .. 282 | Zig-zag lightning .... &
YerLLow colour ...... 419 | Zinc a conductor .... 172
cause of .. 419, 424 tarnish ofeessee.. 2061

GLOSSARY.

Acefic Aeid called Distilled Vinegar* | Sulph. of Zine  called White Vitriol

Giirie  ,, »» dJuice of Lemonst | Nitrafe of I'ofosh » Saltpetre
Nitrous , » Agua Fortis # Nriver » JLumnar L austie
Ozalic ,, n Sultofl emonst Prussiafe of l'otagh ,, Trussiau llue
aswlphurie,, » il of Yitriol Tartrute of Yotash ,, Rochelle Salt
Sulph, of Alumina,, Alum Acetate uof Copper  ,, Verdigris

= Lime ,, Ilaster of Paris Muriate of Suda » Jable Salt

w Jdrom ,, Greew Cupperas Oaide of Lead » Goulard

5 Copper,, Blue Vitriol Carb. of Ammonia ,, Smelling Salta

F Magnesia 1 p=oin =alts e Lime » CUhalk, Marble, &c

& soda ,, Glauber =alts Sup, acet, of Lead ,, Sugar of Lead.

SUuBLIMATES are chemical preparations, the basis of which is generally quick-
ellver Iu cornosive sustrimares, the quicksilver is eatinguished, either by
vitnol. potter's clay, or some other ingredient. Benscic acid is a sublimate
without guicksilver.

SunLimaT!iow is a similar proc ess to distillation ; only solids (such as metals
are employed, instead of liguids.

N.B —1t may be profitable to remind the pupil that when the terminztion
‘*‘ gus' is used, it implies that the substance Las less oxygenthan when the
termination ** ic s added—thus sulphurous acid contuins less oxygen than

eulphuric acid, &e.
* Distilled vinegar is an impure or diluted acetic acid. :
t Citric acid is a rather erystalli bstance, prepared from the juice of
lomons.
1 balt of lemons is really a
lents of oxalic acid and one g
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CHEAP AND POPULAR BOOKWS

ON SCIENCE.

THE EARTH AND ITS GARMENT OF

WATER AND AIR. The Great Round World—The Wide
and Deep Sea—Busy-body Oxygen—The Invisible Air—The
Inconstant Wind—The Refreshing Rain. Embossed cloth, 1s. 6d.

THE ATOMS AND ELECTRIC FORCES OF
THE EARTH. Mass and its Might—Expansive Heat—Thun-
der and Lightning—The Lightning Bridled and Tamed—The
Lightning Harnessed for Useful Work—The Lightning Guiding
the Mariner. Embossed cloth, 1s. Gd.

THE RAW MATERIAL OF LIFE. 9d.

OUR WORLD: ITS ROCKS AND FOSSILS.
By the Author of ¢ The Observing Eye.” FEighth Thousand.
Numerous Illustrations. Cloth, 2s.; gilt edges, 2s. 6d.

THE OBSERVING EYE: Letters to Children on

the Three Lowest Divisions of Animal Life —Radiated, Articu-
lated, and Molluscous. By Mrs. John Wright. With Engrav-
ings. Embossed cloth ; Fifth Edition; 2s. 64.

WHAT IS A BIRD? The Forms of Birds—their
Instinets and Use in Creation considered. With Anecdotes and
INlustrative Engravings. By Mrs. John Wright. Handsomely
bound in cloth. Second Edition, 2s. 6d.

+ PLANTS OF THE LAND AND WATER.

[ Short and Entertaining Chapters on the Vegetable World. By
i Mary and Elizabeth Kirby. With Numerous Illustrations.
Embossed cloth, 2s. 6d.

CATERPILLARS, BUTTERFLIES, AND

MOTHS : Their Manners, Habits, and Transformations. By
Mary and Elizabeth Kirby. Illustrations. Embossed cloth, 2.

VEGETABLE AND ANIMAL LIFE: A

Hand-book of Physiological Science. By Robert James Mann,
M.D., F.R.A.8., &e. Third Edition; Embossed cloth, 3s. 64d.

A GUIDE TO ASTRONOMICAL SCIENCE.

By D.:E-' Mann, M.D., F.R.A.8. With Diagrams; Embossed cloth,
da8. Gd.

» DR BREWERS GUIDE TO SCIENCE.
101st Thousand. Embossed cloth, 3s. 6d.

The object of this volume is to explain scientifically, but in the
simplest language, 2000 questions of the commonest pheno-
mena of life.

DR. BREWER'S THEOLOGY IN SCIENCE.
5th Thousand. FEmbossed cloth, 3s. 6d.

e —

Farrold &2 Sons, 12, Pcze‘erﬁ_a:far Row, London.
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Cheap and Popular Books

ON HISTORY.

——— e

GUIDE TO ROMAN HISTORY. By Dr. BrREWER.
From the Earliest Period to the Close of the Western Empire.
Sixth Edition, embossed cloth, price 3s. 6d.

GUIDE T0 GRECIAN HISTORY. By Dr. BREWER.
Arranged for Use as a Class Reading Book, or as a Question
Book. Fourth Edition, embossed cloth, 3s. 6d.

These manuals are written in the simplest style, that they may
be with ease committed to memory : the mythological fables
have been explained, whenever any simple solution has pre-
sented itself; such anecdotes as are needful to render classie
allusions intelligible, have been introduced; and literary
amusement has been made to blend with authentic and

legitimate instruction.

ALLISON'S GUIDE TO ENGLISH HISTORY AND
BIOGRAPHY. By Dr.Briwer. 2th Edition, 3s.

A COMPENDIUM OF ANCIENT HISTORY (Sacred
and General). 9d. Embossed cloth, 1s.

HISTORY OF THE MIDDLE AGES (General and
Ecclesiastical). 9d. Embossed cloth, 1s.

MODERN HISTORY (General and Ecclesiastical). 9d.
Embossed cloth, 1s.

HISTORICAL QUESTIONS on the THREE PRE-
CEDING BOOKS. 9d. Embossed cloth, 1s.

A knowledge of the facts contained in these Ninepenny
Historical Manuals will qualify the Student for Examinations. _

A COMPENDIUM OF UNIVERSAL HISTORY :
Comprising the above Four Divisions, and forming one hand-
some volume for the Historical Student. Second Edition.
Embossed cloth, 2s. 6d.

BREWERS GUIDES TO SCRIPTURE HISTORY ;
THE OLD TESTAMENT, with Contemporaneous History,
Third Edition, 3s. 6d.

THE NEW TESTAMENT, with Supplementary Chapters,
bearing on the Contemporanecous History, and the Political

and Religious Aspect of the Time. 3s. Gd. :

Farrvold &> Sons, 12, Palernoster Row, London.




Cheap and Popular Books.

o L R e N e, e N

HOUSEHOLD TRUTHS FOR YOUNG MEN.
How to Rise in the World—Life's Battles and Men who have
Won Them—Men who have Fallen—How to Take Care of
Number One—Straightforwardness, the Road to Honour,
Happiness, and Wealth—Young Men in Great Cities, Em-
bossed cloth, 1s. 6d.

THE NEW HOME: OR, WEDDED LIFE,
ITS DUTIES, CARES, AND PLEASURES. By
the Author of ** A Woman’s Secret; or How to Make Home
Happy.” Handsomely bound in cloth, Third Edition. 1s.

EVERY-DAY WONDERS OF BODILY LIFE,

Complete in one handsome volume. Third Edition. 1s,
( Recommended by Professor Owen and Lord Brougham.)

ROSE BRYANT; PASSAGES IN HER
MAITDEN AND MARRIED LIFE, A suitable present
for girls leaving school. 1s,

THE CHILDREN OF SUMMERBROOK.
A Series of Interesting Tales, in Verse, for Children, by
Mrs. Sewell, Author of ‘‘Mother’s Last Words.”” Eighth
Edition. 1s,

PATIENCE HART'S FIRST EXPERIENCE
IN SERVICE. A New Book in Prose, by Mrs. Sewell,
Author of ‘‘Mother’s Last Words,” **Our Tather's
Care,”” &ec. Foolscap 8vo., handsome cloth boards. Third
Edition. 2s.

THINGS OF EVERY-DAY USE: WHAT
THEY ARE, WHERE THEY COME FROM, AND
HOW THEY ARE MADE. ls.

EEADING LESSONS IN SOCIAL
FCONOMY : Enunciates the Laws which Reculate the
Production and Distribution of Wealth, and the Conditions
of Industrial Success. By B. Temprar, Head Master of

the Model School, Manchester. 18mo., stiff cover, 1s.; or
. cloth, 1s, 6d.

Farrold & Sons, 12, Paternoster Row, London.




BOOKS FOR THE HOUSEHOLD.

The extraordinary demand for the Household Tracts for the
People has led to their issue in a form suited to the Home and
Lending Library andas Gift Books, They have been so arranged
that each volume is adapted to a special class of readers. The
publishers confidently anticipate for the Books for the House-
hold the same discriminating patronage which has been awarded
to the Household Tracts in their separate form.

The Title and Contents of each Volume :
FOR FATHERS AND MOTHERS.

Cottage Homes—The Mother’s Trials and Triumphs.—How do
You Manage the Young Ones?!—Household Management.—
Peace in the Household.

HOME HAPPINESS.
Something Homely.—Whose Fault is it '—How to Make the
Most of Things.—Never Despair.—Household Troubles and
How to Meet Them.

FOR WORKERS AND THINKERS.
Working Men’s Hindrances,—When to Say * No !”’—The Day of
Rest.—How do People Hasten Death '—Men who have Fallen.

FOR YOUNG WOMEN.
The Useful and Happy Life.—My First Place.—The Dangerous
Way.—Daughters from Home.—Kind Words.

FOR YOUNG MEN.

How to Take Care of Number One.—How to Rise in the
World.—Life's Battles and Men who have Won Them.—
Straightforwardness,—Young Men in Great Cities.

FOR BOYS AND GIRLS.
Mother’s Last Words.—Our Father’s Care.—The Starting in
Life.—How to Get On in Life.—Work and Play.

POETRY ON HOME & SCHOOL LIFE.

Children at Home.— Children at School.— Happy School-
fellows.—Sick Child’s Cry.—Household Rhymes.

THE PATHWAY OF HEALTH.
The Worth of Fresh Air,—The Use of Pure Water.—The
Value of Good Food.—The Influence of Wholesome Drink.—

The Advantage of Warm Clothing.

FOR YOUNG MEN AND WOMEN.
Are You Thinking of Getting Married !—Going a-Courting.—
Marriage Bells,—Temptation.—Company.

One Shilling each, bound in Cloth with Frontispiece.

Farrold & Sons, 12, Paternoster Row, London.




Household Tracts for the People.

TWOPENCE EACH.

They supply information on Health, Home Happiness,
I'raining up Children, and Social Morals, in the most interesting
and attractive style of narrative and illustration. They are

eacerl

o read by young and old of every station.
of TWO MILLIONS are already in circulation,

Upwards

Suitable for Young Men and Womien.

¢Young Men in Great Cities.

¢Daughters from Home.

How to Take Care of Number
One.

How to Rise in the World.

Are You 'Thinking of Getting
Married?

®The Happy Life.

Going a-Courting, Sweetheart-
ing, Love, and Such Like.

Life’s Battles, and Men who
have Won Them.

Men who have Fallen.

Temptation.

The Dangerous Way.

Straightforwardness, the Road
to Honour, Happiness, and
Wealth.

Gain of a Well-trained Mind.

Marriage Bells.

Suitable for Fathers and Mothers.

How do You Manage the Young
Ones?

Peace in the Household.

How to Make the Most of Things.

Cottage Homes.

The Mother's Trials and
Triumphs.

Household Management.

Working-Men's Hindrances.

When to Say No!

Something Homely.

Household Troubles, and How
to Meet Them.

The Day of Rest.

Suttable for Children.

®Mother's Last Words.
®Village Children at Home.
*Village Children at School.
€The Happy Schoolfellows.
*Our Father’s Care.

#The Starting in Life.

How to ‘“*Get On”’ in Life.
Household Rhymes.

*My First Place.

Series on Health.

How do People Hasten Death !
The Worth of Fresh Air.
The Use of Pure Water.
Influence of Wholesome Drink,
The Value of Good Food.

Advantage of Warm Clothing,
Whose Fault is 1t ?

¢Never Despair. In
*The Sick Child’s Cry. i
*Work and Play. 1yme,

8 These are also published in enamelled covers, 3d. each.

A pleasant and profitable half-hour may be spent in reading
one of these *‘ Household Tracts;” and giving it away when
read, may make some one else wiser and happier.

In Seven Assorted Packets, at One Shilling each,

Farrold &> Sons, 12, Paternoster Row, London.
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POPULAR TRACTS ON HEALTH
Issued by the LABIES’ SANITARY ASSOCIATION, afiiliated

with the.* National Association for the Promotion of Social Science.”

Healthy Dwellings;- and Pre-
vailing Sanitary Defects. By
H. Roberts, r.s.A., 4d.

Woman’s Work in Sanitary
Reform. 2d.

Sanitary Defects and Medical
Shortcomings. By Dr. Lan-
kester. 2d.

The Health of the Parish, and
Dwellings of the People. 2d.

Massacre of the Innocents. 1d.

The Mischief of Bad Air.

The Health of Mothers. 2d.

How to Manage a Baby. 2d.

When were You Vaccinated ? 14.

The Power of Soap and Water *
a Dream that came True. 1id.

The Cheap Doctor: a Word
about Fresh Air. 4d.

Bliﬁ'k Hole in our Bed-Rooms.

Washing the Children. 1d.

The Bride's New Home., 1d.

The Mother. 1d.

The Inspector : How to Get Rid
of Bad Smells Without, and
Bad Tempers Within. 1d.

Going to School. 14d.

A Day in the Country. ld.

Lost and Found. ld.

About to Marry. ld.

Every-day Wonders of Bodily
Life. In Three Parts, 2d. each.

The Secretofa Healthy Home. 2d.

OCLENCE FOR THE HHOUSEEGLD,

TWOPENCE  EACH.

- This Series of School and Home Books is intended so to illustrate
the great fucts in Science, as to make the great masses of the People
Sfamiliar with the discoveries of philosophy, as they bear on the
circumstances of every-day life, and the commerce, locomotion,
and habitations of mankind.

The Great Round World. The Lightning Bridled & Tamed
The Wide and Deep Sea. The Lightning Harnessed for
Busy-Body Oxygen. Useful Work.

The Invisible Air. The Lightning Guiding the
The Inconstant Wind. Mariner,

The Refreshing Rain, The Raw Material of Life. Nos.
Mass and its Might. I., I, and III.

Expansive Heat. The Chemistry and Composition

Thunder and Lightning. of the Soil,

NEW SERIES OF PENNY TRACTS.

Poor Betsy Rayner: the Power | Annie’s Walk to School.
of Kindness. By Mrs, Sewell. | ““Buy Your Own Cherries!”

Robin Gray: or the Lord will
Provide.
Little Julia : or, Early Glorified.

ONE HALF-PENNY.
The Lost Treasure, or the Value
of the Bible.

Farrold &> Sons, 12, Paternoster Row, London.




FARNELL'S |
SYSTEMATIC COPY-BOOKS

Invariably insure a good Handwriting. Fvery
Exemplar Copy is based upon a well-considered
and perfect system, giving freedom in handling
the pen, and securing beautifully formed letters.

1. ELEMENTARY COPIES.
Nos. 1 to 4. 3d. each.

2. TEXT, ROUND, AND SMALL HAND.

Nos. 5, 6, 13, 14. FEach Book contains Seventy-two
Copies on the subjects of Arithmetie, Geography,
and Grammar. 3d. each.

3. COMMERCIAL COPY-BOOKS.

Nos. 7 and 8. Including Business Letters, Invoices,
&c. 38d. each.

4, A BEAUTIIUL LADIES' HANDWRITING.

Nos. 9, 10, 11. Including Poetry, Astronomical
Copies, &e. 3d. each.

6, CURRENT SMALL HAND.
No. 12. Copies in Scripture Chronology. 3d.
Very superior Editions of all the above, at 6d. each.

6. FARNELL'S RAPID WRITER, or RUNNING-
| HAND SYSTEM.

| Post 4to., price 6d.; Superior Cream-wove, 9d.;
Post 8vo, superior Demy Drawing, 1s.

€5~ An cight-page Pamphlet of Testimonials to the excellence of
this Writing System, from practical educators, may be had, post
Jree, from the publishers.

London: Jarrold and Sons, 12, Paternoster Row.




MIDDLETON'S ASTRONOMY,

NI

THE USE OF THE GLOBES,

Third Edition, 3s. 6d.,

Contains all the problems on both globes, the greatest
number and variety of examples, and the plainest rules
of any treatise extant. A complete system of Astronomy,
questions for examination, &e.

A KEY TO THE PROBLEMS, containing
all the Answers, 2s. Gd.

MIDDLETON’S CELESTIAL ATLAS,

Beavtifully Colowured, 15s. ; Plain, 12s. 6d. ;

Contains maps of all the stars and ‘constellations, with
corresponding blank maps of the stars only. A short
and easy method of acquiring a practical knowledge of
the heavens.

THE STUDENT'S COMPANION TO
THE CELESTIAYL, ATI.AS. Second Ldition,
os. 6. .

The above educational works are eminently practical, and
are cxtensively used by the author in the metropolis and its

vicinity.
Kexsmweron, 1863,

Jarrold and Sons, 12, Paternoster Row, London.
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