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PREFACE TO THE THIRD ESMTON.

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 rosc red, leaves green, and thé violet a deep
parple ;  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 culd, 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 “verv foolish for asking
such -illy questions!” The object of the present
book is to cxplain about 2000 of these questions
(which are often more easily asked than answered)
in language so simple that a child may understand
it, yet not so childish as to offend the scientific.
In order to secure the strictest accuracy in the
answers, the most approved modern authors have
been consulted, and each edition has been submitted
to the revision of gentlemen of acknowledged repu-
tation for scientific attainments. Sincere thanks
are due to the Rrv. A. Bara Powrr, M. A,,
and to Roserr James Manw, Esq. of Buxton,
for their most careful revisions of the whole book,
for many excellent hints, and useful additions.*

* Mr. Simeon Simons, of Cromer, furnished some
useful hints for the second edition.



In conclusion, the almost unparalleled success of
this little volume, of which 10,000 copies have
been printed in 12 months, is an incontrovertible
proof of its acceptability ; and has induced the
author to spare neither labour nor expense to
render this third edition of the ‘“Guide to the
Scientific Knowledge of Things Familiar” instruct-
ive 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
material alterations will be made in future editions;
although such as may be needful, to render the
book most generally useful, shall be adopted
from time to time, as subsequent reprints may
be demanded.

King's College School, Norwich,
Feb, 1st, 1849,
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PART L

HEAT.

3

INTRODUCTION.

What is heat ?
The sensation of warmth.
How is this sensation produced ?
When we touch a substance of
hlgher temperature than ourselves, a
“subtle invisible stream flows from the
hotter substance, and produces in our
nerves the sensation of warmth,
Q. What is that *subtle invisible stream”
called, which flows thus from one body to another ?
A. Cavro'ric. Caloric, therefore, is
the agent, which produces the sensation
of warmth ; but HEAT is the sensation
itself, produced by the influx of Calonic.
B

o o



2 HEAT.

Q.  What are the four principal SOURCES of
heat ?

A. 1.—The Sun. 2.—Electricity.
3.—Chemical Action; and 4.—Mechan-
ical Action. N

Q.  What are the principal EFFECTS of heat ?

A. Expansion, Liqt: faction, Vapo-
rization, and Ignition. ~ -

CHAPTER 1.

Q.  What is the PRINCIPAL source of Heat ?

A. The Sun.,

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

A. Because the rays of the sun,
collected by the Burning Glass, are all
bent (as they pass through it) to one
point, called the <focus;” in conse-
quence of which, the light and heat of
this poin! are very greatly increased.
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Q. Why i3 there a DARK RIM round this
Jocus 2

A. Because the rays of light, which
should have fallen there, are bent into the
Socus; and the space around (being
deprlved of these rays) is accordingly
darkened.

Q.  Are ALY the Tays bent into one point ?

A. No, not quite all: and, therefore,
the rim round the focus is only slightly
shadowed.

CHAPTER 1II

Q.  What is the sECOND chisf source of Heat ?

A. ELECTRICITY.

Q. What s LIGHTNING ? ?

A. Lightning is accumulated Elec-
tricity discharged from the clouds.

Like that from a “ Leyden jar.”

Q.  What causes the discharge of an electric
cloud ?

A. When a cloud overcharged with
electric fluid approaches another which

B 2



4 ELECTRICITY.

is under-charged, the fluid rushes from
the former into the latter, till both contain
the same quantity.

N.B. Some persons think there are two different sorts of
Electricity—one Vitreous, and the other Resinous.

Q. Is there any oTHER cause of lightning,
besides the one just mentioned ?

A. Yes; sometimes mountains, trees,
and steeples, will discharge the lightning
Jrom a cloud floating near; and some-
times electric fluid rushes out of the earth
into the clouds.

Q. What produces ELECTRICITY i the CLOUDS?

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

20dly—The chemical changes per-
petually going on upon the earth’s
surface; and -

3rdly—Currents of air of unequal
temperature excite electricity by friction,
as they pass by each other.

Q. How HiGH are the LIGHTNING-CLOUDS
Jrom the earth ?

A. Electrical clouds are the lowest of
all clouds; they are rarely more than
700 yards above the ground; and
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sometimes they actually touch the earth
with one of their edges.

Q.  Houw high are the clouds GENERALLY

A. Ina fine day, the clouds are often
4 or 5 miles above our head; but the
average height of the clouds is from 13
to 2 miles.

Q.  Why is lightning sometimes FORKED ?

A. Because the lightning-cloud is a
long way off; and the resistance of the air
is so great, that the electrical current is
diverted into a zig-zag course.

Q.  Why does the resistance of the air make
the lightning zig-zag ?

A. As the lightning condenses the
air in the immediate advance of its path,
it keeps flying from side to side, in order
to pass where there is the least resistance.

Q. Why are there sometimes TWO flashes of
Sorked lightning at the same moment ?

A. Because (in very severe storms)
a flash of lightning will divide nto two
or more parts; and then each branch
assumes the zig-zag form.

Q. Why is the ¥LASH sometimes quile
STRAIGHT ? :
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A. Becausethelightning-cloud hovers
near the carth; and as the flash meets with
very little resistance it is not diverted ; or
(in other words) the flash is straight.

Q. What is SHEET LIGHTNING !

A. Itis either the reflection of distant
Slashes not distinctly visible: or else
several flashes intermingled.

Q.  What otHER form docs lightning occasion-
ally assume ?

A. Sometimes the flash assumes a
globular form ; which is the most danger-
ous form of lightning.

Q.  What arethose BALLS of FIRE, which some-
times fall to the earth in a thunder-storm ?

A. Masses of explosive gas formed
in the air: they generally move much
slower than lightning.

Q. Why are BALLS of FIRE So very DAN-
GEROUS ?

A. Because they explode, like a
cannon, when they fall; and occasion
much mischief,

Q. Do these BALLS OF FIRE ever run along
Jhe grovnd ?
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A. Yes; sometimes they run a con-
siderable way along the ground, and
explode in a mass :

At other times they will split into
numerous smaller balls, each of which
will explode in a similar manner,

Q. What siscRIEF will these balls of fire
produce ?

A. They will set houses and barns
on fire; and kill all cattle and human
beings, which happen to be in their
course,

Q.  Why does LIGHTNING sometimes KILL men
and beasts ?

A. Because, when the electric current
passes through a man or beast, it pro-
duces so violent an action upon the nerves,
that it destroys life.

Q. WHEN is a person struck DEAD by Uight-
ning ?

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

Q. Why are MEN sometimes MAIMED by
lightning ?
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A. Because theelectric fluid produces
an action upon the nerves sufficient to
injure 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 it
has been parted by the lightning flash.

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

Q.  Why does lightning PART the air through
which it passes ? it does not part a rod of iron.

A. As iron is a conductor, it allows
the fluid to pass freely over it: but air
being a non-conductor, resists its passage.

Q. Why is THUNDER Sometimes ONE VAST
CRASH ?

A. Becausethelightning-cloudisnear
the earth; and as all the vibrations of the air
(on which sound depends) reach the ear
at the same moment, they seem like one
vast sound.

Q. Why is the PEAL sometimes an (RREGULAR
broken ROAR?

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

Q.  Why would not all the SOUND-WAVES reach
the ear at the same time, if they had far to travel ?

A. Because sound takes a whole
second of lime to travel 380 yards; if,
therefore, the cloud were 1000 yards off,
we should hear the vibrations of the
lowest strata of air nearly three seconds
before we heard those in the immediate
vicinity of the cloud.

Q.  What is meant by  STRATA of air ?”

A. If a board were laid upon the
earth, and several other boards piled
upon it, this pile would represent strata
of wood.

) C?l How does this illustration apply to the
awr

A. A layer of air covers the earth;
another layer rests upon ¢ ; and thus,
layer is piled upon layer for 50 miles in
height. Each layer is a ‘“ stratum > of
air; and the plural of stratum is < strata.”

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

Q. Does not SCENERY ajfect the sound of
thunder ?

A. Yes; the flatter the country the
more unbroken the peal. Mountain
scenery breaks the peal, and makes it
harsh and irregular.

Q.  What is the vause of ROLLING THUNDER ?

A. Because the vibrations of air
(having different lengths to travel) reach
the ear at successive intervals.

The reverberation (or echo) amongst the massive clouds
, contributes in some measure to this effect.

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

A. The flash produces a change in
the physical condition of the air, and
renders it unable to hold so much water
in solution as it could before; in
consequence of which, a part is given
off in heavy rain.

Q. Why is a flash of lightning generally
followed by a GUST OF WIND? -

A. Because the physical condition of
the air is disturbed by the passage of the



THUNDER-BOLTS. 11

lightning, and wind is the result of this
disturbance.

Q. Why is there No THUNDER (o what is
called SUMMER LIGHTNING ?

A. Because the lightning-clouds are
so far off, that the sound of the thunder

.is lost, before it reaches the earth,

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

A. No; the notion of thunder-bolts
arises, either from the globular form
occasionally assumed by a flash of light-
ning ; or else from the gaseous fire-balls
which sometimes fall from the clouds.

(p- 6.)

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

A. Lightning travels nearly a million
times faster than thunder; if, there-
fore, the thunder has far to come, it will
not reach the earth till a considerable
time after the flash.

Q. Canwenot tell the DISTANCE of a thunder-

cloud, by observing the interval which elapses
between the flash and the peal ?
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A. Yes; the flash is instantaneous,*
but thunder will take a whole second
of time to travel 380 yards : hence, if the
flash be 5 seconds before the thunder,
the cloud is 1900 yards off.

(i e. 380 X b= 1900 yards.)

Q What PLACES are ".0s{ DANGEROUS
during a sTorRM ?

A. TItis very dangerons to be near a
tree, or lofty building ; and also to be near
a river, or any running water.

Q. Why is it DANGEROUS {0 be NEAR @ TREE,
or lofty butlding, during a thunder-storm ?

A. Because a tall pointed object,
(like a free or spire,) will frequently dis-
charge a lightning-cloud ; and if any one
were standing near, the lightning might
diverge from the tree, to pass through
the fluids of the human body.

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

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

* The speed of lightning is so great, that it would go

480 times round the earth in one minute: whereas thunder
wonld go scarcely 13 miles in the same space of time.
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charged by it; but as a tree, or spire,
would shorten this distance, it might no
longer be too far off to be discharged.

For example. If a lightning cloud were 700 yards above
the earth, it would be foo far off to be discharged :—but &
tree or spire 50 feet high would make the cloud only 650
yards off a conductor, and the cloud would be instantly
discharged.

‘' Q. Isnot Atk a coNDUCTOR of lightning ?

A. No; dry air is not a conductor of
lightning. :

Q. Why would it be dangerous to stund near
a tree or spire, while lightning is passing down it ?

A. Because the electric fluid (called
lightning) always rushes down the
outside of the tree or spire; and if any
one were standing near, might diverge
from the tree to pass through the fluids
of the human body. !

Q. Docs lightning go through the inside or
OUTSIDE of a tree ?

A. It runs down the outside of a
tree ; but passes through the inside of a
man.

Q. Why does lightning pass doun the
OUTSIDE of a tree ?

A. Because it always makes choice

’ C
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of the best conductors: and the oulside
of a tree is a better conductor than the
inside.

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

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

Q. Why is it DANGEROUS to be near a decp

RIVER, or any other running water, during a
thunder-storm 2

A. Because running water is a good
conductor ; and lightning always takes in
its course the best conductors.

Q.  Why is it dangerous for a man to be NEAR
WATER, tn @ thunder-storin ?

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

See note on p. 18.

Q. Whyis it DANGEROUS {0 RING CHURCH-
BELLS during a thunder-stormn ?

A. For two reasons: lst—Because
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the steeple may discharge the lightning-
cloud, in consequence of its mere height.

2ndly—The swinging of the bells
puts the air in motion, and diminishes
its resistance to the electric fluid.

Q:  Why is it unsafe to RUN or DRIVE FAST
during a thunder-storm ?

A. Because it produces a current of
air; and, as air in otion affords less
resistance to the flash, it is a better con-
ductor than air in a state of rest.

Q. What PARTS of @& DWELLING are most
DANGEROUS during a thunder-storm ?

A. The fire-place, especially if the
fire be lighted; the attics and cellar.
It is also imprudent to sit close by the
walls; to ring the bell; or to bar the
shutters, during a thunder-storm.

Q Why is it DANGEROUS {0 sit BEFORE a
FIRE during a thunder-storm ?

A. Because the heated air and soot
are conductors of lightning; especially
when connected with such excellent
conductors as the stove, fender, and
fire-irons.
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Q. Why are the ATTICS and CELLAR DAN-
GEROUS during a thunder-storm ?

A. As lightning sometimes passes
Jrom the clouds to the earth, and some-
times from the earth to the clouds; there-
fore, the middle storey of a house is

" safest to be in during a thunder-storm.

Q.  When does lightning pass FROM THE
EARTH to the cLouDs ?

A. When the clouds are in a “neg-
ative” state of electricity.

Q. When does lightning pass FROM THE
CLOUDS to the EARTH ?

A. When the clouds are in a

“ positive ” state of electricity.

Q.  Whlat is meant by the clouds being in a

‘¢ positive state of electricity ?"

+ A. When the clouds contain more
electric fluid than they generally do, they
are said to be in a” “positive ftate of
electricity.”

Q. What is meant by the clouds being in a
““ negative state of electricity 2"

A. When the clouds contain less
electric fluid than they ought to do, they
arc said to be in a ‘‘megative state of
electricity.”
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Q.  Does the flash proceed from a negative or
POSITIVE body ?

A. Always from a positive body, or
one over-charged with electric fluid.

Some men of science think there are two sor!s of electricity,
one called viTreous, corresponding to positive electricity;
and the other called RESINOUS, corresponding to negative
electricity.

Q.  When lightning flashes from the carth to
the clouds, what is the flask called ?

A. It is called the <‘returning
stroke ; ”” because the earth (being over-
charged with electric fluid) returns the
surplus quantity to the clouds.

Q. Why is it DANGEROUS fo lsan Back
AGAINST A WALL during a thunder-storm ?

A. Because the electric fluid some-
times runs down the wall of a house or
room; and (as a man is a better con-
ductor than a brick wall) would diverge
from the wall to him.

Q. Why 1is it dangerous to RING a 'BELL
during a thunder-storm ?

A. Bell-wire is an excellent conduc-
tor; and (if a person were to touch the
bell-handle) the electric fluid, passing
down the wire, might run through his
hand and injure it. - c3
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Q. Why would the lightning run through a
man touching a bell-handle ?

A. Because the human body is a
better conductor than the wall (between
the bell-handle and the floor); and as
lightning always chooses the best con-
ductor for its path, it would (in this case)
pass through the man, and injure him.

Q. Why is it DANGEROUS 10 BAR @& SHUTTER
during a thwnder-storm ? ‘

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

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

A. For two reasons. lst—Because
a mass of people form a better conductor
than an individual : and

2ndly—The wvapour from a crowd
increases the danger of such a place.

Q. Why is a MAss of bodies a better con-
ductor thar a single body ?

A. Each living body is a conductor
of electricity ; and a connected mass of
such conductors is more likely to be
struck, than a single individual.
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Q. Why is the danger increased by the
VAPOUR which rises from a crowd ?

A. Vapour is a conductor, and
therefore, may determine the shock;
especially when connected with so many
living bodies.

Q. Why is a THEATRE dangerous during a

¢ thunder-storm 9

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

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

A. 1st—Because eack sheep is a
conductor of lightning, and the conduct-
ing power of the flock is increased by its
nambers : and ‘

2ndly—The very vapour arising from
a flock of sheep increases ils conducting
porcer, and its danger.

Q. Whyis a HERD of caitle in danger during
a storm ?

A. 1st—The number of living bodies
increases the conducting power of the
animal fluids : and



20 DANGER

2ndly—The very vapour arising from
a herd increases its conducting power.

Q. If a person be ABROAD in a thunder-
storm, what place i3 the SAFEST ?

A. Any spot about 20 or 30 feet
from some tall tree or building ; unless
that spot be near to running water.

Q.  Why would it be safe to stand 20 or 30
Seet from some tall tre?, in a thupder-storm ?

A. Because the lightning would
always choose the tall tree as a conduc-
tor, rather than the shorter man; and
he would not be sufficiently near the tree,
for the lightning to diverge from it to
him.

Q. If a person be in A CARRIAGE in a

thunder-storm, in what way can he travel most
*SAFELY ?

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

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

A. Because the electric fluid might
run down the sides of the carriage; and
(if.a person were leaning against the
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sides) would make choice of him for a
conductor, and perhaps destroy life.

Q.  If a person be in A HOUSE during a thun-
der storm, what place is SAFEST ?

A. Any room in the middle storey.
The middle of the room is best ; especially
if you place yourself on a mattress, bed,
or hearth-rug.

Q. Why is the MmiDDLE STOREY of a house
SAFEST in & thunder-storm ?

A. Because, even if the fluid struck
the house, its strength would be exhausted
before it reached the middle storey.

Q. Why is the mipDLE of the RoOM more
SAFE, than any other part of it, in a thunder-storm ?

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

Q. Why is a MATTRESS, BED, 0r HEARTH-
RUG @ good security against injury from lightning ?

A. Because they are all non-conduc-
tors; and, as lightning always takes in
its course the best conductors, it would
not select such things as these,
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Q. Is it better to be WET or dry during a
storm 2

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

Q.  Why is it better to be WET than dry ?

A. Because the wet clothes would
form a better conductor than the fluids
of our body; and, therefore, lightning
would pass down the wet clothes, without
toucking our body at all.

Q.  What is the sAFEST thing a person can do
to avoid injury from lightning ?

A. He should draw his bedstead
into the middle of his room, commit
himself to the care of God, and go to

*bed; remembering that our Lord has
said, “The very hairs of your head are
all numbered.”

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

Q. What is @ LIGHTNING-CONDUCTOR ?

A. A wetal rod fixed in the earth,
runaing up the whole height of a build-
ing, and rising in a point above it.
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Q. What mctal is the best for this purpose ?
A. Stout copper wire.

Q.  Why is corpER wire better than iron 2

A. 1st—Because copper is a better
conductor than iron :

2ndly—It is not so easily fused or
melted : and

$  3rdly—It is not so much injured by
weather, :

Q. What is the use of a lightning-con
ductor ?

A. As metal wire is a most excellent
conductor, the lightning (which makes
choice of the best conductors) would run
down the metal wire, rather than the
walls of the building.

Q.  How wAR will the benefictal influence of a:
lightning-conductor extend ?

A. Tt will protect a space all round,
4 times the length of that part of the rod
which 7ises above the building.

Q.  Give me an example.

A, If the rod rise 2 feet above the
house, it will protect the building for (at
least) 8 feet all round.



24 EFFECTS OF

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

A. Because lightning-conductors are
often productive of more harm than good.

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

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

Q.  Isthere any oTHER evil to be apprehended
Jrom a lightning rod ?

A. Yes; if the rod be not big enough
to conduct the whole current to the earth,
the lightning will fuse the metal, and
injure the building.

It should be (at least) one inch in diameter.

Q. How does LIGHTNING Sometimes gocx
DOWN HOUSES and churches?

A. The steeple, or chimney is first
struck ; the lightning then darts to the
iron bars and cramps employed in the
building ; and (as it darts from bar to bar)
shatters to atoms the bricks and stones,
which oppose its progress.
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Q.  Can you tell me how St. Bride’s Church
(London) was nearly destroyed by lightning, about
100 years ago ?

A. The lightning first struck the
metal vane, and ran down the rod; it
then darted to the iron cramps, employed
to support the building ; and (as it flew

sfrom bar to bar) smashed the stones of
the church, 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 conduclors ; and will fly
both right and left, in order to reach them.

Q.  Why docs LIGHTNING turn MILK SOUR?

A. Lightning causes the gases of the
air (through which it passes) to combine,’
and thus produces a poison, called nitric
acid ; some small portion of which, mixing
with the milk, turns it sour.*

N.B. Sometimes, the mere keat of the air, during the
storm, turns milk sour.

(* The air is composed of two gases, called oxygen and
nitrogen, mized together, but nof combined. Oxygen
combined with nitrogen, produces five deadly poisons, viz.—
nitrous oxide, nitric oxide, hyponitrous acid, nitrous acid,
and nitric acid, according to the proportion of each gas in
the combination.) D
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Q.  What 13 the difference between COMBINING
and MIXING ¢ .

A. Whendifferentingredientsmingle
without undergoing any chemical change,
they are said to be mized ; but when the
natural properties of each are altered by
the union, then those ingredients are said
to be combined.

Q. Give me an example. *

A. If different coloured sands be
shaken together in a bottle, the various
grains will miz together, but not combine:
but if water be poured on quick lime, the
water will combine with the lime, and not
mix with it.

. Q.  Why are the different grains of sand said
to be MIXED, when they are shaken together ?

A. Because they are mingled toge-
ther, but the property of each grain
remains the same as it was before.

Q. Why is water poured on lime said to
COMBINE with it 2

A. Because the properties of each
are aftered by the mixture: the lime
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alters the character of the water, and
the water of the lime.

Q. Do ozygen and nitrogen COMBINE, or only
MIX together, in common atmospheric air ?

A. They only miz together, as grains
of sand would do, when shaken in a
bottle. When oxygen and nitrogen
*sombine, they do not constitute air, but
acid poisons. . '

See note on p. 25.

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

A. Ifthebeer be new, and the process
of fermentation not complete, lightning
will so accelerate the process, as to turn
the liquor sour.

Q.  Why is Nor old beer and strong PORTER
made sOUR by lightning ?

A. Because the fermentation is com-
plete already ; and, therefore,isnot affected
by electrical influence.

Q. Why 1is METAL sometimes FUSED by
lightning 2

A. Because the dimension of the
metal is foo small to afford a path for

_ the electric current.
D2
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Q.  Why does LIGHTNING PURIFY the AIR?

A. For two reasons: lst—Because
the oxygen and nitrogen of the air
combine,* and produce nitric acid:”

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

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

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

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

A. The heat of summer and autumn
produces great cvaporation; and the
conversion of water to vapour always
.develops electricity.

Q. Why does a THUNDER-STORM gencrally
Jollow very vRY weather ?

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

* The oxygen and nitrogen are not combined, but simply
mix:d in the ordinary air; but the lightning causes the
mixed elements to combine. (See note on p. 25.)
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Q. Wiy does ¢ 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. What is the general DIRECTION of a
THUNDER-STORM ?

* A. Either from east to west; or from
north to south:

Q.  Why is FLECTRICITY excited by FRICTION ?

A. Flectricity, like heat, exists in all
matter; but is often in a latent state:
friction disturbs it, and brings it into

active operation.
See p. 33.

Q.. Why is @ TREE somelinies SCORCHRD by
lightwing, as if it had been set on fire ?

A. Lightning scorches it by its own
positive heat, just the same as fire would.

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

A. Because the latent heat of the
tree is so rapidly developed by the
electric fluid running down it, that it
forces away the bark of the. tree in its
impetuosity to escape.

Some part of this effect i§ probably due to the simple
mechunical force of the lightning.
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Q. Why are BougHS of TREEs broken off by
lightning P

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

Q.  Why is an electric shock felt Most at th
ELBOW JOINT ?. ‘

A. Because the path of the fluid is
obstructed by the joint: and the shock
felt at the elbow 1s caused by the fluid
leaping from one bone to another.

Q.  Iselectricity accompanied with any oDOUR ?

A. Yes: occasionally a strong sul-
phurous odour has been observed during
.a thunder-storm.

Q.  Does not electricity sometimes give a pecu-
liar TINGE o objects around ?

A. Yes: and this peculiar colour,
produced by electricity, is called ‘ azure.”

Q. What are FUL'GURITES ?

A. Fulgurites are hollow tubes pro-
duced in sandy soils by the action of
lightning.

Q.  How does lightning produce fulgurites ?

A. 1t enters the earth, and fuses the
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flinty matter of the soil into a vitreous
(or glassy) substance, which is called a
fulgurite.

Q. Does not lightning sometimes affect the
character of 1RON and STEEL ?

A. Yes; bars of iron and steel are
sometimes rendered magnetic by light-

iNng. .
Q.  Giveme an instance of the magnetic effects
of lightning.

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

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

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

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

A. The electric fluid is conveyed
along the conducting wires to the tele-
» graphic needles.
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CHAPTER III.

Q.  What is the THIRD chief source of heat ?

A. CHEMICAL ACTION.

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

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

Q.  Eaplain by dllustration what you mean.

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

Q. Why does COLD WATER, poured on LIME,
malke it intensely 1ot ?

A. The heat is evolved by the
chemical action, produced by.Jhe cold
water combining with the lime.

N.B. ITeatis always evolved when a fluid is converted
into a solid form. Heat is always absorbed when a solid is
changed into a liquid state. As the water is changed from
its liquid form when it is taken up by the lime, therefore,
heat is given off.

Q.  Where does the heat come from ?
A. It was in the water and lime,
before ; but was in a latent state.
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Q. Was there heat in the cold waler and lime,
before they were mized together P .
A. Yes. All bodies contain heat;

the coldest ice, as well as the hottest fire.

Q.  Is there HEAT even in ICE?
A. Yes; but it is latent, (i. e. not
perceptible to our senses).
Latent, from the Latin word, Lateo, (to lie hid.)

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

A. Thus:—Ice is 32° by the ther-
mometer ; but if ice be melted over a fire,
(though 140° of heat are absorbed by the
process,) it will feel no hotter than before.

(i. e. it will be only 829, and not 172°).%

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

A. Itis hidden in the water; or (to -
speak more scientifically) it is stored up
in a latent state.

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

A. Al things contain a vast quantity
of latent heat; but as much as 1140° of
heat may remain latent in water.

* 32°, i. e. 32 degrees; 14Q°, i. e. 140 degrecs, &c.
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Q.  How can 1140° of heat be added to water,
without being perceptible lo our feelings

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

2ndly—1000°more of heatare secreted,
when water is converted into steam.
Thus, before ice is converted into steam,
1140° of heat become latent.*

Q. Can we be made to FEEL the heat of 1CE
or snow?

A. Yes. Into a pint of snow put
half as much salt; then plunge your
hand into the liquid ; and it will feel so
intensely cold, that the snow itself will
seem 7varm in comparison to it.

Q. IssaLt and sNow really coLDER than
snow ?

A. Yes, many degrees; and by
dipping your hand into the mixture first,
and into snow afterwards, the snow will
seem to be comparatively warm.

* One pint of boiling water, (212° according to the ther-
mometer,) will make 1800 pints of steam; but the steam is
no h.tter to the touch than boiling water, both are 212°;
ther~fore, when water is converted into steam, 1000° of heat

become latent. Hence, before ice is converted to steam, it
must contain 1140° of latent heat.
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Q. What is FIRE?

A. Heat and light produced by the
combustion of inflammable substances.
Q. How 1s BEAT evolved by combustion ?

A. By chemical action ;—as latent
heat is liberated when water is poured
upon lime.

o See page 32.
Q. What chemical action takes place in com-
bustion ?

A. The elements of the fuel combine

"with the oxygen of the air.
Q.  What are the elements of FUEL ?

A. As bread is a compound of flour,
yeast, and salt ; so fuel is a compound of
hydrogen and carbon.

Q. What are the ELEMENTS of atmospheric *
mn?

A. The air is a compound of oxygen
and nitrogen mired together; in the
proportion of four gallons of nitrogen to
one of oxygen.

Q. What is cARBON?
A. Thesolid partof fuel. Itabounds
also in all animal bodies, earths, and in
» some minerals,

e ERENIUR R SRR 3
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Q.  Mention some different sp CIES of CARBON

A. Common charcoal, lamp-black,
coke, black lead, and the diamond, are
all varieties of carbon.

Q. What is HYDROGEN ?

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

Q. What are the peculiur characteristics of
hydrogen gas ?

A. Though this gas itself will burn,
yet a candle will zot burn when immersed
In it; nor can an animal live in it.
Hydrogen gas is the lightest of all
known substances.*

Q. TVhat is oXYGEN ?

A. A gas, much heavier than hydro-

* Hydrogen gas may be mnde thus:—Put some pieces of
zine or iron filings into a glass: pour over them a little
sulpluric acid (vitriol), diluted with twice the quantity of
wuter; then cover the glass over for a few minutes, and
hydrogen gas will be given off.

Lxp. 1f a flame be put into the glass, an ExpLOsION Will
be made.

Ifthe experiment be tried in a phial, which has a piece
of trbacco-pipe run through the cork, and u light held a
few moments to the top of the pipe, a TLAME will be made,

if a balloon be held over the phial, (so that the gas can
inflate it,) the dalloon will ascend in a very few minutes, «
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gen; it gives bnlllancy to flame, and is
essential (o animal life.*

+ Oxygen gas is much more troublesome to make than
hydmgen The cheapest plan is to put a few ounces of
manganese (called the black oxide of manganese) into an
1ron bottle, furnished with a bent tube; set the bottle on 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:—TFill a common
bottle with water; hold it topsy-turvy over the bubbles
which rise through ilfe pan, but be sure the mouth of the
bottle Le held in the water. As the bubbles rise into the
bottle, the water will run out; and when all the water has
run out, the bottle is full of gas. Cork the bottle while the
mouth remains under water; set the bottle on its base;
cover the cork with lard or wax, and the gas will keep till it
be wanted.

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

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

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

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

(Burning sulphur emits a bluc flame, when immersed 1n
oxygen gas.) E
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Q. What is NITROGEN ?

A. Nitrogen is another invisible gas.
It will not burn; and an animal cannot
live in it: it abounds in animal and
vegetable substances, and is the chief
ingredient of the common air.*

4 parts of common air out of every 5 are nitrogen gas.
Q.  Whyis there so MUGH nitrogen in the air 2
A. In order to dilute the oxygen.

If the oxygen were not thus diluted,
fires would burn out, and life be ex-
hausted, too quickly.

Q.  What three elements are necessary to pro-
duce COMBUSTION ?

A. Hydrogengas,carbon,and oxygen
gas; the two former in the fuel, and the

. last in the air which surrounds the fuel.

Q.  What causes the combustion of the fuel ?
A. The hydrogen gas of the fuel

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

(N.J.. The white fume, which will arise and be absorbed
by the water in this experiment, is phosphoric acid; i. e.
phospliorus combined with oxygen of the air.)
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(being set free and excited by a light),
unites with the ozygen of the air and
makes a yellow flame: this flame heats
the carbon of the fuel, which (also uniting
with the oxygen of the air), produces
carbonic acid gas.

Q. What is CARBONIC ACID GAS?

A. Only carbon (or charcoal) com-
bined with oxygen gas..

Q. Why does FIRE produce HEAT?

A. Because it liberates latent heat
from the air and fuel.

Q. What CHEMICAL CHANGES n air and fuel
are produced by coMBUSTION ?

A. 1st—Some of the oxygen of the
air will combine with the Zydrogen of the
fuel, and condense into waler: and

2ndly—Some will combine with the
carbon of the fuel, and expand into
carbonic acid gas.

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

A. Because the surface of the coals
is so thoroughly heated, that every part
is undergoing a rapid union with the
oxygen of the air. 9

: E
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Q. In a BLAZING fire, why s the UPPER
surface of the coALS BLACK, and the LOWER sur-
Jface RED?

A. Carbon (being very solid) requires
a great degree of heat to make it unite
with the oxygen of the air. In conse-
quence of which, the hot under surface of
coals is frequently red (from its union
with oxygen), while the cold wupper
surface remains black.

Q. Which burns the quicker, a BLAZING fire,
or a RED HOT one ?

A. A blazing fire burns out the fuel
quickest.

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

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

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

A. Because most of the inflammable
gases, and much of the solid fuel, have
been consumed already ; and the residue
afford less food for combustion.



FIRE. 41

Q. What is SMOKE?

A. Unconsumed parts of fuel (prin-
cipally carbon) separated from the solid
mass, and carried up the chimney by the
current of hot air.

Q. Why is there MORE SMOEE when COALS
are ¥RESH added, than when they are red hot ?

A. Carbon (being solid) requires a
great degree of heat to make it unite with
oxygen, (or, in other words, to bring it
. into a state of perfect combustion) : when
coals are fresh laid on, as more carbon is
separated than can be reduced to com-
bustion, much of it flies off in smoke.

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

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

Q. Why are there DARK and BRIGHT SPOTS
in @ CLEAR cinder FIRE?

A. Because the intensity of the
combustion is greater in some parts of
the fire than it is in others.

E3
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Q.  Why is the intensity of the combustion so
UNEQUAL?

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

Q. Wiy do we see all sorts of GROTESQUE
TIGURES i{n hot COALS ?

A. Because the intensity of combus-
tion is so unequal, (owing to the gusty
manner in which the air flies to the fuel) ;
and the various shades of red, yellow, and
white heat (mingling with the black of the
unburnt coal), produce strange and fanci-
ful resemblances.

Q.  Why does PAPER BURN more readily than
wood ?

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

Q. IWhy docs wooD BULN more readily than
coal ?

A. Because it is not so solid; and,
therefore, its elemental parts are more
easily separated, and made hot.

Q. When a vIRE 45 LIGHTED, why is PAPER
laid ¢ t the noTTOM, against the grate ?

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

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

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

Q.  Why would not paper do witnouT wood ?

A. Becaus¢ paper burns out so
rapidly, that it would not afford sufficient
. contact of flame to heat the coals to
combustion.

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

A. Because wood is too substantial
to be heated into combustion by the
flame issuing from a mere match. .

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

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

Q.  Why should coar le placed ABove the
wood ?
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A. Because otherwise, the flame of
the fuel would not rise through the coal to
heat it.

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

A. That the flame may ascend through
the fuel, to heat it. If the fire were
kindled from the top, the flame would no¢
come into contact with the fuel piled
below.

Q. Why does coaL make such EXCELLENT
FUEL ?

A. Becauseitcontains a large amount
of carbon and hydrogen gas in a very
compact and convenient form.

«~ Q. Why will cINDERS become RED HOT
quicker than coals?

" A. Because (being more porous and
less solid) they are sooner reduced to a
state of combustion.

Q.  Why will not 1RoN CINDERS burn ?

A. Iron cinders are cinders saturated
with ozygen; in consequence of which,
they can imbibe no more ozxygen, and are
unfit for fuel. -

Q.  Why are ciNDEES Sghler than coavs ?
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A. Because they are full of little
holes; from which vapour, gases, and
other volatile parts, have been driven
off by previous combustion.

Q. Why will not stongs do for fuel, as well
as coALs ?

A. Because they contain no hydro-
gen, and little or no carbon.

Q.  Why will not WET KI®DLING light a fire ?

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

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

Q. Why does DrY wood burn BETTER than.
GREEN ?

A. 1st—Because no heat is carried
away by the conversion of water into
steam ; and

2ndly—The pores of dry wood being
Jilled with air, supply the fire with
oxygen. :

Q. Why do rwo pieces of woop burn
BRTTER than oNE?

A. 1st—Because they help to en-
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tangle the %eat of the passing smoke, and
throw it on the fuel : and

2ndly—The air, impinging against the
pieces of wood, is thrown upon the fire
in a kind of eddy or draught.

Q. Why does SALT CRACKLE, when thrown
into a ¥IRE P

A. Salt contains water; and the
crackling of the salt is owing to'the sudden
conversion of the water into steam.

Q. Why will not wood or paper burn, if
steeped in a solution of PorTAsH, phosphate of
LIME, 0r AMMONIA (harishorn)?

A. Because any “alkali” (such as
potash) will arrest the hydrogen (as it
escapes from the fuel), and prevent its

P combination with the ozygen of air.

Q. Whatis an al'kali ?

A. The con'verse of an acid; as
bitter is the con'verse of sweet, or insipid
the con'verse of pungent. ’

Q. Why does a JET of FLAME sometimes burst
tnéo the room THROUGH THE BARS OF A STOVE?

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

Q.  Why ts this JET somelimes of a GREENISH
YELLOW colour ?

A. ‘When a lump of coal lies over
the hot bars, or the coals below it are
not red hot, some of the gas escapes
unburnt, and is of a greenish colour.

Q.  Why does the gas escape UNBURNT ?

A. Because neither the bars nor
coals (over which it passes) are red-hot.

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

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

Q. Why1s the FLAME of a good fire YELLoW P

A. Because both the hydrogen and
carbon of the fuel are in a state of perfect
combustion. It is the white heat of the
carbon, which gives the pale yellow tinge
to the flaming hydrogen.

Q.  Whatis 16T ?

A. Rapid undulations of a fluid called
‘ether, striking on the eye.
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Q. How does coMmBusTiON make these
undulations of LIGHT ?

A. The atoms of matter (set in
motion by heat) striking against this
ether, produce undulations in it; as a
stone thrown into a stream, produces
undulations in the water.

Q.  How can UNDULATIONS of elher produce
1L16HT ?

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

Q. What is ETHER?

A. A very subtile fluid, which per-
vades and surrounds every thing we see.

N.B. This theory of LIGHT is not altogether satisfuc-
tory; but has been retained as the most plausible hitherto
projected.

Q. Does HEAT ALWAYS produce LIGHT?

A. No: the heat of a stack of hay,
or reeking dunghill, though very great
is not sufficient to produce lght.

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

A. Because yellow rays produce the
greatest amount of light ; though red rays
ploduce the greatest amount of heat.
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Q. Why is the LIGHT of a fire MORE INTENSE
sometimes than at others ?

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

Q.  Why will not CINDERS BLAZE, as well as
FRESH couls ?

A. The flame of coals is made chiefly
by hydrogen gas. As soon as this gas
has been consumed, the hot cinders pro-
duce only an invisible gas, called carbonic
acid.

Q.  Where does the hydrogen gyas of a fire come
Jrom ?

A. Allfuel is composed of carbon and
hydrogen gas, which are separated from
each other by the process by combustion.
(see p. 39).

Q.  Why does not a FIRE BLAZE OR & FROSTY
NIGILT, 80 long as it does upon another night ?

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

¥
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2ndly—Being very cold it rushes to
the fire more rapidly ; in consequence of
which, the inflammable gas of the coals
is more quickly consumed.

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

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

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

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

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

A. For two reasons: 1st—Because
cold air is more condensed than hot: and

2ndly—Because it rushes to the fire
more quickly ; in consequence of which,
the fire is supplied more abundantly with
oxygen.

Q. Why does the sux, shining on a FIRE,
mnake it DULL, and often put it out ?

A. Because the sun-shine rarefies
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the air, so that it flows more slonly to the
Jire; and even that which reaches the
fire, affords less nourishment.

Sun-shine produces also some chemical effect npon the
air cr fuel detrimental to cornbustion.

Q. Why does the air ﬂow to the ﬁra 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
sthat fire.

Q. Why does rarefied air afford Lrss Nou-
RISHMENT to fire than cold air ?

A. Because rarefied air contains less
orygen than the same quantity of con-
densed air.

Inasmuch as the same quantity of oxygen is diffused over
a larger volume of air.

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

A. 1st—Because the air out-of-doors
is more dense than the air in-doors; and

2ndly—It has freer access to the fire.

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

A. Because it has freer circulation;
. F2
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and as soon as any portion has been
rarefied, it instantly escapes, and is
supplied by colder currents.

Q.  Why does not a FIRE burn so freely in a
THAW, a8 in & FROST ?

A. Because (being ladenwithvapour)
it both moves too slonly, and is too much
rarefied, to nourish the fire.

Q Why does @ FIRE burn so Slercely in
WINDY weather ?

A. In windy weather the air is rapidly
changed, and affords plentiful nourish-
ment to the fire.

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

A. A pair of bellows drives the air
more rapidly to the fire ; and the plentiful
supply of oxygen soon makes the fire
burn intensely.

Q. Why is the flame of a CANDLE EXTIN-

GUISBRED when bloun by the breath, and 1ot made
more intense, like a _fire ?

A. As the flame of a candle is con-
fined to a very small wick, it is severed
from it by the breath; and (being
unsupported) must go out.
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Q. Whyis a SMOULDERING WICK Sometimes
REKINDLED by blowing it ?

A. The breath carries the air to it
with great rapidity ; and the oxygen of
the air kindles the red hot wick, as it
kindles charred wood.

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

A. Because, oxygen’ is not supplied
with sufficient freedom, unless it be blown
.to the wick.

Q. When is this experiment most likely to
succeed ?

A. In frosty weather; because the
air contains more oxygen then, being
condensed by the cold.

Q. TWhy does a POKER, LAID ACROSS @ dull
FIRE, revive it 2

A. For two reasons: 1st—Because
the poker concentrates the heat, and
therefore increases it ; and

2ndly—As a narrow aperture is made
between the poker and the coals, the air
is arrested, and a draught created.

See also the question at the foot of page 45.

. F 3



54 CHEMICAL ACTION.

Q. Why are stoves fixed on the FLoOR of
a room ?

A. In order that the air on the lower
part of the room may be heated by the
fire.

Q.  Would not the air of the lower part of a
room be heated equally well, if the stoves were fixed
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.  Why are our FEET very frequently coLp,
when we sit close by a good fire ?

A. As the fire consumes the air
which passes over it, cold air rushes
through the crevices of the doors and
windows along the bottom of the room
to supply the deficiency; and these
currents of cold air, rushing constantly
over our feet, deprive them of their
warmth.

Q.  If a piece of PAPER be laid FLAT on a clear
JSire. it will NoT BLAZE, but caar.  Why so ?

A. The carbon of a clear fire, being
safficiently hot to unite with the oxygen
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of the air, produces carbonic acid gas,
which soon envelops the paper laid flat
upon the cinders: but carbonic acid gas
will not blaze.

Q. If you BLow the paper, it will BLAZE
tmmediately. Why so ?

A. By blowing, or opening a door
suddenly, the carbonic acid is dissipated,
and the paper fanned iilto flame.

Q.  Why does WATER EXTINGUISH @ FIRE ?

A. 1st—DBecause the water forms a
coating over the fuel, which keeps it from
the air ; and

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

Q. TPy does a LITTLE WATER make a fire.
FIERCER, while @ LABRGER quantity of water puts
it ouT?

A. Water is composed of oxygen and
hydrogen ; when, therefore, the fire can
decompose the water into its simple
elements, it serves for fuel to the flame.

Q. How can WATER serve for FUEL lo fire ?

A. Thehydrogenof the water will burn
with a flame ; and the oxygen of the water
increase the intensity of that flame.
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Q. If a house be on fire, is too LITTLE water
worse than NONE?

A. Certainly. Unless the water be
supplied so plentifully as to quench the
fire it will increase its intensity, like fuel.

Q.  When will water EXTINGUISH FIRE?

A. 'When the supply is so rapid and
abundant, that the fire cannot decompose
it. ' .

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

A. Yes, till it is decomposed ; it then
increases the intensity of fire, and acts
like fuel.

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

A. Because the wick is already hot,
‘and a very little exztra heat will throw it
into flame.

Q.  Why does the EXTRA heat revive the flame ?

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

Q. Cannot woop be made to BLAZE without
actual contact with fire 2

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

A. The heat of the fire drives out
the hydrogen gas of the wood; which is
inflamed by contact with the red-hot
coals.

Q. Why will & XEIGHBOUR'S HOUSE some-

times CATCII ¥IRE, though no flame of the burning
house ever touches it ?

A. The heat of the burning house
sets at liberty the hydrogen gas of the
.neighbouring wood-work, which is ignited
by the flames or red-hot bricks of the
house on fire.

Q. TWhat is cokE?

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

Q. Why do ARNOTT'S STOVES somectimes
SMELL o strongly of sULPHUR?

A. Because coke contains sulphur;
and, whenever the draught is not rapid
enough to drive the sulphur up the flue,
it is emitted into the room.

Q. What is meant by SPONTANEOUS COM-
BUSTION ?

A. Combustion produced without the
. application of flame.
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Q.  Givean example of spontaneous combustion.

A. Coals stowed in the hole of a
vessel, and goods packed in a warehouse,
will often catch fire of themselves,—
especially such goods as cotton, flax,
hemp, rags, &ec.

Q. Why do such Goops sometimes CATCH
FIRE of themselves ?

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

Q. Why does this produce spontancous com-
bustion ?

A. The damp produces decay or the
decomposition of the goods, and the great
heat of the piled-up mass makes the
decaying goods ferment.

Q. How does this FERMENTATION prodice
COMBUSTION ?

A. During fermentation,carbonicacid
gas is given off by the goods,—a slow
combustion ensues,—till at length the
whole pile bursts into flame.

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

A. Because the carbonic acid cannot
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escape through the massive pile; and the
products of decomposition being confined,
hasten further changes.

Q.  Why do naY-STACKS sometimes CATCH FIRE
of themselves ?

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

Q.  TPhy will @ BAY-STACK CATCH FIRE if the
haw be damp ?

A. Damp hay soon decays, and
undergoes a state of fermentation ; during
which, carbonic acid gas is given off, and
the stack catches fire.

Q.  Why does roasted COFFEE sometimes CATCH
FIRE spontancously ?

A. The heat of coffee is greatly
increased by being roasted; and the
carbon of the coffee uniting with the
oxygen of the awr, produces carbonic
acid gas, and bursts into flame.

Q. Why do old maGs, used for CLEANING

LAMPS and CANDLESTICKS, sometimes set @ HOUSE
On FIRE?

A. Because they very readily ferment,
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and (during fermentation) throw off ex-
ceedingly inflammable gases.

(N.B. Luamp-black mixed with linseed oil is more liable
to spontaneous combustion than anything that servants
handle.)

——

CHAPTER 1V.

SMOKE.

Q.  Why does SMOKE ASCEND the chimney ?

A. As the air of the room passes
over the fire, it becomes heated; and
(being thus made lighter) ascends the
chimney, carrying the smoke with it.

Q. What is sMOKE?

A. Small particles of carbon, separa-
ted by combustion from the fuel, but not
consumed.

Q. Why do sMORE and steam CURL, as they
ascend ?

A. They are pushed round and round
Ly the ascending and descending currents
of air.
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Q. What are BLACKS ?

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

Q. Why are there No BLACKS in the smoke of
a RAILWAY enyine 2

A. The smoke of a railway engine
consists chiefly of natery vapour, which
dissolves in air, as sugar does in water;
but the smoke’ of a common chimney
consists of small fragments of unburnt

* fuel.

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

Q. Why does a ‘COPPER HOLE " DRAW up
nore fiercely than an OvEN stove ?

A. Because the air, which supplies
the copper hole, must pass through the
Jurnace ; and as it becomes exceedingly
heated, rushes up the chimney with great
violence.

Q. What produces ths ROARING noise made
by @ COPPER-HOLE fire ?

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

) G
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Q.  Why is the ROAR LESS, if the copper-hole
DOOR be thrown opEN ?

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

Q. Why do some CHIMNEYS SMOKE ?

A. If fresh air is not admitted into a
room, as fast as it is consumed by the fire,
a current of air will rusk down the chimney
to supply the deficiency, and bring the
smoke along with it.

Q. What prevents air being supplied, as fast
as it is consumed by the fire ?

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

Q.  Why is it needful for cold fresh air to be
80 constantly supplied 2

A. If water be taken with a pail out
of a river, other water will rush towards
the hole, as soon as the pail is lifted out ;
and if air be taken from a room (as it
is, when some of it goes up the chimney)
other air will rush towards the void to
fill it up. ‘
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Q.  Why will it come doun the CHIMNEY ?

A. Because (if the doors and windows
are all made air-tight) it can get into the
room in no other way.

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

A. The speediest remedy is to open
the door or window: but by far the best
remedy, is to carry a small tube from the
hearth into the externalair.

Q. Why is that the BEST remedy ?

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

Q. Why is a CHIMNEY raised so high above
the ROOF ? ) .
A. If it were not so, it would smoke ;

as all funnels do, which are too short.

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

A. That part of a chimney through
which the smoke passes, is called the
funnel or flue.

G2
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Q. Why does a CHIMXEY SMOKE, if the
JSunnel be very short ?

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

Q. Why is the DRAUGHT of @ SHORT FLUE
more SLACK than that of a long one ?

A. For many reasons: Ist—The
Jire is always dull and sluggish if the
chimney be too short:

2ndly—The smoke rolls out of the
chimney, before it has acquired its full
velocity : and

3rdly—The wind, rain, and air, have
more influence over a short funnel than
over a long one.

Q.  Whyis the FIrE always DULL and sluggish,

" if the CHIMNEY-FLUE be very suort?

A. Because the draught is so bad:
and as the rarefied air passes up the
chimney very tardily, fresh air flows as
tardily towards the fire, to supply it with
orygen.

Q.  Onwhat does the INTENSITY of fire depend ?

A. The intensity of fire is always in
proportion to the quantity of ozxygen with
which it is supplied.
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Q. Why does not SMOEE acquire its full
VELOCITY i @ SHORT funnel ?

A. Becausethe higher smoke ascends,
(provided the flue be clear and hot)
the faster it goes: if, therefore, a funnel
be very short, the smoke never acquires
its full velocity.

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

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

Q. Why is the DRAUGHT of @ LONG FLUE
GREATER than that of a short one ?

A Because the higher smoke ascends,
the faster it goes; if, therefore, a funnel -
be long, the smoke acquires great velocity,
and the draught is great.

Q. If a cuiMNEY be TOO SHORT, and cannot
be lengthened, what is the best REMEDY to prevent
smoking ?

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

Q. Whywill a SMALLER OPENING against the
+stove PREVENT the SMOKING ?
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A. Because the air (being more
heated by nearer contact with the fire)
will rise through the chimney more
rapidly : and this increase of heat will
compensate for the shortness of the flue.

Q. Why will a RooM SMOKE, if there be TWo
FIRES in it 2

A. Because the fiercer fire will
exhaust the most air; and draw from the
smaller one to supply its demand.

Q.  Why will a chimney smokE, if there be a:
FIRE in TWO ROOMS communicating with each
other ?

A. Because, (whenever the door be-
tween the two rooms is opened), air will
rush from the chimney of the inferior
fire to supply the other ; in consequence
of which, both rooms will be filled with
smoke.

Q.  What is the best REMEDY in this case?

A. Let a tube be carried from the
hearth of each stove into the external
air; and then each fire will be so well
supplied, that neither will need to
borrow from the other. :

Q. Why do VESTRY CHIMKEYS $o often,
SMOKE ?
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A. Because the wind (striking against
the steeple)is reflected back; and,rushing
down the vestry chimney, forces the smoke
into the room.

Q. WHAT WINDS make vestry chimneys
smoke 2

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

Q. Why will the EASTERN winds make

. VESTRIES SMOKE, more than those from the west ?

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

N. B. The steeple of a church is always due west, and the
other end of the church due east; if, therefore, a western
wind were to rebound, it would rebound to the west (or -
away from the church), and not towards it.

Q. Why does a HOUSE in @& VALLEY very
often SMOKE ?

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

Q. What is the common REMEDY in both
_these cases ? :
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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 ?

A. If the wind be strong, it will keep
the opening of the cowl towards the steeple
or hill ; and then the reflected wind will
blow into the conl, and dawn the chimney.

Q. A4s a couwl is such a poor remedy, can

any OTHER be devised ? .
A. If the chimney flue can be carried

higher than the steeple or hills, no wind
can enter the flue.

Q. If achimney flue be carried up HIGHER
than the steeple or hills, why cannot the wind enter it ?

. A. Because the reflected wind would
strike against the sides of the chimney-
flue, and not pass over the opening at all.

Q. In what oTHER cases will & CHIMNEY
SMOKE ? °

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

Q. Why will a CHIMNEY SMOKE, if the DOOR
and STOVE are both on the SAME SIDE?
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A. Because (whenever the door is
opened), a current of air will blow into
the chimney-place, and drive the smoke
into the room.

Q.  What REMEDY can be applied to this evil ?

A. The door must be set opposite
to the chimney, 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 i NEEDS
SWEEPING ?

A. Because the obstruction in the
chimney (presented by the loose soot
to the free passage of the smoke) delays
its current, and prevents the draught.

Q. Why will @ CHIMNEY SMOKE if OUT
OF REPAIR?

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

2ndly—The cold air (oozing through
the chinks) chills the air in the chimney,
and prevents its ascent.

Q. Why will an ARNOTT'S STOVE SMOKE, if
the joints of the flue do not fit air-tight ?
A. Because the cold air (which gets
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through the joints) chills the air in the
flue, and prevents its ascent.

Q.  Why does an old fashioned FARM CcHIM-
NEY-PLACE 80 often smole ?

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

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

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

Q. If the opening of a chimney be 100
LARGE, what REMEVLY can be applied ?

A. The chimney-place must be con-
tracted.

Q.  Why will CONTRACTING the chimney-place
PREVENT it$ SMOKING ?

A. DBecause the air will then pass
niarer the fire ; and (being more heated)
fly faster up the chimney.
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Q. Why do abnost all CHIMNEYS SMOKE
in GUSTY weather ?

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

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

A. 'When the opening of a chimney is
too /arge, a chimney-pot will serve to
increase the dratight.

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

A. As the same quantity of hot air
has to escape through a smaller opening,
it must pass through more quickly.

Q.  Why dotin BLOWERSs help to get a fireup ?

A. Because they compel the air to
go through the fire, and not over it;
in consequence of which, the fire is well
supplied with oxygen, and the draught
greatly increased.

Q. Why does a tin BLOWER INCREASE the
DRAUGHT ?

A. Because the air (by passing
through the fire) is made much hotter,
and ascends the chimney more rapidly.
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Q. Why is a fire better supplied with oxygen
while the tin-blower hangs before it ?

A. Because the tin blower increases
the draught; and the faster the kot air
flies up the chimney, the faster cold air
will rush torwards the fire to supply it with
oxygen.

Q. Why does a parlour often sMELL dis-
agreeably of sOOT in SUMMER-TIME ?

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

Q.  Why arethe CEILINGS of PUBLIC OFFICES
BLACK and filthy ?

A. Because the heated air of the office
buoys up the dust and fine soot; which
(being unable to escape through the
plaster) is deposited on the ceiling.

Q. Why are soME parits of the ceiling
BLACEER and more filthy than others ?

A. As the air cannot penetrate the
thick joists of the ceiling, it passes by
those parts, and deposits its soot and
dust on others more penetrable.

N.B. The site of this deposit of soot and dust is
frequently determined by dranghts and currents of air.
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Q. What is cHARCOAL?

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

Q. Whyis @ CHARCOAL FIRE hotter than a
wood fire ?

A. Because charcoal is very pure
carbon; and as it is the carbon of fuel
which produces the glowing heat of com-
bustion, therefore, the purer the carbon
the more intense will the heat of the fire be.

Q.  Why doces charcoal REMOVE the TAINT of
meat ?

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

Q.  Why is waTER PURIFIED by being filtered
through charcoal 2

A. Charcoal absorbs the impurities
of the water, and removes all disagree-
able tastes and smells, whether they
arise from animal or vegetable matter.

Q. Why are water and wine cASKs CHARRED
inside P

A. Because charring the inside of
the cask reduces it to a kind of char-

H
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coal ; and charcoal (by absorbing animal
and vegetable impurities) keeps the
liquor sweet and good.

Q. Why does a picce of BURNT BREAD

malke impure WATER fit to drink ?
A. Because the surface of the bread

(which is reduced to charcoal by being
burnt) absorbs the émpurities of the
water, and makés it palatable.

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

A. Because the surface of the bread
(reduced to charcoal by being burnt)
prevents the water from being affected
by the impurities of the sick room.

Q.  Why should sick persons eat DRY TOAST,
rather than bread and butter ?

A. Because the charcoal surface of
the dry toast helps to absorb the acids
and impurities of a sick stomach.

Q. Why are TiMBERS, whick 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 it has been
charred. :
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CHAPTER V.

LAMPS AND CANDLES.

Q. Of what are oiL, TALLOW, and WAX
com posed ? .

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

Q. What is cArBON?

A. A solid substance, generally of a
black colour; well known under the

“forms of charcoal, lamp-black, coke, &c.

Q. NMhat is BYDROGEN GAS?

A. The principal ingredient of"
water. It is well known in the form of
common coal gas: it burns so readily
that it used to be called “inflammable
air,”’*

Q.  Why does a CANDLE BURN, when lighted ?

A. The heat of the lighted wick
decomposes the lallow into its elementary

* To make hydrogen gas, see p. 30.
H 2
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parts of carbon and hydrogen; and the
hydrogen of the tallow, combining with
the oxygen of the air, produces flame.

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

A. In the wick. The heat of the
lighted wick first melis the tallow or wax,
which rises (by capillary attraction) up
the wick, and is rapidly decomposed by
the heat of the flame.

Q.  What is capillary attraction ?

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

“Capillary,” from the Latin word * capillaris” (like @ kair),
the tubes referred to are almost as fine and delicate as u hair.

Water ascends through a lump of sugar, or piece of
sponge, by capillary attraction; and sap rises from the root
to the topmost branch of a tall tree by the same influence.
N. B, The smaller a tube, the higher will u liguid be
attracted by it.

Q. Why is the rLAME of a candle HOT ?

A. Because the flame liberates latent

heat from the air and tallow.

Q. How is vaTteENT uear lberated by the
~dame of « caNpLE?

A. When the clements of the tallow
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combine with the ozygen of the air, latent
heat is liberated by the chemical changes.
Q.  Why does the flame of a cANDLE produce
viguT ?
A. Because the chemical changes
made by combustion, excite undulations
of ‘ether, which (striking the eye) produce

light. .
* See p. 48.

Q.  Whyis the FLAME of @ CANDLE YELLOW ?

A. Tt is not so altogether: only the
outer coat of the flame is yellow; the
lower part is violet ; and the inside of the
flame hollow.

Q.  Why is the outside of the flame YELLOW ?

A. Because the carbon of the tallow
(being in a state of perfect combustion) is
made white-hot.

Q. Why is the sorrom part of the flame
PURPLE ?

A. Becauseitis overladen with hydro-
gen (raised from the tallow by the burning
wick) ; and this kalf-burnt gas gives a
purple tinge to the flame.

Q.  Whyis the ins1pF of the flame of a candle
soLLOW ?

H 3
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A. Because it is filled with vapour,
raised from the candle by the keat of the
swick, and not yet reduced to a state of
combustion.

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

A. The flame consists of three cones.
The innermost cone is hollow; the
intermediate cone of a dingy purple hue;
and the outside cone is yellow.

Q. Why is the intermediate cone of a flame
PURPLE, as well as the BorroM of the flame P

A. Because the gases are not in a
state of perfect combustion ; but contain
an excess of hydrogen, which gives it the
purple tinge.

Q. Why is not the MIDDLE cone in a state of
perfect combustion, as well as the ouTER cone ?

A. Because the outer cone prevents
the ozygen of the air from getting to it;
and without the free access of oxygen
gas, there is no such thing as complete
combustion.

Q. Why does the ¥LAME of « candle point
UPWARDS !

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

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

A. Because the upper part of a flame
is more volatile than the lower; and as
it affords less resislange to the air, is
reduced to a mere point.

Q. Why arethe LowER parts of a flame less
VOLATILE than the upper ?

A. Because they are laden with
unconsumed gas and watery vapour;
which present considerable resistance to
the air.

Q.  Whyis the FLAME of a candle BLOWN oUT
by a puff of breath ? .

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

Q. Why does the FLANE of a candle make a
Grass (which is held over it) pame ?

A. Because a “watery vapour” is
made by the combination of the hydrogen
of the tallow with the ozygen of the air,
which is condensed by the cold glass

. held above the flame.
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Q. Why does our hand, held ABovE a candle,
suffer from the heat of the flame so much more, than
when it 23 placed BELoW the flane, or on OFE SIDE
of it?

A. Because the hot gases and air
(in their ascent) come in contact with
the hand placed above the flame: but
when the hand is placed below the
flame, or on one side, it only feels heat
from radiation.

Radiation i. e. emission of rays.

Q Why is & RUSH LIGHT extinguished
more quickly, than a cotton-wicked candle ?

A. For two reasons: lst—Because
the rush is smooth and hard; in
consequence of which, the flame is more

_easily severed from it: and

2ndly—A rush supplies fewer com-
bustible gases, than the porous wick of a
cotton candle.

Q. Why is it more difficult to blow out @
coTToN wick ?

A. 1st—Because the cotton wick is
quite full of small threads or filaments,
which help to hold the flume on the wick,
like the roots.of a tree : and
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2ndly—A cotton wick (being very
porous) supplies the flame with more
combustible gases, than a hard rush.

Q. IIhy is a GAs FLAME move casily extin-
guished when the jet is very slightly turned on, than
ahen it is in full streawm ?

A. Because there are fewer combus-
tible gases in the small ﬂ.ame, than in the
full blaze. .

Q. Why does an EXTINGUISHER put a candle
out ?

A. Because theair in the extinguisher
15 soon exhausted of its oxygen by the
flame : and when there is no oxygen to
support the flame, it goes out.

The extinguisher acts meckanically also, by nipping the
flame out.

Q.  Whydoes not a candle sct fireto a PIECE oF
PAPER twisted into an extinguisher, and used as such ?
A. 1st—Because the flame very soon
exhausts the little oxygen contained in the
paper extinguisher: and
2ndly—The flame invests the inside of
the paper extinguisher with carbonic acid
gas, which prevents it from blazing.
See ulso the note added to the last question.



82 CHEMICAL ACTION.

Q. Why is a LoNG WICK never upright ?

A. Because it is bent by its own
weight.

Q. Why is a LONG WICK covered with an
EFFLORESCENCE at the top ?

A. The knotty or flewery appearance
of the top of a wick arises from an
accumulation of particles partly separated,
but still loosely hanging to the wick.

Q.  Whyis not the END of a long wick BURNT
OFF, as it hangs over the flame ?

A. Because the length of the wick
so diminishes the heat of the flame, that
it is not kot enough to burn it off.

Q.  Why do PALMER’S METALLIC WICKS never
need SNUFFING ?

A. Because the wick is divided into
two parts, each of which bends towards
the outside of the flame, where the end
is intensely heated, and separated from
the wick by the current of air up the
candle.

N.B. The small wire twisted in the wick greatly assists
the process.

Q. Why do common CANDLES require to be
SNUFFED ?
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A. Because the heat of the flame is
not sufficient to consume the wick ; and
the longer the wick grows, the less heat
the flame produces.

Q. Why do wAx CANDLES NEVER nced

SNUFFING ?

A. Because the wick of waz candles
is made of very fine thread, which the
heau of the flame is sufficient to consume :
The wick of tallow candles (on the other
hand) is made of coarse cotton, which is
too substantial to be consumed by the
heat of the flame, and must be cut off by
snuffers.

Q. Why does a PIN, stuck in @ RUSH-LIGHT,
EXTINGUISH it ?

A. Because a pin (being a good
conductor) carries away the heat of the
flame from the wick, and prevents the
combustion of the tallow.

Q.  What is the SMOKE of a CANDLE ?

A. Solid particles of carbon separated
from the wick and tallow, but not
consumed.

Q.  Why are soME particles consumed and not
OTHERS ? .
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A. The combustion of the carbon
depends upon its combining with the oxy-
gen of the air: Now, as the outer
surface of the flame prevents the access
of air to the interior parts, much of the
carbon of those parts passes off in smoke.

Q. Why do LAMPS SMOKE?

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

Q. Whydoes a LAMP SNOKE, when the WiCk s
cut GNEVENLY ?

A. 1st—Because the points of the
jagged edge (being very easily separated
from the wick) load the flame with more
carbon than it can consume : and

2ndly—As the heat of the flame is
greatly diminished by these bits of wick,
it is unable to consume even the usual
quantity of smoke.

Q. Why does a LAMP SMOKE, when the wick
is turned up too HIGH?

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

the flame.

Q.  Why do not “ARGAND BURNERS ™ smoke?
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A. Because a current of air passes
through the middle of the flame ; in con-
sequence of which, the carbon of the
inlerior is consumed, as well as that in
the outer coating of the flame.

Q. Why does a LAMP-GLASS DIMINISH the
SMOKE o/ a lamp ?

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

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

CHAPTER VI

ANIMAL HEAT.

Q.  What is the cause of ANIMAL TEAT?

A. Animal heat is produced by #e
combustion of hydrogen and carbon in
‘the capillary veins. I
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Q. What are cAPILLARY VEINS?

A. Veins as small as hairs running
all over the body ; and so called from the
Latin word “ capillaris” (Tike a hair).

Q. Do these CAPILLARY VEINS run all over the
human body ?

A. Yes. Whenever blood flows from
a wound, some vein must be divided ; and
as you can scareely insert a needle into
any part of the body mithout bringing
blood, these little veins must run through
every part of the human frame.

Q. How do HYDROGEN gas and CARBON gef
tnto these very little veins ?

A. The food we eat is converted into
blood, and blood contains both Zydrogen
and carbon.

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

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

Q.  What BECOMES of this CARBONIC ACID GAS
Sormed in the hwman blood ?

A. Almost all of it is thrown off by
the lungs into the air, by the act of
respiration. '
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Q. What cas is generated in a common FIRE
by comBusTION ?

A. Carbonic acid gas, formed by the
union of the carbon of fuel with the ozygen
of the air.

Q.  What aas is generated by a lighted can-
DLE 07 LAMP ?

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

Q. What s the cause of SPONTANEOUS
COMBUSTION 7

A. The piled-up goods ferment from
heatand damp ; and (during fermentation)
carbonic acid gas is formed, as in the two
former cases.

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

A. Yes, precisely. The carbon of
the blood, combining with the ozygen of
air inhaled, produces carbonic acid gas,
which is attended with combustion.

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

., A. TItactuallydoesso. Everymuscle,

12
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nerve, and organ of the body, actually
wastes away like a burning candle ; and
(being reduced to air and ashes) is
rejected from the system as useless.

Q.  If every bone, muscle, nerve, and o gan, is
thus consumed by combustion, why is not the Bopy
centirely 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 is
supplied with firesh oil ; neither will the
body be consumed, so long as it is
supplied with sufficient food.

Q.  What is the principal DIFFERENCE belween
the combustion of @ FIRE or LaMp, and that of the
HUMAN BODY ?

A. Inthehuman bodythe combustion
is effected at a much lower temperalure,
and much more slowly, than it is in a
lamp or fire.

Q. How can carbon be made to burn at so
.ow a temperature in the hwman body?

ecause the carbon in the blood is
r~3duced to very minute particles; and
these particles are ready to undergo a
rapid change, as soon as oxygen is
supplied to them.



ANIMAL HEAT. 89

Q. When a man is sTARVED, what parts of
the body go first ?

A. First the fat,because it is the most
combustible; then the muscles; last of
the brain ; and then the man dies, like
candle which is burnt out.

Q. Why does waNT of sufficient NOURTSHMENT
often produce MADNESS ?

A. After the fat and muscles of the
body have been consumed by animal
combustion, the brain is next attacked;
and (unless the patient dies) madness
must ensue from starvation.

Q. Why does a man sHRINE, whén STARVED P

A. A starved man shrinks just as a
fire does, unless it be supplied with
sufficient fuel.

Q. What s the FUEL of the BoDY?

A. Foodis the fuel of the body ; and
the carbon of the food mixing with the
ozygen of the air, evolves heat in the
same way that a fire or candle does.

Q.  Why is EVERY part of the BODY WARM ¥
A. Because the capillary veins run
through every part of the human body,

13

’
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and the combustion of blood takes place
in the capillary veins.
See p. 80.
r Q. Why does RUNNING miake us WARM ?

A. Because we inhale air more
rapidly, and cause the blood to pass
more rapidly through the lungs in contact
with it; running, therefore, acts upon
the capillary veins, as a pair of bellows on
a common fire.

Q. How does INHALING AIR RAPIDLY make the
body feel warm ?

A. Asmore ozygen is introduced into
the body, the combustion of the blood
is more rapid,—the blood itself more
heated,—and every part of the body is:
made warmer.

Q.  Why does HARD WORK produce HUNGER ?
A. Becauseit produces quicker respi-
ration ; by which means, a larger amount
of oxygen is introduced into the lungs,
and the capillary combustion increased.
' Hunger is the notice (given by our bod#
.to remind us, that our food-fuel must be
“replenished.
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Q.  Why does SINGING make us HUNGRY ?

A. Singing increasesrespiration; and
as more ozygen is introduced into the
lungs, our food-fuel is more rapidly.
consumed. :

Q. Why does READING ALOUD make us feel
HUNGRY ?

A. Reading aloud increases respira-
tion; and as more ozygen is introducedg
into the lungs, our food-fuel is more!
rapidly consumed.

Q.  Why do we fecl MORE HUNGRY in the DAY-
TIME, than in the N1GHT P

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

' Q. Whydows need WARMER CLOTHING by
NIGHT than by DAY ?

A. 1st—DBecausethenightisgenerally i
colder than the day: and i

2ndly—Our bodies are colder also:;
because we breathe more slomly, and our

nimal combustion is retarded.
« Q.  Why do we PERSPIRE, when very hot ?

A. The pores of the body are like the

safety valves of a steam-engine; when
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the heat of the body is very great, some
of the combustible matter of the blood
is thrown off in perspiration, and the
heat of the body kept more temperate.

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

A. Animal food contains great nou-
rishment, and preduces a desire for active
occupations ; but when the body is not
supplied with strong food, this desire for
muscular action ceases, and the person
grows slothful.

Q. Why have persons, who follow raRD ovT-

OF-DOORS OCCUPATIONS, M07¢ APPETITE {han those
who are engaged in SEDENTARY pursuils ?

A. Hard bodily labour in the openg
air causes much oxygen to be conveyed ,
into the lungs by inspiration ; the com-
bustion of the food is carried on quickly ;
animal heat tncreased; and need for
nutritious food more quickly indicated
by craving hunger.

Q. Why have persons, who follow SEDENTA

PURSUITS less APPETITE, than ploughmen and* e«
masons ?

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

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

Q.  TWhy do we like strong MEAT and GREASY
JSood when the WEATHLR is very coLD ?

A. Strong meat and grease contain
large portions of carbon and hydrogen,
which (when burned in the blood) pro-
duce a larger amount of heat, than any
other kind of food.

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

A. In cold weather the body requires
more fuel 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. TWhy does coLD produce NUNGER ?

A. 1st—Because the air contains
rfore oaygen in cold weather; and,
therefore, fires burn fiercer, and animal
gombustion is more rapid : and
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2ndly—As we are more aclive in cold
weather, our increased respiration acts
like a pair of bellows on the capillary
combustion.

Q. Why does rapid D1GESTION produce a
craring APPETITE ?

A. This is a wise providence to keep
our bodies in health ; In order that the
body itself may not be consumed, it
gives notice (by hunger) that the capillary
Jires need replenishing.

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

A. 1st—Because activity increases

" the warmth of the body, by fanning the
combustion of the blood : and
2ndly—The strong food we eat creates
a desire for muscular exertion.

Q. Why are the Espimaux so passionatcly
Jond of TRAIN OIL and WHALE BLUBBER ?

A. Oil and blubber contain large
quantities of carbon and hydrogen, which
are exceedingly combustible; and as
these people live in climates of intense
cold, the heat of their bodies is increased
by the greasy nature of their food.

’
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Q.  Why do we fecl a DISLIKE {o strong meut
and greasy food in very HoT weather ?

A. Asstrong meatand grease contain
so much carbon and hydrogen, that they
would make us intensely hot, we instinc-
tively refuse them in hot weather.

Q. Why do we like FRUITS and VEGETABLES
most in hot weather ?

A. Because they contuinless hydrogen
and carbor than ineat, and therefore pro-
duce both less blood, and blood of a les
combustible nature.

Q.  Why is the blood of a less COMBUSTIBLE

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

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

Q. How do ¥RUITS and VEGETABLES COOL
the BLOOD ?

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

2ndly—They supply the blood with a
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large amount of mater, which (ezhaling
through the skin) leaves the body cool.

Q. Why do e fecl LAZY and averse to activity
in very IOT WEATHER P

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

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

Q. Why do the inhabitants of TROPICAL
countries live chiefly upon rRicE and FruTT?

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

Q.  Why are very POOR PEOPLE instinctively
AVERSE {0 GLEANLINESS ?

A. lst—Because cleanlinessincreases
hunger ; and as very poor people are
ill-fed, cleanliness would increase their
craving : and

20dly—Dirt is warm, (thus pigs who
love warmth, are fond of dirt); to those,
therefore, who are very ill-clad, the
warmth of dirt is agreeable.
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Q. Why are very POOR PEOPLE instinctively
AVERSE {0 VENTILATION P

A. 1st—Becauseventilationincreases
the oxygen of the air,—the combustion of
food,—and the cravings of appetite: and

2ndly—Ventilation cools the air of our
rooms : to poor people, therefore, who
are ill-clad, the warmth of an ill-ventila-
ted apartment is agreeable.

Q. Why does.FLANNEL, &¢. make us WARM ?

A. Tlannel and warm clothing do
not make us warm, but merely prevent
our body from becoming cold.

Q.  Ilow does FLANNEL, dc. prevent our body
Jrom becoming cold ?

A. Flannel (being a bad conductor)
will neither carry off the heat of the body
into the cold air, nor suffer the cold of
the air to come into contact with our
warm bodies ; and thus it is, that flannel
clothing keeps us warm.

Q.  Whyare FRoGS aid FISHES COLD-BLOODED
animals ?

A. Because they consume but very
little air ; and without a plentiful supply
of air, combustion is so slow, that very
dittle animal heat is evolved. K
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Q. Whyis 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
evolved by combustion.

CHAPTER VII.

P——

MECHANICAL ACTION.

1.—PERCUSSION.

Q. How is heat produced by MECHANICAL
ACTION ?

A. 1.—ByPercussion. 2.—By Fric-
tion. And 3.—By Condensation.

Q.  What 7s meant by PERCUSSION ?

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

Q. Wky does STRIKING IRON make it RED
ror?
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A. Striking the iron condenses the
particles of the metal; and makes the
latent heat become sensible.

Q.  Docs coLp iron contain HEAT ? i

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

Q.  What is meant by LATENT HEAT?

A. Heatnot perceptible to our feeling.
When anything contains heat without
Jeeling the hotter for it, that heat is called

“ lutent.”
See p. 38.

Q.  Does coLp iron contain latent HEAT ?

A. Yes; and when a blacksmith
compresses the particles of the iron by
his hammer, he brings out latent heat,
and this makes the iron red-hot.

Q. How used blacksmniths to LIGHT THEIR
MATCHES, before the general use of lucifers ?

A. They used to place a soft iron
nail upon their anvil; strike it two or
three times with a hammer; and the
point became sugficiently hot to light a
brimstone match.

Q. How can a NawL (hbeaten by a hammer)
' IGNITE a brimstone MATCH ? K 2
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A. 'When the particles of the nail are
compressed by the hammer, they cannot
contain so much heat in a latent state as
they did before; so some of it becomes
sensible, and increases the temperature
of the iron.

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

A. Thebloweompresses thoseparts of
the flint and steel which strike together,
and some of their latent heat (being
disturbed) is developed in a spark.

Q.  How does this development of HEAT pro-
duce a sPARK, and set TINDER on fire ?

A. A very small fragment (either of
the steel or flint) is Anocked off red-hot,
and sets fire to the tinder on which it falls.

Q. Whyis it needful to kecp BLOWING the
TINDER with the breath ?

A. In order 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
FroN, which s blown to the lighted tinder ?

A. From the air itself, which is com-
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posed of two gases (nitrogen and oxygen)
mixed together.

Fvery 5 gallons of common air contain 4 gallons of
nitrogen, and 1 of oxygen.

Q.  What is the USE of OXYGEN 6As to lighted
tinder ?

A. Oxygen gas supports combustion :
blorving lighted tinder garries oxygen to
it and quickens-it, in the same way as a
pair of bellows quickens a dull fire. =

Q. Why do HORSES sometinies STRIKE FIRE
with their YEET?

A. When iron horse-shoes strike
against the flint-stones of the road, very
small fragments (either of the shoe or
stones) are knocked off red-hot, and look
like sparks.

- Q.  Trhat makes these fragments RED-HOT ?
A. The percussion condenses the part

struck ; and some of its latent heat (ren-

dered sensible) produces this red heat.
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CHAPTER VIIL

——

2.—FRICTION.
3.—CONDENSATION.

Q. What is .neant 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
TOGETHER ? '

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

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

A. Because latent heat is developed
from the wood by friction.

i The best woods for this purpose are boz-wood against
iim rlberry, or laurel against poplar or iry.

Q. Do not CARRIAGE WIHEELS Sometimes
CATCH FIRE?
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A. Yes; if the wheels be dry,—or fit
too tightly,—or revolve very rapidly,—
they often catch fire.

Q.  Why do wheels calch fire in such cases ?

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

Q. What is the use B GREASING CART
WHEELS ? :

A. The grease lessens the friction ;
and (by diminishing the friction) the
latent heat is less disturbed.

Q. Why doés RUBBING our HANDS and FACES .
*'‘make them Jecl warM ?

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

2ndly—As the blood is “made to!
circulate more qmcL ly—the quantum of '
heat (left in its passage) is increased -
also.

Q. When a man has beet almost DROWNED,
why is suspended animation RESTORED by RUBBING ?

A. 1st—Because friction exzcites the
latent heat of the half-inanimate body : and
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2ndly—It makes the blood circulate
more quickly, which increases the animal
heat.

Q. T hy do two pieces of 1¢E (rubbed together)
MELT ?

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

Q.  Are not TORESIS sometimes SET on FIRE
by friction ?

Yes; when two branches or
trunks of trecs (blown about by the
wind) rub wviolently against each other,
their latent heat is developed, and sets
fire to the forest.

3.—CONDENSATION or
COMPRESSION.

Q). What is meant by COMPRESSION ?

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

Q. Cannot BEAT be cvolved from common air
merely by COMPRESSION ?
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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.

Q.  Why will the tinder catch fire?

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

Q. When an A1R-UX s discharged in the
dark, why is it accompanied with a slight rrasu?

A. Because the air is very rapidly
condensed, and its latent heat developed
in a flash of light.

N.B. If a glass lens be fixed in the copper ball, where
the air of the gun is condensed, a flash of light may be }
distinetly discerned at the stroke of the piston. !

Q.  Why is the TOP of a MOUNTAIN COLDER
than the VALLEY beneath, although it be two or
three miles nearer the sun ?

A. 1st.—Because the air on a moun-
tain is less compressed, than that in a
valley : and

2ndly—It is less heated by reflection.

* In a common syringe or squirt, the handle pari (which

conlains the sucker, and is forced up and down), is called
“The Piston.” '
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Q. Why is air on a mountain COLDER,
“ because it is less compressed.”

A. As the air on a mountain is not
compressed by so large a volume of air
as that below, less of its latent heat is
disturbed and rendered sensible.

Q  Thy is a wmountain-top corb, * because

the air is not heated by REFLECTION?"

A. Air is not heated by the sun, but
by reflection from the surface of the earth ;
and as there is no earth round a mountain-
top to reflect heat, therefore, the air there
is intensely cold.

CHAPTER IX.

EFFECTS OF HEAT.

—n.

1.—EXPANSION.

Q.  What are the principal EFFECTS of HEAT ?

A. 1.—Expansion. 2.—Liquefac-
{ilon. 3.—Vaporization. 4.—Evapora-
tion ; and 5.—Ignition.
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Q.  Does HEAT EXPAND AIR?

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

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

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

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

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

Q. TWhat occasions the loud CcRACK or
report whicl we hear ?

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

2ndly—The escape of hot air from
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the chestnut makes a report also, in the
same way as gunponder, when it escapes
from a gun.

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

A. As the attraction of the parts is
suddenly overcome, a wviolent jerk is
given to the air; this jerk produces
rapid undulations in <the air, which
(striking upon the ear) give the brain
the sensation of sound.

Q. Why docs the EsCAPE oF AIR from the
chestnut, or the EXPLOSION of GUNPOWDER, produce
a RLPORT ?

A. Because the very sudden expan-
sion of the imprisoned gases, or air,
produces a Eartial vacuum ; the report is
caused by the air rushing to fill up the
vacuum.

Q. If a ClIESTNUT be SLIT, i will NOT CRACK ;
why s this ?

A. Because the heated air of the
chestnut can freely escape through the
slit in the rind.

Q.  Why does ai APPLE spit and sPURT about,
when roasted ?
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A. An apple contains a vast quantity
of air, which (being expanded by the heat
of the fire) bursts through the peel, carrying
the juice of the apple along with it.

Q. Does an APPLE contain MORE AIR, in
proportion, than a CHESTNUT ?

A. Yes, much more. There is as
much condensed air in a common apple,
as would fill a space 48 fimes as large us
the apple itself. :

Q. Where is all this quantity of AIR stowed‘
in the APPLE P

A. The inside of an apple consists of
little cells (like a honey-comb), each of
which contains a portion of the air.

Q. When an APPLE is ROASTED, why is one
part made sort, while all the rest remains hard ?

A. When an apple is roasted, the air
in the cells next the fireis expanded, and
flies out ; the cells are broken, and their
juices mired together ; so the apple
collapses (from loss of air and juice), and
feels soft in those parts.

Q.  Whatismeant by the “ apple COLLAPSING ?”

A. The plumpness gives way, and the
apple becomes Alablby and shrivelled.

L.
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Q.  Why do spaRks of fire start (with a crack-
liny noise) from pieces of woov laid upon ¢ FIRE P

A, Because the air (expanded by
the heat) forces its way through the pores
of the wood; and carries along with it
the covering of the pore, which resisted
its passage.

Q.  Whatismeant by the *“ PoRES of the woop?”

A. Very small holes in the wood,
ghrough which the sap circulates.

Q. What are the sSPARKS OF FIRE, which
burst from the woop ?

A. Very small pieces of wood made
red-hot, and separated from the log by
the force of the air, bursting from its
confinement.

Q.  Why does DEAL make more shapping, than
any OTHER WOOD ?

A. Because the pores of deal are
very large, and contain much more air
than wood of a closer grain.

Q. Why does GREEN WoOD make LESS SNAP-
PING than DRy ?

A. Because the pores are filled with
sap; and, therefore, contain very little air.
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Q. Why does DRY wWuOD make MORE SNAP-
PING than green ?

A. Because the sap is dried up, and
the pores are filled with air instead.

Q. Why does DRY wood BURN wmore easily
than GREEN or wet wood ?

A. Because the pores of dry wood"
are filled with air, which supports com-
bustion ; but the pores®of green or wet
wood are filled with moisture, whlch
extinguishes flame.

-

Q. Why does MOISTURE EXTINGUISH FLAME ?

1st.—Because it prevents the hydrogen
of the fuel from mixing with the oxygen
of the air, to form carbonic acid gas : and

2ndly—Heat is perpetually carried off,
by the formation of the sap or moisture
into steam.

Curbonic acid gas is a compound of carbon and oxygen. :
The carbon comes from the fuel, and the oxzygen from the
air. See p. 33.

Q.  Why do sTONES SNAP and fly about, when
heated in the FIRE?

A. Because when the air therein
is expanded by the heat of the fire, it meels
with great resistance from the close texture

L2
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of the stone ; in consequence of which, it
bursts forth with great violence, tearing
the stone to atoms, and forcing the
fragments into the room.

Q.  When bottled ALE or PORTER is set before
a FIRE, why is the CORK FORCED OUT sometimes ?

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

Q.  Why does ALE or PORTER FROTH more,
after it has been set before the fire ?

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

Q. When a boy makes @ BALLOON, and sets
fire o the cotton or sponge (which has been steeped
in spirits of wine) why is the balloon INFLATED or

blown out ?

A. Because the air inside of it is
expanded by the flame, till the whole
balloon is inflated without a crumple.

Q Why does the BALLOON RISE, after it has
been inflated by the expanded air ?

A. Because the same quantity of air
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is expanded to three or four times ils
original volume; and made so much
lighter than common air, that even when
all the paper, wire, and cotton are added,
it is still highter bulk for bulk.

Q. What is meant by being lighter < bulk for
bulk 27

A. If the balloon be 3 cubic feet in
size, it is lghter, (when inflated) than 3
cubic feet of common air, and therefore
rises through it, as a cork (at the bottom
of a tub of water) would rise to the
surface.

Q. Why does SMOKE RUSH UP @ CHIMNEY ?

A. Because the heat of the fire
expands the air in the chimney ; which
(being thus made lighter than the air
around) rises up the chimney, and carries
the smoke in its current.

Q. Why will a LoNG ckimney SMOKE, unless
the FIRE be pretty FIERCE?

A. Because the heat of the fire will
not be sufficient to rarefy all the air in
the chimney.

Q.  'Waux will the chimney smoke, if the fire ba

not FIERCE enough 16 heat ALL the air in the
CHINMNEY FLUE? g3
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A. Because the cold air (condensed
in the upper part of the flue) will sink
from its own weight; and sweep the
ascending smoke back with it into the
room.

Q. T hatis the use of @ COWL upon a chimney-
pot?

A. The cowl acts as a screen against
the wind, to prevent it from blowing into
the chimney.

Q. What aarM would the WIND do, if it were
to BLOW into @ CHIMNEY?

A. 1st—It would prevent the smoke
from getting out: and

2ndly—The cold air (introduced into
the chimney by the wind) would fall
down the flue, and drive the smoke with
it into the room.

Q. Why does a SMOKE-JACK turn round in
a chinney ?

A. Because the current of hot air
up the chimney (striking against the
oblique vanes of the smoke~jack) drives
them round and round; in the same
way as wind drives round the sails of a
wind-mill.
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Q.  Why are some things soLID, others LIQUID,
and others GASEOTUS?

. 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 liquid.

Q.  Why does heat charye a sovrip (lilke ice)
first into a LIQUID, and then into a Gas ?

A. Because heat drives the compo-'
nent particles further asunder ; hence a
certain quantity of heat changes solid ice
into a liquid, and a further addition of
heat changes the liquid into steam.

Q. Why does WATER SIMMER before it boils ?

A. Because the particles of water
near the bottom of the kettle (being formed
into steam sooner than the rest) shoot
upmwards ; but are condensed again (as
they rise) by the colder water, and
produce what is called “ simmering.”

Q.  What is meant by SIMMERING ?

A. A gentle tremor or undulation on
the surface of the water., When water
simmers, the bubbles collapse beneath the
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surface, and the steam is condensed to
water again : but when water boils, the
bubbles rise to the surface, and steam is
thrown off.

Collapse, i. e. burst.

Q. Why does a KETTLE SING, when the water
simmers 2 )

A. Because the air (entangled in the
water) escapes by fits and starts through
the spout of the ketile ; which makes a
noise like a wind instrument.

Q. Why does Not a kettle siNG, when the
water BOILS ?

A. Because (as all the water is boiling
hot) the steam escapes in a continuous
stream, and not by fits and starts.

Q. When does a kettle sing most ?

A. 'When it is set on the %ob to boil.

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

A. Because (when the kettle is set on
the hob to boil) the heat is applied
very partially,and oneside made hotter than
the other ; in consequence of which, the
steam is more entangled.
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Q.  Why does a RETTLE sing, when the boils'ng_\
water begins to cooL again?

A. Because the upper surface cools
Jfirst ; and the steam which rises from the
lower part of the kettle is again
entangled, and escapes fitfully.

Q.  Why does BOILING WATER SWELL?

A. Because water (like air) expands
by heat : i. 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 ; (in other words) the water swells.

Q.  What is meant when it is said, *“ that HEAT
drives the PARTICLES of water further APART from
each other.”

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

Q. Why does BOILING WATER BUBBLE ?

A. Because the air and vapour
(rising through the water) are entangled, :
and force up bubbles in their effort to .
escape. :
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» Q. Whydoes a KETTLE sometimes DOIL OVER ?

A. Liquids cxpand very much by
heat ; if, therefore, a kettle be filled with
cold water, some of it must run over, as
soon as it is expanded by heat.

Q. But I have seen @ KETITLE BOII. OVER,
although it has not been filled FULL of WATER; how
do you account for Tt ?

A. If afire'be very fierce, the air and
vapour are expelled so rapidly, that the
bubbles arevery numerous ; and (towering
one above another) reach the top of the
kettle, and fall 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
boiling) it is expanded by heat, and
fills the pot even to overflowing; but
when it becomes cool it contracts again,
and occupies a much less space.

Q.  Why does the water of @ KETTLE run out
¢f the srout, when it BoILs ?

A. Because the lid fits so tightly,
that the steam cannot lift it up, and
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escape ; being confined, therefore, in the .
kettle, it presses on the water with great
power, and forces it out of the spout.

Q. Whkat causes the RATTLING NOISE, S0 often
made by the 11D of a saucepar or boiler ?

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

Q.  If the steam coULD NOT LIFT UP THE LID
of the botler, how would it escape ?

A. If the lid fitted so tightly, that
the steam could not raise it up, the
boiler would burst into jfragments, and
the consequences might be fatal.

Q.  When steam pours out from the spout of a
Lettle, the STREAM begins apparently IALF AN INCH
off the spout; why does it not begin CLOSE to the
spout ?

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

Q. Why is not ALL the steam INVISIBLE, as
well as that half-inch 2.
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A. Because when the steam comes
in contact with the colder air, the invisible
particles (being condensed) roll one into
another, and look like a thick mist.

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 dispersed
abroad as invisible vapour.

Q. A4nd what BECOMES of the INVISIBLE
VAPOUR ?

A. Being lighter than air, it ascends
to the upper regions of the atmosphere,
where (being again condensed) it contri-
butes to form clouds.

Q. Why does a METAL sPooN (left in a sauce-
pan) RETARD the process of BOILING ?

Because the metal spoon (being
an excellent conductor) carries off the
heat from the mater; and (as heat is
carried off by the spoon) the water takes
a longer time to boil.

Q. Whywill a ror (filled with water ) NEVER
LOIL, when immersed in ANOTHER wvessel full of
water also ?

A. Because water cannever be heated
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above the boiling point: all the heat
absorbed by water after it boils, is
employed in generating steam.

Q. How does the conversion of water into
sfeam, prevent the INNER POT jfrom BOILING ?

A. Directly the water in the larger
pot is boiling hot (or 212°), steam
is_formed, and carries off some of'its heat ;
therefore, 212 deg* of heat can never
pass through it, to raise the inner vessel
to boiling heat.

Q. Why do SUGAR, SALT, dc. RETARD the
process of BOILING ?

A. Because they increase the density
of water; and whatever increases the
density of a fluid, retards its boiling.

Q.  If you want water to boil, without comING
IN CONTACT with the SAUCEPAN, what plan must
you adopt ?

A. Immerse the pot (containing the
water to be boiled) in a saucepan
containing strong brine, or sugar.

Q. Why would the IsNER vessel boil, if the
OUTER vessel contained str 0Ng BRINE ¢ ?

A. Though water boils at 212 deg*
of heat, yet brine will not boil till raised

M



122 _ EFFECTS OF HEAT.

to 218 or 220 deg Therefore, 212
deg* of heat may easily pass through
brine, to raise the vessel immersed in it to
boiling heat, before any of it is carried off
by steam.

Q. Why will brine impart to another vessel
MORE than 212°, and water NOT 80 MUCH ?

A. Because both liquids will impart
Reat till they bvil; and then they can
impart heat no longer.

Q. Why can they impart mo EXTRA heat,
after they boil ?

A. Because all extra heat is spent in
making steam. Hence water will not boil
a vessel of water immersed in it, because
it cannot impart to it 212 deg* of heat,
but brine will ; because it can impart more
than 212 deg* of heat, before it is itself
converted into steam.

Ether boils at 104 degs- | Syrup boils at 221 degs

Alcohol - - 173% ,, 0Oil of turpentine 804 ,,

Water - - 212 Sulphuric acid - 472 ,,

‘Water, with one- Linseed oil - 640 ,,
fifth salt - 219 .. &e. &e.

Any liquid which boils at a lower degree can be made to
bol, if immersed in a liguid whick boils at a higher degree.
Thus & cup of cther can be made to boil in a saucepan of
waler. A cup of waler in a saucepan of brine or syrup.
But a cup of water will not boil, if immersed in ether; nora.
cup of syrup in water.
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Q. Why are 0LOUDS HIGHER on @ FINE DAY ?

A. Because they are lighter, and
more buoyant.

Q. WiyarecLOUDS LIGHTER 0% @ FINE DAY ?

A. 1st—Because the vapour of the
clouds is less condensed ; an

2ndly—The air itself (on a fine day)
retains much of its vapour in an invisible
form. . *

Q. Why is a cuP put INVERTED into @
FRUIT-PIE ?

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

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

A. No, by no means; it would rather
tend to make it boil over, than otherwise.

Q. ‘Way would the cup tend lo MAKE the
FRUIT BOIL OVEB?

A. Because (when the pie is put into
the oven) the air in the cup will begin to
expand, and drive every particle of juice
from under it; in consequence of which,
the pie-dish will have a cup-full less room

“to hold its fruit in, than if the cup were
taken out. M 2
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Q.  If the juice is driven ouT of the cup; why
is the cup always YULL of JUICE, when the pie is
cut up ?

A. Because immediately the pie is
drawn, the air in the cup begins to con-
dense again, and occupy a smaller space ;
and as the cup is no longer full of air,
Juice rushes in to occupy the void.

Q.  Why does suicE rush into the cup, because
the cup is NOT FULL of A1R?

A. Because (when the external air
presses upon the surface of the juice) it
rushes wunobstructed into the cup; as
mercury rises through the tube of a
barometer through similar pressure.

N.B. Since the juice of the pie runs into the cup, as soon
as it is taken out of the oven; the cup prevents the juice
from being spilt over the crust, when the pie is carried about
from place to place; although it does not prevent the frait
from boiling over.

CHAPTER X.

EXPANSION FROM HEAT.
(Continued.)

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

Q. Why does a cooper heat Lis HoOYS 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

2ndly—As iron contracts by cold, the
hoops will shrink as they cool down, and
girt the tub with a tighter grasp.

Q. Why does a WHEELWRIGHT wmake his
hoops RED-HOT, which he fixzes on the NAVE of a
WHEEL ?

A. 1st—That they may fit on more
eastly : and

2ndly—That they may girt the nave
more tightly.

Q.  Why will the whecluright's nooP ¥IT the
nave MORE EASILY, because made RED-HOT ?

A. Asiron expands by heat, the hoops
will be larger when they are hot; and
(being larger) will go on the nave more
easily.

Q. Why will the moors, which have been rur
ON HOT, GIRT the nave more FIRMLY P

M3
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A. As iron coniracts by cold, the
hoops will skrink when they cool down;
and girt the nave with a tighter grasp.

Q. Why does a sTOvE make a CRACKING
NOISE, when a fire is very hot ?

A. Because (when the iron stove
expands from heat) the parts rud against
each other, and drive the bricks further
off; and this disturbance produces a
cracking noise. '

Q. Why does a sTOVE make a similar CRACK-
TNG NOISE, when a large FIRE i8 TAKEN DOWN P

A. Because (when the fire is removed)
as the iron stove contracts again, the parts
again rub against each other, and the
bricks are again disturbed ; in conse-
quence of which, the cracking noise is
repeated.

Q. Why does the PLASTER round a STOVE
CRACK and fall away ?

A. Because (when the fire is lighted)
as the iron-work expands more than
the brick-work and plaster, it pushes them
anway ; but (when the fire is put out)
the metal shrinks again, and leaves the
“setting” behind.
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Q.  Why does the PLASTER FALL AWAY ?

A. As a chink is left (between
the “setting” and the stove), the plaster
will frequently fall away from its own
weight.

Q. What oruER cause contribules fo BRING
the PLASTER DOWN P

A. As the heat of the fire varies,
the size of the iron stove yaries also; and
this swelling amd contracting keep up
such a constant disturbance about the
plaster, that it cracks and falls off,
leaving the fire-place very unsightly.

Q.  Whydoes the MERCURY gf @ THERMOMETER
RISE in hot weather ? .

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

Q. W hy is a GLASS BROKEN, when HOT WATER
is poured into it ?

A. Because the inside of the glass
is expanded by the hot water, and not
the outside ; so the glass snaps, in con-
sequence of this unequal expansion.
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Q. Why is not the 0UTSIDE of the GLASS
expanded by the hot water, as well as the INSIDE ?

A. Because glass is a non-conductor
of heat, and breaks before the heat of the
inner surface is conducted to the outside.

Q.  TWhy does a cLASS snap, because the INNER
surface is HoTTER than the OUTER ?

A. Because the inner surface being
expanded and not the outer, an opposing
JSorce is created, which breaks the glass.

Q. Why is a cmINA cup broken, if HoT
WATER be poured over it, or into it ?

A. Because it is a mon-conductor ;
and (as the inner surface expands from
the heat, and not the outer), an opposing
Jorce is created, which breaks the cup.

Q.  If a cLASS BEAKER be set on @ warm HOB,
why does the BOTTOM COME OFF?

A. Because glass is a non-conductor ;
and (as the bottom of the glass expands
from the warmth of the hot stove, before
the sides are heated) the two parts separate
from each other.
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CHAPTER XI.

2.—LIQUEFACTION.
3.—VAPORIZATION.

G.  What is meant by LIQUEFACTION ?

A. The state of being melted ; as ice
is melted by the heat of the sun.

Q. Why is 10E MELTED by the HEAT of the
sUN ?

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

See p. 115.

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

A. Because when the heat of the fire
enters the solid metal, it forces its par-
ticles asunder; till their attraction of
cohesion is sufficiently overcome, to .
convert the solid metal into a liguid.
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Q. Why is WATER converted to STEAM by the
heat of FIRE ?

A. Because when the heat of the fire
enters the water, it separates its globules
into very minute bubbles; which (being
lighter than air) fly off from the surface
in the form of steam.

Q. Why docs not woop MELT, like metal ?

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

Q.  What is meant by VAPORIZATION ?

A. The conversion of a solid or liquid
inlo vapour; assnow or water is converted
into vapour by the heat of the sun.

Q. What are croups ?

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

Q. What i3 the difference between a Foc and
@ cLouD ?

A. Clouds and fogs differ only in one
respect. Clouds are elevated above our

- heads : but fogs come in contact with the
surface of the earth.



VAPORIZATION. . 131

Q. Why do cLOUDS FLOAT 80 readily in the
air ?

A. Because clouds are composed of :
very minute globules (called ves ‘cicles); |
which (being lighter than air) float, as;
soap bubbles would do if inflated with '
hydrogen gas.

Q.  Why does VAPOUR sometimes form into

CLOUDS, and somcumes rest upon the earth as MIST
or FoG ?

A. When the surface of the earth is
warmer than the air, the vapour of the
earth (being condensed by the chill air).
becomes mist or fog. But when the air
is warmer than the earth, the vapour rises |
through the air, and becomes cloud.

Q. Are ALL clouds ALIKE ?

A. No. They vary greatlyin density, |
height, and colour.

Q. What is the chief cAUSE of fog and .
CcLoups ? :

A. The changes of the wind.

clMmy local circumstances also favour the formation of ‘
ouds.

Q. How can the CHANGES of the WIND affect !
the cLouDs ?

A. If a cold current of wind blowsg

'
1
!
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suddenly over any region, it condenses the
invisible vapour of the air into cloud or
rain: but if a warm current of wind
blows over any region, it disperses the
clouds, by absorbing their vapour.

Q.  What COUNTRIES are the MOST CLOUDY ?

A, Those where the winds are most
variable, as Britain.

Q. What coUNTRIES are the LEAST cloudy ?

A. Those where the winds are least
variable, as Egypt.

Q. What DISTANCE are the CLOUDS from the

EARTH P
A. Some thin light clouds are elevated

above the highest mountain-top; some
heavy ones touch the steeples, trees, and
even the earth: but the average height
is between one and two miles.

N.B. Streaky curling clouds, like hair, are often 5 or 6
miles high.

Q. WHAT crLoups are the LowksT?

A. Those which are most highly elec-
trified : lightning clouds are rarely more
than about 700 yards above the ground ;
and often actually touch the earth with
one of their edges.
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Q. What is the 81ZE of the cLOUDS?

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

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

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

Q. Why are the cLOUDS S0 VARIABLE in
SHAPE

A. The shape of clouds depends upon
three things: Ist—The cause and
manner of their formation :

2ndly—Their electrical condition: and

3rdly—Their relations to currents of
wind.

Q. How can ELECTRICITY affect the SHAPE of
CLOUDS ?

A. If one cloud be full of electricity
and another not, they will be attracted:
to each other, and either coalesce,— .
diminish in size,—or vanish altogether.

N
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Q. WHAT cLoUDS assume the most FANTASTIC
shapes ?

A. Those that are the most highly
electrified.

Q. What effect have WINDS on the SHAPE of
cLoups ?

A. They sometimes ~absorb them
entirely : sometimes increase their volume
and density ; and sometimes change the
position of their parts.

Q.  How can WINDS ABSORB CLOUDS altogether ?
A. Warm dry winds will convert
the substance of clouds into invisible
vapour, and carry it in their own current.

Q. How can WINDS INCREASE the bulk and
density of cLouDs?

A. Cold currents of wind will con-
dense the invisible vapour of the air, and
add it to the clouds with which they come
in contact.

Q. How can WINDS CHANGE the SHAPE of
cLoUDS, by altering the position of their parts ?

* A. Clouds are so voluble and light,
that every breath of wind changes the
position of their ves'cicles or bubbles.
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Q. What are the general coLoURS of the
CLOUDS ? )
A. White and grey, when the sun is:
above the horigon: but red, orange, and
yellow, at sun-rise and sun-set.
The blue sky eannot be considered as cloud at all.
Q. Why are the LAST cLOUDS of EVENING
gencrally of a RED tinge ?
A. Because red rays (being the least
refrangible of* all) are the last to

disappear.

= Bu

Here it will be seen that the red ray P A, being refracted
to the horizon at A, will be visible to us; but the YELLow
and BLUE rays (P B and P C) will be hidden by the curve
of the earth.

Q.  What is meant by being *“LESS REFRAN-
GIBLE "?

A. Being i@ able to be bent. Blue
and yellow rays being very easily bent
N 2 )
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(by the resistance of the air) are thrown
below the horison ; but red rays not being
so much bent back, fall upon the evening

clouds, and tinge them.
As at A in the figure on p. 135.

Q. Why are MORNING CLOUDS generally of
a RED tlinge ?

A. Because red rays are the least
refrangible of all, and not being bent
(like blue and yellow) below the horizon,

give a tinge to the morning clouds.
See the figure and its explanation on p. 185,

Q.  Why is not the colour of clouds always
ALIKE ?

A. Because their size, densily, and
situalion in regard to the sun, vary per-
petually ; so that sometimes one colour is
reflected, and sometimes another.

Q. Wihat requlates the morion of the cLoUDS ?

A. The motion of the clouds is
generally directed by the winds; but
sometimes eleciricity will influence their
motion also.

Q. How do you know that cLotps move by
GTHER influences, besides wiNp P

A. Because (in calmggeather) we often
see small clouds meeting each other from
opposite directions.
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Q. Ifow do wyou lknow that ELECTRICITY
affects the motion of the clouds ?

A. Because clouds often meet from
opposite directions ; and (after they have
discharged their opposite eleétricities into
each other) vanish altogether.

Q.  Into how many crAssEs are the different
sorts of cLouDs generally divided 2

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

Q. IHow are SIMPLE cLOUDS sub-devided ?

A. Into 1.—Cirrus; 2.—Cum'ulus;
and 3.—Stra'tus clouds.

Q.  What sort of cLoUDS are called cIRRUS P

A. Clouds like fibres, loose hair, or
thin streaks, are called  cirrus clouds.”

Q. Why ave these clouds called cirrus?

A. From the Latin word cirrus (“a
lock of hair, or curl”) : Cirrus clouds are
the most elevated of all.

Q.  What do c1rrUS clouds PORTEND ?

A. When the streamers point up-
wards, the clouds are falling, and rain is
at hand: but when the streamers point
downwards, expect easterly winds or
Jdrought.

N 3
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Q What sort of croups are called cum'-
vLus?

A. Cum'ulus clouds are lumps, like
great sugar-loaves,—volumes of smoke,—
or mountains towering over mountains.

Q. Why ave these monster masses called
cUM'ULUS CLOUDS ?

A. TFrom the Latin word cum'ulus
(““a mass or pile”).

Q. What do cum’uLUs clouds FoRESHOW P

A. When these piles of cloud are
Sleecy, and sail against the wind, they
indicate rain; but when their outline is
very hard, and they come up with the
wind, they foretell fine weather.

Cum’ulus clouds should be smaller towards evening
than they are at noon. If they increase in size at sun-set,
a thunder-storm may be expected in the night.

Q.  What sort of cLoUDS are called sTRA'TUS ?

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

Q. Why are these imists called sTmRA'TUS
clouds ?
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A. TFrom the Latin word stra’tus
(*laid low,” or * that which lies low”).

Q.  What produces c1rrUS cLOUDS ?

A. Moisture in a visible form, de-
posited in the higher regions of the
atmosphere by ascending currents of
heated air.

Q.  What produces cut'uLus cLoups ?

A. Masses of visible vapour in the
act of being carried (by horizontal currents
of air) from the places where they were
formed, to other places where they are
about to be either dissolved, or deposited
as falling rain.

Q. What produces sTra'TUs cLouDs ?

A. ' Beds of visible moisture, formed
by some chilling effects, acting along the
direct surface of the earth.

Q. How are the INTERMEDIATE CLOUDS Sub-

divided ? .
A. Into two sorts. 1.—The Cirro

Cum’ulus; and 2.—The Cirro-Stra'tus.
Q.  What are cirro-cuM'ULUS CLOUDS ?
A. Cirrus clouds springing from a
massy centre; or heavy masses of cloud,



140 EFFECTS OF HEAT.

edged with long streaks, or (what are
called) “mares’ tails.”

A system of small round clouds may be called eirro-
cum’unlus,

Q.  What do cirro-cumM'vLus clouds generally
FOREBODE ?
A. Continued drought, or hot dry

weather.

Q.  What are cIRRO STRA'TUS CLOUDS ?

A. They compose (what is generally
called) a ““mackarel sky.”” This class of
clouds invariably indicates rain and wind ;
hence the proverb—

¢ Mackarels’ scales and mares’ tails
Mauke lofty ships to earry low sails.”
Q. What produces cirro-cuM’uLvs clouds ?
A. Cum'ulus clouds dissolving away
into cirrus produce the intermediate class,
called CIRRO-CUM'ULUS.

Q. What produces cirro-sTRA'TUS clouds ?

A. Cirrus clouds accumulating into
denser masses produce the intermediate
class, called CIRRO-STRA'TUS.

Q. Ilow are comrouND cLoOUDS sub-divided ?
A. Compound clouds are also sub-
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divided into two sorts. 1.—The Cum'ulo-
Stra'tus ; and 2.—The Nimbus clouds.

Q.  What 1is meant by cuM'TLO-STRA'TUS
clouds ?

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

Q. What do the cuM'uLo-sTRA'TUS clouds
FORETELL ?

A. A change of weather ; either from
fine to rain, or from rain to fine.

Q. That are NIMBUS CLOUDS ?

A. Nimbus is the Latin word for
“clouds which bring a storm:” All
clouds from which rain falls are so named.

Q. By what particular character may the
NIMBUS (or rain-cloud ) be at once DISTINGUISHED ?

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

Q. What appEARANCE takes place in the
CLOUDS, at the approach of RAIN ?

A. The cumulus cloud becomes
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stationary, and cirrus streaks settle upon
i¢, forming cum'ulo-stra'tus clouds; which
are black at first, but afterwards of a grey
colour.

Q.  Why do cLoups gather ROUND MOUNTAIN
ToPs ?

A. Because the air (being chilled by
its contact with the cold mountain-tops)
deposits its vapour there, in a visible form
or cloud.

Q. What are the vsEs of cLoups ?

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

2ndly—They temper the heat of the
sun’s rays ; and

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

Radiation of heat, i. e. the escape of heat, when no
conduclor carries it away.

Q.  Why is wixp said to BLOW UP the cLoups ?
A. Because when a dry warm wind
{ravels over seas, it absorbs a large
quantity of moisture; some of which it
deposits in the visible form of clouds, as
soon as it reaches a colder region of air.
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Q. Why does WIND Somelimes DRIVE AWAY
the cLoups ?

A. Because when it travels over dry
climes or thirsty deserts, it becomes so
dry, that it absorbs vapour from the
clouds, and disperses them.

Q. What is the CAUSE ¢of @ RED SUN-S8ET P

A. The vapour of the air not being
actually condensed into elouds, but only
on the point of béing condensed ; in which
state it bends the red rays of the sun
towards the horizon, where they tint the
floating clouds.

Q. Why is @ RED SUN-SET an indication of «
FINE DAY to-morrow ?

A. Because (notwithstanding the cold
of sun-set) the vapours of the earth are
not condensed into clouds. Our Lord
referred to this prognostic in the follow-
ing words: “ When it is evening ye say,
it will be fair weather, for the sky is red.”
(Matt. xvi. 2.)

Q. What is the causc of a coppery YELLOW
SUN-SET ?

A. The vapour of the air being
actually condensed into elouds ; in which
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case, it refracts the yellow rays of the sun
towards the horizon, where they tint
the mists which are floating there.

Refracts i. e. bends.

Q. Wiy do vapours NOT ACTUALLY CON-
DENSED 7efract RED rays, while condensed vapour
refracts yellow ?

A. Because the beams of light meet
with very little resistance ; in consequence
of which, those rays are bent down to the
eye which require the least refraction,
such as red.

See figure on p. 135, where it is evident that the red ray,
P. A. is less bent than the yellow and blue rays, P.B. P.C.

Q. Why do CONDENSED vapours refract
YELLOW 7ays, whereas vapours not actually condensed
refract red.

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
the most refracted, such as yellow.

See figure on p. 135, where it is evident that the yellow
ray, P.B. is more bent then the red ray, P. A.

Q W hy is @ YELLOW BUN-SET an indication
of wetx?

A. Becauseit shows, that the vapours
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of theair are already condensed into clouds ;
rain, therefore, may be shortly expected.

Q. What is the cause of @ RED SUN-RISE ?
A. Vapour in the upper region of the
air just on the point of being condensed.

Q. Why is a RED and LOWERING sky at SUN-
RISE an ndication of @ WET DAY ?

A. Because the higher regions of the
air are laden with vapour, on the very
point of condensation, which the rising
sun cannot disperse. Hence our Lord’s
observation, “In the morning (ye say)
it will be foul weather to-day, for the sky
is red and lowering.” (Matt. xvi. 3.)

Q. Thy is a GREY MORNING an tndication
of & FINE pay?

A. Because only the air contiguous to
the earth is damp and full of vapour.
There are no vapours in the higher
regions of the air, to bend down to the
eye either the yellow or red rays of- any
beam of light.

Q.  What difference (in the state of the airy
s required, to make @ GREY and RED SUN-RISE P

A. In a grey sunrise, only that

(@)
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portion of air contiguous to the earth is
filled with vapour ; all the rest is clear
and dry. But in a red sunrise the air
in the upper regions is so full of vapour
that the rising sun cannot disperse it.

Q. Why is a GREY SUN-SET an indication of
WweT ?

A. Because it shows, that the air on
the surface of the earth is very damp at
sun-set ; which is a plain proof, that the
air is saturated with vapour; in conse-
quence of which, wet may be soon
expected : hence the proverb—

“Evening red and morning grey

Will set the traveller on his way;
But evening grey and morning red
Will bring down rain upon his head.”

Q. The proverb says, “A RAINDOw in the
MORNING is the shepherd's' WARNING :"  Why is 4t
%0?

A. Because a morning rainbow must
be always in the west; and indicates,
that bad weather is on the road to us.

Q. Why must @ MORNING RAINBOW be
rlways in the west ?

A. Because the sun is in the east,

and a rainbow can be formed only when
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the clouds (which contain, or are dropping
rain) are opposite the sun.

Q  Why does a mRaiNpow in the WEST
indicate that BAD WEATHER is on the road to us ?

A. Because our heavy rains are
usually brought by west or south-west
winds; and, therefore, clouds which
reflect the colour of the rainbow in the
west, are coming up ‘with the wind,
bringing rain with them.

Q.  The proverd says, “ A RAINBOW at NIGHT,
ts the shepherd's pELIGHT :”  Why is it so ?

A. Because a rainbow at night is in
the east ; and indicates that bad weather
is leaving us.

Q. Why must @ RAINBOW at NIGHT be always
tn the EAsT ?

A. Because the sun is in the west,
and a rainbow can be formed only when
the clouds (which contain, or are dropping
rain) are opposile the sun.

Q. Why does a RAINBOW in the EAST tndicate
that bad weather is LEAVING us ?

A. Because our rain is generally
brought by west and south-west winds ;
when, therefore, the clouds (which reflect

o2
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the rainbow) have been driven from the
west to the east, it is a plain proof that
they have already passed over us, and
are going away.

Q.  What is meant by an AURORA BOREA'LIS,

or northern light ?
A. A luminous white cloud in the

north of the sky at night-time. Some-
times streaks of blue, purple, and red,—
and sometimes flashes of light, are seen

also.

In our island this phenomenon generally arises from a
dark cloud (running from the north to the east and west)
elevated about 10 or 20 degrees above the horizon: above
this dark bed of clouds the luminous white light uppears.

Q. What is the cause of the AURORA
BOREA'LIS or northern light ?

A. Electricity in the higher regions
of the atmosphere.

Q. Why is the AURORA BOREA'LIS generally
a WHITE light ?

A. Because the electric fluid passes

through air extremely rarefied: and
whenever electric fluid passes through
tir much rarefied, it always produces a
white light.

Q  Why are there sometimes DIFFERENT
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COLOURS in the aurora borea’lis, such as yellow, red,

and purple ? . .
A. Because the electric fluid passes

through air of different densitics. The
most rarefied air produces a white light ;
the most dry air, red; and the most
damp produces yellow streaks.

Q. Does the AURDRA BOREA'LIS forbode fine

weather or weT?
A. When its coruscations are very

bright, it is generally followed by stormy
moist unsettled weather.
Q. Why does a 5AZE round the soN indicate

RAIN ?
A. Because the hage is caused by

very fine rain falling in the upper regions
of 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
ndication of BAIN P

A. Because it is caused by fine rain
Jalling in the upper regions of the air.
The larger the halo the nearer the rain-
clouds, and the sooner may rain ' be
expected.

o3
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Q. Why does a BLACK MIST bring WET
weather ?

A. The mist is black, because it is
overshadowed by dense clouds or masses
of vapour; in consequence of which, it
forebodes wet.

Q. Why doss & WHITE MIST indicate FINE
weather ? R

A. The mist is white, because no
clouds blacken it with their shadow ; and
(as the sky is cloudless) fine weather may
be expected.

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

A. Because the heat of the earth
(being prevented by clouds from escaping
into the upper region of the air) floats,
like a sea of heat, on the surface of the
earth.

Q. Whydo we feel moré SPRIGHTLY in a clear
bright night ?

A. Because the heat of the earth can
readily escape into the upser regions of
ihe air, and is not confined and pent-in
by thick clouds.
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Q. Why do we FEEL DEPRESSED in SPIRITS
on @ WET murky DAY ?

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

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

3rdly—Moist air hds a tendency to
depress the nervous system,

Q.  What is meant by the “ air balancing the
air in our body 2"

A. The human body contains air of a
given density; if, therefore, we ascend into
rarer air, or descend into denser, the bal-
ance is destroyed, and we feel oppressed.

Q. Why do we jecl opprEssED, if the air

around is not of the sSAME DENSITY, as that in our
body ?

A. If the air around be more dense
than our body, it will produce a feeling
of oppression : if it be less dense, the
air in our body will produce a feeling of
distension. '

Q. Why do PERSONS, who ASCEND in BAL-
LOONS, FEEL PAIN in their eyes, ears, and chest ?
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A. Because the air in the upper
regions of the atmosphere, is more rare,
than the air in their bodies; and (till
equilibrium is restored) great pain will be
felt in all the more sensitive parts of
the body.

More especially in the tympanum of the ear.

Q. Whydo PERsONS, who DESCEND i1l DIVING-
BELLS, FEEL PAIN in their eyesy ears, and chest ?

A. Because the air in the diving-bell
is compressed by the upward pressure of
the water ; in consequence of which, great
pain is felt in all 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 P
A. Because the pressure of the water

against the tympanum of their ears
ruptures the membrane, which produces
incurable deafness.

Q. Why does the sEA BEAVE and s1GH, just

J'REVIOUS {0 @ STORM ?
A. Because the density of the air
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(just previous to a storm) is very sud-
denly diminished, but the air in the sea
is not so quickly affected ; therefore, the
sea heaves and sighs while equlibrium is
being restored.

Q.  Why is the AR so universally QuIET, just
PREVIOUS {0 @ TEMPEST P

A. Because the air is suddenly and
very greatly rarefied; and (as the density
of the air is diminished) its power to
transmit sound is diminished also.

Q. How do you RNow, that RAREFIED air
CANNOT TRANSMIT SOUND, so well as dense air ?

A. Because the sound of a bell (in
the receiver of an air-pump) cannot be
heard at all, after the air has been partially
exhausted; and the report of a pistol
(fired on a high mountain) would
scarcely be heard.

Q. Why do we FEEL BRACED and LIGHT-
HNEARTED Ol @ FINE Spring or FROSTY morning ?

A. 1st—Because thereismore ozygen
in the air on a fine frosty morning, than
there is on a wet day: and

2ndly—A brisk and frosty air has a
.tEndency to brace the nervous system.
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Q. Why do poas and cats (confined to a
room) feel LAzY and DROWSY, at the approach of
rain ?

A. 1st—Because the air does not
contain its_full proportion of oxygen : and

2ndly—The damp depresses their nerv-
ous system, and makes them drowsy.

Q.  Why do voRsES neigh, caTTLE low, SHEEP
bleat, and AssEs bray, at the approach of rain 2.

A. 1st—As the air does not contain
its full proportion of ozygen, they feel a
difficulty in breathing : and

2ndly—As damp relares their nerves,
they feel languid and uneasy.

Q. Why do canprEs and FIRES burn with a
BLUER FLAME In WET weather ?

A. Asthe air contains less ozygenr in
wet weather, the heat of fire is less intense :
The flame is blue, because the fuel is not
thoroughly consumed.

Q. Why do miLrs, dfe. appear LARGER in
wEeT weather ?

A. Because (when the air is ladenwith
vapour) therays of lightare moredispersed ;
in consequence of which, they produce on
the eye larger images of objects.

Q. Why do tREEs, dc. in wWET wealther,
appear FURTHER OFF, than they really are?
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A. Because the fog or mist diminishes
the light reflected from the object; and
as the object becomes more dim, it seems

to be further off.

Q. Why does the SUN seem LARGER, when ke
SETS and RISEs, than he docs at noon ?

A. Because the rays pass through
more of the vapoury atmosphere, which
surrounds the earth; amd this vapoury
atmosphere acts Jlike a magnifying glass.
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It is very manifest that the lines D C are shorter than
the lines & C: if, therefore, A be the earth, and D G E the
boundary of the atmosphere round the earth, then the rays
M E C (at the horizor) will pass through more of the
aimosphere, than the rays 8 D C, which are more elevated.
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Q.  Why does the MOON appear LARGER at her
RISING and SETTING, than when above our heads ?

A. Because the rays pass through
more of the vapoury atmosphere, which
surrounds the earth; and this vapoury
atmosphere magnifies the moon, as a
magnifying-glass would do.

Q. Why do cats RUB their EARS, when it i3
likely to rain ? .

A. [Lither because the air is full of
vapour, and its humidity (piercing be-
tween the hair of the cat) produces an
ttching sensalion; or more probably,
because the air is overcharged with
elect_rﬁity.

Q. . How can the ELECTRICITY of air produce
a sensation of ITCHING P

A. 1If the air is overcharged with
electricity, the hair of the cat is over-
charged also; and this makes her feel,
as if she were covered with cobrebs.

Q. Why does the cat keep rRuBBING herself P

A. Because her hair will not lie
smooth, but has a perpetual tendency to
become turgid and ruffled; so the cat
keeps rubbing her coat and ears, to
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smooth the hair down, and brush away
the feeling of cobwebs.

Q. Wiy do our nHEADS and sKIN itch before
rain ?

A. Probably because the air is over-
charged with electricily ; and, therefore,
a sensation (like that of cobwebs) irri-
tates the skin, and produces an itching.

Q. Why do pQORS SWELL, when RAIN is at
hand ?

A. Because the air is filled with
vapour, which (penetrating into the pores
of the wood) forces the parts further
apart, and swells the door. m

Q. Wy do DOORS SHRINK inf DRY Weather ?

A. Because the moisture g bed
from the wood ; and, as the s are ¢
brought closer together, the size of the
door is lessened, or (in other words,) the
wood shrinks.

Q.  Why isthe AR filled with offensive SMELLS,
Just previous to a coming RAIN?

A. Because the volatile parts which
rise from dunghills, sewers, &c. are pre-
vented (by the vapour of the air) from
,rising so readily,. as when the sun is
shining brightly. P
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Q. Why do ¥rowERs smell sWEETER and
STRONGER, just previous to RAIN?

A. Because the volatile parts (which
constitute the perfume of flowers) are
prevented (by the vapour of the air) from
rising; in consequence of which, they are
confined to the lower regions of the
atmosphere.

N.B. Many essential oils and other volatile substances,
which produce odours in plants, require the presence of
much moisture for their perfect development.

Q. Why do 110RsEs and other animals stretch
out their necks, and SNUFF up the AIR, just previous
to a fall of RAIN ?

A. TRgeause they smell the odour of

. plants an® %ay, and delight to snuff in
their fraggance.
'L Q. "W Ry does SMOKE FALL, when RAIN is at
hand ?
A. Because the air (being less dense
in wet weather) cannot buoy up smoke so
. readily, as when more dry and heavy.

Q. Wiy do SWALLOWS FLY LOW, whien RAIN
is at hand ?

A. Because the insects (of which
they are in pursuit) have fled from the
cold upper regions of the air, to the
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warm air near the earth: and as their
Jood is low, the swallows fly low.

Q. Why do these iNsucts seek the lower
regions of the air in wer weather, more thawn in
FINE weather P

A. Beccause the upper regions of the
air arve colder than the lower, in wet
weather; and as insects enjoy warmth,
they seck it near the earth.

Q.  Why does a DOWNWARD current of coLD
AR bring RAIN P

A. Because it condenses the warm
vapour; which (being condensed) descends
in rain.

Q.  The proverb says, “A SINGLE MAGPIE 7t
spring, FOUL WEATHER will bring:” Why is this
the cuse ?

A. DBecause in cold stormy weather,
one magpie alone will leave its warm snug
nest in search of food, while the other
stays with the eggs, or young ones; but
in fine mild weather (when their brood
will not be injured by cold) both the
wmagpies fly out together.

Q Why is it UNLUCKY for ANGLERS lo sec a
SINGLE MAGPLE in »pring ?

P2
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A. Because when magpies fly abroad
singly, the weather is cold and stormy ;
but when both birds fly out together, the
weather is warm and wmild, which is
Javourable for fishing.

Q. Why do sEA cuLLs fly about the sEa in
FINE weather ?

A. Because they live upon the fishes,
which are found ‘near the surface of the
sea in fine weather.

Q. Why may we expect STORMY RAINS, when
SEA GULLS assemble on the land ?

A. Because the fishes (on which they
live) leave the surface of the sea in stormy
weather, and are beyond the reach
of the sea-gulls; in consequence of
which, they are obliged to feed on the
worms and larve, which are driven out of
the ground at such times.

Q. Why docs the PETREL fly to the ska,
during @ storm ?

A. Because the petrel lives upon sea

insecls, which are always to be found in
abundance about the spray of swelling
waves.

N.B. Petrels are birds of the duck-kind, which live
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in the open sea. They run on the top of the sea, and are
called Petrels, or rather Peter-els, from ¢ St. Peter,” in
allusion to his walking on the sea, to go to Jesus.

Q. Why do cANDLES and LAMPS SPIRT,
when RAIN s at hand ?

A. Because the air is filled with
vapour, and the humidity penetrates the
wick ; where (being formed into steam)
it expa.nds suddenly, and produces a
little explosion.

Q. Why does a DrROP Of WATER Ssometimes
oLy along a piece of hot iron without leaving the
least trace ?

A. Because (when the iron is very
hot indeed) the bottom of the drop is
turned into vapour, which buoys the drop
up, without allowing it to touch the iron.

Q. Why does it roLL ?

A. Because the current of air (which
is always passing over the heated surface)
drives it along.

Q. Why does a LAUNDREss put a little
SALIVA on @ FLAT-IRON, to know if it be hot enough ?

A. Because when the saliva sticks to
the box and is evaporated, she knows it
is not sufficiently hot: but when it runs
along the iron, it is.

P 3
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Q. Why is the FLAT-TRON IOTTER, if the
saliva RUNS ALONG it, than if it adheres, till it is
evaporated.

A. Because when the saliva runs
along the iron, the heat is sufficient to
convert the bottom of the drop into vapour ;
but if the saliva nill not roll, the iron is
not sufficiently hot to convert the bottom
of the drop into vapour.

CHAPTER XII.

4.—EVAPORATION.

Q. What is meant by EVAPORATION ?

A. The dissipation of liquid by its
conversion into vapour.

Q.  What EFFECTS are produced by evaporation?

A. The liquid vaporized absorbs heat
from the body whence it issues; and the
body deprived of the liquid by evaporation,
loses heat.

. Q. If you WET your FINGER in your mouth,
and hold it up in the air, why does it FEEL coLD?
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A. Because the saliva quickly evapo-
rates ; and (as it evaporates) absorbs heat
Jrom the finger, and makes it feel cold.

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

A. Ether very rapidly evaporates ;
and (as it evaporates) absorbs heat from
the burning head, producing a sensation
of cold. . *

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

A. Because Ether requires less heat
to convert it into vapour ; in consequence
of which, it evaporates more quickly.

N.B. Ether is converted into vapour with 104 deys- of

heat, but water requires 212 degs. of heat to convert it into
steam.

Q.  Why does ETHER very greatly RELIEVE a
SCALD 07 BURN ?

A. Becauseit ecvaporates veryrapidly ;
and (as it evaporates) carries off the heat
of the burn.

/' Q. Why do we FEEL corD, when we have
WET FEET o7 CLOTHES P

A. Because as the wet of our shoes or

clothes evaporates, it keeps absorbing heat
Jrom the body, which makes it feel cold.
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Q. Why do wer FEET or CLOTHES give us
“coLp P

A. Because the evaporation absorbs
heat so abundantly from the surface of
our body, that its temperature is lowered
below its matural standard; in conse-
quence of which, health is injured.

Q. Whyis it DANGEROUS %0 SLEEP i% @ DAMP
BED ? °

A. Because the heat is continually
absorbed from the surface of our body, to
convert the damp of the sheets into vapour;
in consequence of which, our animal heat
is reduced below the healthy standard.

Q. Why is HEALTH INJURED, when the
TEMPERATURE of the BODY i8 REDUCED below its
natural standard ?

A. Because the balance of the circula-
tion is destroyed: Blood is driven away
from the external surface by the chill,
and thrown upon the internal organs,
which are oppressed by this increased
load of blood.

Q. Why do we not feel the same sensation of
cold, if we throw a MACINTOSH over our WET
CLOTHES?

A. Because the macintosh (being air
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tight) prevents evaporation; and (as the
wet cannot evaporate) no heat is absorbed
from our bodies.

Q. Whydo NoT sAILORS get coLD, who are
Srequently wet all day with SEA-WATER P

A. 1st—Because the salt of the sea
retards evaporation ; and (as the heat of
their body is drawn off gradually) the
sensation of cold is prevented.

2ndly—The salt of the sea acts as a
stimulus, and keeps the blood circulating
in the skin.
* Q. Why does SPRINELING @ HOT ROOM with
water cooL 1T P

A. Because the heat of the room
causesa rapid evaporation of the sprinkled
nater ; and as the water evaporates, it
absorbs heat from the room, and cools it.

Q. Why does WATERING the STREETS and
roads COOL THEM?

A. Because the hot streets and roads
part with their heat, to promote the evap-
oration of the water sprinkled on them.

Q. Why does a SHOWER of RAIN COOL the
AIR n summer-time 2

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

Q.  Why is LINEN DRIED by being exposed to
the winp?

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

Q. Whyis LINEN DRIRD sooner in the open
AIR, than in a confined room ?

A. Because the particles of vapour
are more rapidly removed from the
surface of the linen by evaporation.

Q. Why are WET SUMMERS generally suc-
CEEDED by COLD WINTERS ?

A. Because the great evaporation
(carried on through the wet summer)
reduces the temperature of the earth lower
than usual, and produces cold.

Q.  Why is ENGLAND WARMER than i used to
be, when AGUES were common ?

A. Because it is better drained and
better cullivated.

Q.  Whydoes DRAINING land promote WARMTIIL ?

A. Becauseit diminishes evaporation ;
in consequence of which, less leat is
abstracted from the carth.
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Q. Why does CcULTIVATION increase the
WARNMTII of a country ?

A. 1st—Because hedges and belts of
trees are multiplied :

2ndly—The land is better drained : and

3rdly—The vast forests are cut down.

Q. Wiy do HEDGES and BELTS of TREES
romote WARMTH ?

A. Because they retard evaporation,
by keeping off the wind.

Q. If belts of trees promote waRMTH, why do
FORESTS produce COLD ?

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

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

3rdly—The soil of forests is always
covered mith long damp grass, rotting
leaves, and thick brushwood : and

4thly—In every forest there are always
many hollows full of stagnant water.

Q. WiydoLoNG GRASS and ROTTING LEAVES
romote coLD ?

A. Because they are always damp ;
and the evaporation which they promote,
is constantly absorbing heat from the

«carth beneath.



168 * EFFECTS OF HEAT.

Q. Why are FRANCE and GERMANY WARMER
now, than when the vine would not ripen there ?

A. Chiefly because their vast jforests
have been cut down ; and the soil is better
drained and cultivated.

Q  What becomes of the WATER of PoNDS and
TUBS in summer-time ?

A. Ponds and tubs are often left
dry in summer-time, because their water
is evaporated by the air.

Q. How is this EVAPORATION PRODUCED and
carried on ?

A. T eat of the air changes the
surface o water into vapour, which
(blending with the air) is soon wafled
amway ; andesimilar evaporation is repeat-
edly produced, till the pond or tub is left
quite dry.

Q. Why are the wHEELS of soms machines
kept CONSTANTLY WET with WATER?

A. To carry off (by evaporation) the
heat, which arises from the rapid motion
of the wheels,

Q. Why is MoULD HARDENED by the suN ?

A. Because (when the moisture of
the mould has been evaporated by the
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sun) the earthy particles come into closer
contact, and the mass becomes more
solid.

Q.  Show the wispoum of Gob 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. IVhy is TEA cooled FASTER in a SAUCER,
than in a cup ?

A. Because evaporation is increased
by increasing the surface; and as tea in
a saucer presents a larger surface to the
air, its heat is more rapidly carried off
by evaporation.

(The subject of *convection” will be treated of in a
future chapter; it would scarcely be understood in this
place.)

% Q. Why is not the VAPOUR of the SEA sALT?
A. Because the salt is always left
behind, in the process of evaporation.

. Q. Whatis that waxTE CRUST which appears
(in hot weather ) upon CLOTHES wetted by sea water ?

A. The salt of the water, left on the
clothes by evaporation.

Q
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Q  Why does this WHITE CRUST always DIs-
APPEAR in WET weather ?

A. Because the moisture of the air
dissolves the salt; in consequence of
which, it is no longer visible.

Q. Why should nor persons, who take violent
exercise, WEAR very THICK CLOTHING ?

A. When the heat of the body is
increased by exevcise, perspiration reduces
the heat (by evaporation) fo a healthy
standard : as thick clothing prevents this
evaporation, it is injurious to health.

CHAPTER XIII.

—

COMMUNICATION ofF HEAT.

1.—~CONDUCTION.

Q. How i3 HEAT COMMUNICATED from one
body to another ?

A. 1. By Conduction. 2. By Ab-
sorption. 3. By Reflection. 4. By
Radiation. and 5. By Convection.
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Q. What is meant by cONDUCTION of heat ?
A. Heat communicated from one
body to another by actual contact.

Q. Why does a ®iECE of WooD (blazing at
ONE énd) NOT FEEL HOT at the oTHER P

A. Becausewood isso bad aconductor,
that heat does not traverse freely through
it: hence, though one end of a stick be
blazing, the other end may be quite cold.

Q. Why do soMe THINGS feel coLnER than
others ?

A. Principally because they are
better conductors: in consequence of
which, they draw off heat from our body
much faster.

Q. What are the BEST CONDUCTORS of HEAT ?

A. Dense solid bodies, such as metal
and stone.

Q. Which METALS are the most RAPID CON-
DUCTORS 0f HEAT ?

A. The best conductors of heat are
1. gold, 2. silver, 3. copper:

The next best are 4. platinum, 5.iron,
6.zinc, 7. tin: Lead is a very inferior
conductor to any of the preceding metals.

Q2



172 ' CONDUCTION,

Q. What are the WORST CONDUCTORS of
HEAT P

A. All light and porous bodies ; such
as hair, fur, wool, charcoeal, and so on.

Q.  Why are COOKING VESSELS often furnished
with WOODEN HANDLES ?

A. Because wood is not a good con-
ductor, like metal ; and, therefore, wooden
handles prevent “the heat of the vessel
from rushing into our hands, and burning
them.

Q. Why is the HANDLE of @ METAL TEA POT
made of woop ?

A. Because wood is a bad conductor ;
therefore, the heat of the boiling water is
not so quickly conveyed to our hand by
a wooden handle, as if it were made of
metal.

Q. Why would @ METAL HANDLE BURN the
HAND of the tea-maker ?

A. Because metal is an ezcellent
conductor ; therefore, the heat of the
boiling water rushes so quickly into the
metal handle, that it burns our hand.

Q. .How do you know thit a METAL HANDLE
would be HYTTER than @ WOODEN one 2
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A. If we touch the metal collar into
which the wooden handle is fixed, we
shall find that the wooden handle feels
cold, hut the metal collar intensely hot.

Q. Why do persons use paper or WOOLLEN
EETTLE-HULDERS ?

A. Because paper and woollen are
both very bad conductors of heat; in
consequence of ,which, ‘the heat of the
kettle does not readzly pass through them
to the hand.

Q.  Doces the heat of the boiling kettle NEVER
get through the woollen or paper kettle-holder ?

A. Yes; but though the kettle-holder
became as hot as the kettle itself, it
would never feel so hot.

Q. Why would not the ketile-holder rERL so
hot as the kettle, when it really is of the same
temperature ?

A. Because (being a very bad con-
ductor) it disposes of its heat too slowly
to be perceptible ; but metal (being an
excellent conductor) disposes of its heat
soquickly, that the suddeninflux is painful.

Q. Why then does HOT METAL FEEL MORL

.ml«msely WARM, fhan HOT WOOL ? 3
Q
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A. Because metal gives out a much
grealer quantity of heat in the same space
of time; and the influzr of heat is, con-
sequently, more perceptible.

Q. Why does MONEY in our pocket feel very
HOT, when we stand BEFORE @ FIRE ?

A. Because metal (being an excellent
conductor) becomes rapidly heated: And,
for the same reason, it becomes rapidly
cold, whenever it comes in contact with
a body colder than itself.

Q. Why does a PUMP-BANDLE feel intensely
COLD in WINTER ?

A. Asmetalisan excellent conductor,
when the hot hand touches the cold
pump-handle, the heat passes rapidly
from the hand into the iron; and this
rapid loss of heat produces a sensation
of intense coldness.

Q. Is the iron HANDLE of the pump really
COLDER, than the wooden pump ilself ?

A. No; every inanimate substance
(exposed to the same temperature)
possesses in reality the same degree of
heat.
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Q.  Why then does the IRON HANDLE s¢om $o
MUCH COLDER, than the wWoODEN PUMP ?

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

Q.  Why docs a sToNE or marble REARTH feel
to the feet coLDER, than a cArPET or hearth-rug ?

A. Because stone and marble are
good conductors; but woollen carpets and
hearth-rugs are very bad conductors.

Q. How does the sToNE HEARTH make our
FEET COLD ?

A. As soon as the hearth-stone has
absorbed a portion of heat from our foot,
it instantly disposes of it, and calls for a
Jresh supply ; till the hearth-stone has
become of the same temperature, as the
Joot placed upon it.

Q. Do not also the woollen carRPET and
HEARTH-RUG conduct heat from the human body ?

A. Yes; (but woollen being a very
bad conductor) conveys the heat away
so slowly, that it is scarcely perceptible.

Q  Is the coLD HEARTH-STONE in reality of
the SAME TEMPERATURE a$ the WARM CARPET P
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A. Yes; everything in the room is
really of onre temperature ; but some feel
colder than others, because they are
better conductors.

Q. How voNG will the hearth-stone feel cold
to the fect vesting on it ?

A. Till the feet and the hearth-stone
are both of the same temperature; and
then the sensation of cold in the hearth-
stone will go off. .

Q. TWhy would not the HEARTH-STONE feel
coLD, when it is of the SAME temperature as our
FEET ?

A. Because the heat would no longer
rush out of our feet into the hearth-stone,
in order to produce an equilibrium.

Q. Why does the HEARTH-STONE (when the
Jire is lighted ) feel HOTTER than the HEARTH-RUG !

A. Because the hearth-stone is an
excellent conductor, and parts with its
heat very readily ; but the woollen hearth-
rug (being a bad conductor) parts with
its heat very reluctantly.

Q.  Why does PARTING with HEAT RAPIDLY
male ihe HEARTH-STONE feel WARM P

A. As the heat of the stone rushes



WATER. : 177

quickly into our feet, it raises their tem-
perature so suddenly, that we cannot help
perceiving the increase of heat.

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

A. Because it parts with its heat so
slonly and gradually, that we scarcely
percetve its lranspmission Into our feet.

Q. When we plunge our HANDS into a basin of
WATER, why does it produce a sensation of coLp ?

A.. Because it is a better conductor
than air; and as it draws off the heat
from our hands more rapidly, therefore,
it feels colder.

Q. Why does the cONDUCTING power of water
make it feel COLDER thar AIR?

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

Q. Is water @ GooD CONDUCTOR of heat ?

A. No; no liquid isa good conductor
of heat; but yet water is a much better
conductor than air.



178 ' CONDUCTION.

Q. Why is WATER a4 BETTER CONDUCTOR of
heat than a1R?

A. Because it is less subtile ; and the
conducting power of any substance
depends upon its solidity, or the closeness
of its particles.

Q. How d> you know, that WATER 8 NOT a
GOOD CONDUCTOR of heat ?

A. Because- water may be made to
boil at its surface, without imparting
sufficient heat to melt ice a quarter of an
inch below the boiling surface.

Q. Why are NoT LIQUIDS GOOD CONDUCTORS
of heat ?

A. Because the heat (which should
be transmitted) produces evaporation,
and flies off in the vapour.

Q. Why does a PoKER (resting on the fender )
feel COLDER than the HEARTH-RUG, which is further
off the fire ?

A. Because the poker is an excellent
conductor, and draws heat from the hand
much more rapidly than the woollen
hearth-rug, which is a very bad con-
ductor: though both, therefore, are
equally warm, the poker seems to be the
colder,
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Q. Why are HOT BRICKS (wrapped in cloth)
employed in cold weather to KEEP the FEET WARM ?

A. Bricks are bad conductors of heat,
and cloth or flannel still worse: in
consequence of which, a hot brick
(wrapped in flannel) will retain its heat a
very long time.

Q. Whyisarin PAN (filled with HOT WATER)
employed as a FOOT-WARMER ? *

A. Because polished tin (being a bad
radiator of heat) keeps kot a very long
time ; and warms the feet resting upon it.

Q.  What is meant by being a “ bad RADIATOR
of heat ?”

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

Q. Whyisthe TIN FOOT-WARMER covered with
FLANNEL ?

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

2ndly—Because the flannel (which is a
very bad conductor) helps to keep the
tin hot longer : and
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3rdly—Lest the conducting surface of
the tin should feel painfully hot to them.

Q. What disadvantage would it be, if the
POLISH of the lin were injured ?

A. If the tin foot-warmer were to lose
its polish, it would get cold in a much
shorter time.

Q.  Why would the tin _foot-warmer get coLD
SOONER, if the PULISH wele INJURED P

A. Because polished tin throws off its
heat very slowly; but dull, scratched,
painted, or dirty tin, throws off its heat
very quickly.

Q. Why are FURNACES and stoves (where
much HEAT is required) built of porous BRICK ?

A. Becausebricks arebad conductors,
and prevent the escape of heat ; in conse-
quence of which, they are employed where
great heat is required.

Q. Why are FURNACE DOORS, dc frequently
COVERED with & paste of cLAY and sAND ?

A. Because this paste is a very bad
conductor of heat; and, therefore, pre-
vents 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 ?
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A. A stove in the middle of a room
should be made of iron; because iron
is an excellent conductor, and rapidly
communicates its heat to the air around.

Q. Why does the Bible say, that God * giveth
sNow like wooL ?”

A. Because snow (being a very bad
conductor of heat) protects vegetables
and seeds from the frosf and cold.

Q. How does the mon-conducting power of
SNOW PROTECT VEGETABLES fromn the FRrosT and
cold ?

A. It prevents the heat of the earth
from being dramn off by the cold air,
which rests upon it.

Q. Why are wooLLENS and FURS used for
GLOTHING in COLD weather ?

A. Because they are very bad con-
ductors of heat; and, therefore, prevent
the warmth of the body from being drann
off by the cold air.

Q. Do not woollens and furs actually 1MPART
heat to the body ?

A. Noj; they merely prevent the heat
of the body from escaping.
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Q.  Where would the heat EscAYE to, if the
body were not wrapped in wool or fur ?

A. The heat of the body would fly
off into the air; for the cold air (coming
in contact with our body), would grad-
wally draw away its heat, till it was as
cold as the air itself.

Q.  What then is the PRINCIPAL USE of
CLOTHING in winter-time ?

A. I1st—To prevent- the animal heat
from escaping too freely : and

2ndly—To protect the body from the
external air (or wind), which would carry
away its heat too rapidly.

Q Why are BEASTS COVERED with FUR,
HAIR, OF WOOL?

A. Because fur, hair, and wool, are
very slow conductors of heat; and (as
dumb animals cannot be clad, like human
beings) God has given them « robe of
hair or wool, to keep them warm.

Q. Why are BIRDS covered with Doww or
+EATHERS ?

A. Because down and feathers are
very bad conduciors of heat; and (as
birds cannot be clad, like human beings)
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God has given them a robe of feathers,
lo keep themm warm.

Q. Why are wooL, FUR, HAIR, aitd FEATHERS,
such sLow coNDpucTORs of heat ?

A. Because a great quantity of air
lurks entangled between their fibres ; and
air is a very bad conductor of heat.

Q. If amr be a BaD conNpucTOR Of heal,
why should we not feel as wa’m wrrnour clothing,
as when we are wrapped in wool and fur ?

A. Because the air (which is cooler
than our body) s never at rest; and,
therefore, fresh particles (perpetually
passing over our body) keep drawing
off the heat litile by little.

Q.  How does the ceaseless CHANGE of air tend
to DECREASE the wArMTH of a naked body ?

A. Thus:—the air, (which cases the
body), absorbs as much heat from it as it
can, while it remains in contact; being
then blown away, it makes room for a
fresh coat of air, which absorbs more heat.

Q.  Does the a1r, which encases a naked body,
become (by contact) as wWARM as the Bopy itself ?

A. It would do so, if it remained
motionless ; but as it remains only a very

R 2
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short time, it absorbs as much heat as it
can in the time, and passes on.

Q. Why do we feel COLDER in WINDY
WEATHER, than in a caLm day?

A. Because (in windy weather) the
particles of air pass over us more rapidly ;
and every fresh particle takes from us
some portion of heat.

Q.  Show the wisdom of God in making the
AIR @ BAD CONDUCTOR ?

A. If air were a good conductor (like
ron and stone) the heat would be drawn
so rapidly from our body, that we must
be chilled to death. Similar evils would
be felt also by all the animal and vegeta-
ble world.

Q.  Does not the bad conducting power of air
enable persons to judge, whether an EGa be NEW or
STALE ?

A. Yes; touch the larger end of
the shell with your tongue; if it feels
warm to the tongue, the egg is stale ; if
not, it is new-laid.

Q. Why will the SHELL of @ STALE EGG feel
WARM lo the tongue ?

A. Because the thick end of an egg
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always contains a small quantily of air
(between the shell and the white); when
the egg is stale the white shrinks, and
the air accordingly expands.

Q.  Why does the expansion of air (at the end
of an eqq ) nake it feel WARM to the tongue ?

A. As air is a very bad conductor,
the more air an egg oontains, the less
heat will be dratn from the tongue, when
it touches the shell.

Q.  Why will a NEW-LAID egg feel COLDER to
the tongue at the thick end, than a stale one ?

A. Because it contains more white
and less air; and as the white of an egg
is a better conductor than air, the heat
of the tongue will be drawn ofl more
rapidly, and the egg feel colder.

Q. Why does FANNING the face in summer,
make it coor?

A. Because the fan puls the air in
motion, and makes it pass more rapidly
over the face; and (as the temperature
of the air is always lower, than that of thc
human fuce) each.puff of air carries off’

.some portion of its heat.
R i
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Q.  Docs vaxxiNG malke the AIR itself COOLER ?

A. No; faoning makes the air
hotter and lolter.

Q. How does FaNNING the air increase its
HEAT ?

A. By driving it more rapidly over
the human body, and causing it, conse-
quently, to absorb more of its heat.

Q. If janning makes the AIR IIOTTER, low
can it make @ PERSON feel COOLER ?

A. Fanning makes the air hotter,
but the face cooler ; because it takes the
heat out of the face, and gives it to the air.

Q. Wy is BROTH CcOOLED by BLOWING if ?

A. Because the breath causes a rapid
change of air to pass over the broth; and
(as the air is not so hot as the broth) it
continually absorbs heat from it, and
makes it cooler and cooler.

Q. Would not the air absorb heat from the
broth just as well WITHOUT BLOWING ?

A. Noj; air is a very bad conductor ;
unless, therefore, the change be rapid,
the air nearest the surface of the broth
would soon become as hot as the broth
itself.
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Q.  But would not the hot air PART with its
heat instantly (o the CIRCUMIACENT air ?

A. No; not instantly. Air is so
bad a conductor, that it parts with its heat
very slonly : unless, therefore, the air be
kept in continual motion, it would cool
the broth very slowly indeed.

Q.  Why does wixp generally feel coor?

A. 'Wind is, only ait in motion; and
the more quickly the air passes over our
body, the more rapidly it absorbs” heat
therefrom.

Q.  Why does aTR ABSORE heat more QUICKLY
by beiny set in MoTION ?

A. Because every fresh gust of air
absorbs a fresh portion of heat; and the
more rapid the succession of gusts, the
greater will be the quantity of air
absorbed.

Q. If the AR were HOTTER than our body,«
would the winp feel cooL?

A. No; if the air were hotter than
our body, it would feel insufferably hot.

Q. Why would the AIR feel INTENSELY HOT,
if it were wWARMER than our Bopy ?

A. Because it would add to the heat
of our body, instead of diminishing it.
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Q. Is the AIR EVER as BHoOT as the human

BODY ! .
A. Notin this country : in the hottest

summer’s day, the air is at least 10 or 12
degrees cocler than the human body.

Q.  Is the BARTIT @ good conductor of heat ?

A. No; the earth is a very dad con-
ductor of heat.

Q. Why is the EARTH & BAD conductor of

heat 2,
A. Because its particles are not

conlinuous ; but the power of conducting
heat depends upon the continuity of
matier.

Q. Whyis the earth (RELOW the SURFACE)
WARMER in WINTER, than the suiface itself ?

A. Because the earth is a bad con-

ductor of heat ; and, therefore, (although
“the ground be frozen) the frost never
¥ penetrates more than a few inches below
the surface.
Q. Why is the earth (B:LOW the SURFACE)
COOLER in SUMMER, than the suiface itsclf ?
A. Because the earth is a bad con-
ductor of heat; and, therefore, (although
the surface be scorched with the burning
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sun) the intense heat cannot penetrate to
the roots of the plants and trees.

Q.  Shew the wispoM of Gop in making the
EARTH @ BAD CONDUCTOR?

A. Ifthe heat and cold could penetrate
the earth (as freely as the heat of a fire
penetrates iron), the springs would be
dried up in summer and frozen in winter,
and all vegetation would perish.

Q- Why is WATER from a SPRING aluays
COOL, even il SUMMER ?

A. Because the earth is so bad a
conductor, that the burning rays of the
sun can penetrate only a few inches below
the surface; in consequence of which,
the springs of water are not affected by
the heat of summer.

Q. Why s it cooL under a SEADY tree in a (
hot summer’s day ?

A. 1st—Because the overhanging
foliage screens off the rays of the sun :

2ndly—As the rays of the sun are
warded off, the air (beneath the tree) is
no:;1 heated by the reflection of the earth :
an
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3rdly—The leaves of trees, being non-
conductors, allow no heat to penctrate
them.

Q.  Whydo the LAPLANDERS wear SKINS, wilh
the FUR INWARDS ?

A. Because the dry skin prevents the
wind from penetrating to their body ; and
the air (between the hairs of the fur) soon
becomes heated by the body ; in conse-
quence of which, the Laplander in his
fur is clad in a case of hot air, impervious
to the cold and wind.

Q. Why does a LINEN SHIRT feel COLDER
than a cOTTON ONE?

A. Because lnen is a much better
conductor than cotton; and, thervefore,
(as soon as it touches the body) it draws
away the heat more rapidly, and produces
a greater sensation of cold.

. Why is the FACE COOLED by wiping the
temples with a fine CAMBRIC HANDKERCHIEF ?

A. Because the fine fibres of the
cambric have a strong capillary attraction
Jor moisture, and are excellent conductors
of heat: in consequence of which, the
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moisture and heat are abstracted from the
Jace by the cambric, and a sensation of
coolness is produced.

“Cuapillary attraction,” i.e. the atiraction 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 ?

A. Because the coarse fibres of cotton
have very little capillary attraction, and
are very bad conductors : in consequence
of which, the heat of the face would be
increased (rather than diminished) by the
use of a cotton handkerchief.

e e

CHAPTER XIV.

2.—ABSORPTION OF HEAT.

Q.  What is the dijference between coNDUCTING
heat, and ABSORBING heat ?

A. To conduct heat, is to transmit it
from one body to another through a
conducting medium: To absord heat, is
to suck it up, as a sponge sucks up water.
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Q.  Give me an example.

A. Black cloth absorbs, but does not
conduct heat : thus, if black cloth be laid
in the sun, it will absord the rays very
rapidly ; but if one end of the black cloth
be made hot, it would not conduct the
heat to the other end.

Q. Adre good coNDUCTORS of heat, good
ABSORBERS also ?

A. Noj; every good conductor of heat
is a bad absorber of it; and no good
absorber of heat can be a good conductor
also.

Q.  Is 1mrox a good ABSORBER of heat ?

A. No; iron is a good conductor,
but a very bad absorber of heat.

Q. W hy do the ¥FIRE-IRONS (which lie upon a
FENDER) remain COLD, although they are before a
good fire ?

A. Because they are bad absorbers of
heat; in consequence of which, they
remain cold, unless they come in contact
with the stove or fire.

Q. Why are the FIRE-IRONS intensely HoT,
when they REST AGAINST the STOVE, which contains
a good fire ?
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A. Because they are exzcellent con-
ductors of heat, and draw it rapidly from
the stove with which they are in contact.

Q. Why does a XeTTLE boil faster, when the
bottom and back are COVERED with sooT P

A. The black soot absorbs heat very
quickly from the fire, and the metal
conducts it to the water.

Q. Why will not @ NEW XETTLE boil so fast
as an OLD one?

A. Because the bottom and sides of
a new kettle are clearn and bright ; butin
an old kettle they are covered with soot.

Q. Wky would a KETTLE be SLOWER A-BOIL-
ING, if the BOTTOM and BACK were CLEAN and bright ?

A. Bright metal does not absord heat,
but reflects it ; and (as the heat is thrown
off from the surface of bright wmetal),
therefore, a new kettle is longer boiling.

Reflects heat, i. e. throws it back again.

Q. Wiy do we wear WHITE LINEN and a
BLACK outer DRESS, if we want to be warmn ?

A. The black outer dress quickly
absorbs heat from the sun; and the white
linen (being a bad absorbent) abstracts
no heat from the warm body.

S
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Q. Whydo persons WEAR WHITE dresses in
SUMMER time ?

A. White throws off the heat of the
sun by reflection, and is, therefore, a very
bad absorbent of heat; in consequence
of which, it never becomes so kot from
the scorching sun, as dark colours do.

Q.  Why do wot persons WEAR WHITE dresses

in WINTER fime?
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 coLouns are wARMEST for dresses ?

A. For outside garments black is the
warmest, and then such colours as
approach nearest to black (as dark blue
and green). White is the coldest colour
for external clothing.

Q. Why are pARK covrouURs (for external
wear) so much WARMER than LIGHT ONEs ?

A. Because dark colours absorb heat
from the sun more abundantly than light
ones.

Q.  How can you prove that DARK colours are
WARMER than LIGHT ones ?
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A. If a piece of black cloth and a

iece of mhite were laid upon snow,
in a few hours the black cloth will have
melted the smow beneath ; whereas the
white cloth will have produced little or
no effect upon it at all.

N. B. The 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 eof all).—2. Violet.—3.
Indigo.—4. Blue.—b5. Green.—6. Red.—8. Yellow: and
9. White (coldest of all).

Q.  Why are BLACK KID GLOVES unpleasantly
HOT for summer wear ?

A. 1st—Because the bluck absorbs
the solar heat : and
2ndly—The kid will not allow the heat
of the hand to escape through the glove.
Q.  Why are LISLE TIREAD GLOVES agrecably
COOL for summer wear ?
A. 1st—Because thread absorbs per-
spiration : and
2ndly—It conducts away the heat of
our hot hands.
Q.  Are Lisle thread gloves ABSORBENTS of
heat ?
A. As Lisle thread gloves are
_generally of a grey or lilac colour, they
do not absord solar heat. s 2
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Q. Why is a PLATE-WARMER made of UN-
PAINTED BRIGHT TIN ?

A. Because bright tin reflects the
heat (which issues from the fire in rays)
upon the meat; and, therefore greatly
assists the process of roasting.

Reflects the heat i. e. throws it dack upon the meat.

Q. Why would not the tin REFLECTOR do as
well, if it were PAINTED ?

A. Because it would then absord heat,
and not reflect it at all. A plate-warmer
should never be painted, but should be
kept very clean, bright, and free from all
scratches.

Q.  Why should a REVLECTOR be kept so very
CLEAN, and free from all SCRATCHES ?

A. Because,ifareflector were spotied,
dull, or scratched, it would absorb heat,
instead of reflecting it ; and, consequently,
would be of no use whatsoever as a
reflector.

Q.  Why does HOAR-FROST remain on TOMB-

STONES, long after it has melted from the arass
and GRAVEL-WALES of a church-yard ?

A. Becausetomb-stones(beingwhite),
will not absorb heat, like the darker grass
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and gravel; in consequence of which,
they remain too cold to thaw the frost
congealed upon their surface.

Q.  If black absorbs heat, why hare those who

live in ioT climates BLACK SKINS, and not WHITE
skins, which would not absorb heat at all 2

A. Though the black skin of the
negro absorbs lheat more plentifully
than the whkite skin of a European, yet
the Oblackness prevents the sun from
blistering or scorching it.

Q. How is it knoun, that the BLACK colour
prevents the sun  from either BLISTERING or
SCORCHING the shin ?

A. If you put a white glove on one
hand, and a bluck glove on the other
(when the sun is burning hot), the hand
with the white glove will be scorched, but
not the other.

Q. WuicH hand will FEEL the BOTTER P

A. The hand with the dlack glove
will feel the hotter, but it will not be
scorched by the sun; whereas the hand
with the white glove (though much cooler)
will be severely scorched.

s 3
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Q. Why does the Buack skin of a NEGRo
NEVER SCORCH or BLISTER with the hot sun ?

A. Because the black colour absorbs
the heat,—conveys it below the surface
of the skin,—and converts it to sensible
heat and perspiration.

Q. Why does the wHITE LUROPEAN SKIN
BLISTER and SCORCH, when exposed to the kot sun ?

A. Because the white will not absorb
the heat; and, therefore, the hot sun
reslts on the surface of the skin, and
scorches it.

Q. Why has a NEGRO BLACK EYES?

A. The black colour of a negro’s
eyes defends them from the strong light
of the tropical sun. If a negro’s eyes
were not black, the sun would scorch
them, and every negro would be blind.

Q. Why is warEr (in hot weather) KEPT

COOLER 1 @ BRIGHT TIN POT, than in an EARTHEN
one ?

A. Because bright metal will not
absord heat from the hot air, like an
earthen vessel ; in consequence of which,
the water is kept cooler.

Boiling water is also kept Aot in bright metal better than
in earthern vessels. see p. 208,
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CHAPTER XV.

3.—REFLECTION OF HEAT.

Q.  What is meant by REFLECTING HEAT?

A. Toreflect heat, is 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 ?

A. All bright surfaces, and Ulight
colours.

Q. Are coop ABSORBERS of heal Goop
REFLECTORS also ?

A. No; those things which absord
heat best, reflect heat worst; and those
which reflect heat worst, absorb it best.

Q.  Why are those things which ABSORB HEAT,
unable to REFLECT it ?

A. Because, if any thing sucks in
heat like a sponge, it cannot throw it off
from its surface ; and if any thing throws
off heat from its surface, it cannot drink
it in.,

Q. Why are REFLECTORS always made of
LIGHT-COLOURED and highly POLISHED METAL ?
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A. Because light coloured and kighly
polished metal makes the best of all
reflectors.

Q. Why do not PLATE-WARMERS BLISTER
and scorch the woop behind ?

A. Because the bright tin front
throws the heat of the fire back again,
and will not allow it to penetrate to the
wood behind. -

Q.  If metal be suck an e;'cellent CONDUCTOR
of heat, how can it REFLECT heat, or throw it off'?

A. Polished metal is a conductor of
heat, only when that heat is communicated
by actual contact; but whenever heat
falls upon bright metal in rays, it is
reflected back again, and the metal
remains cool.

Q. What is meant “by heat falling upon
metal IN RAYS,” and not “ by contact” ?

A. Ifa piece of metal were thrust info
a fire, it would be #n actual contact with
the fire; but if it were held before a fire,
the heat of the fire would fall upon it
in reys.

Q  What is the use of the TIN SCREEN or
REFLLCTOR, used in ROASTING
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A. The tin reflector throns the heat
of the fire back upon the meat; and,
therefore, assists the process of roasting,
and helps to keep the kitchen cool.

Q. How does a tin REFLECTOR tend to keep the
KITCHEN COOL ?

A. Because it confines the heal to the
hearth, and prevents it from being
dispersed throughout the kitchen.

Q.  Why are'sHOES HOTTER for being DUSTY ?

A. 1st—Because dust absorbs heat :
and

2ndly—TIt destroys the blackness of our
shoes ; and, therefore, prevents them from
throwing off the heat of our feet in rays.

Q.  Why does it always ¥REEZE on the ToF of
@ MOUNTAIN !

A. 1st—Because the air is very
rarefied ; and rarefied air retains more
heat in the latent form, than denser air
does: and

2ndly—Air is heated by the reflection
of the earth, and not by the solar rays;
therefore, a mountain-top (which is
deprived of this reflection) remains
intensely cold.
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CHAPTER XVI.

———

4.—RADIATION.

Q.  What is meant by RADIATION ?

A. Radiation means the emission of
rays : thus the sun radiates both light
and heat ; that is, it emits rays of lLight
and heat in all directions.

Q. WHEN is heat RADIATED from one body
to another ?

A. When the two bodies are sepa-
rated by a non-conducting medium : thus
the sun radiates heat towards the earth,
because the air (which is a very bad
conductor) comes between.

Q.  On WHAT does RADIATION DEPEND ?

A. On the roughness of the radiating
surface : thus, if metal be scratched, its
radiating power is increased ; because the
heat has more points to escape from.

Q. Does a FIRE RADIATE leat ?

A. Yes; and because burning fuel
emils rays of heat, therefore we feel warm
when we stand before a fire.
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Q.  Why does our FacE FEEL uncomfortably
nor, when we approach a FIRE ?

A. Because the fire radiates heat
upon the face ; which (not being covered)
feels the effect immediately.

Q.  Why does the fire catch the FACE more,
than it does the REsT of the body ?

A. Because the rest of the body is
covered with clothing, svhich (being a
bad conductor of*heat) prevents the same
sudden and rapid transmission of heat to
the skin.

Q. Do those substances which RADIATE heat,
ABSORB heat also ?

A. Yes. Those substances which
radiale most, also absorb most heat : and
those which radiate least, also absord the
least heat.

Q.  Does any thing ELSE radiate heat, BESIDES
the suN and FIRE ?

A. Yes; all things radiate heat in
some measure, but not equally well.

Q.  'WHar things RADIATE léat the NEXT BEST

to the sun and fire ?
A. All dull and .dark substances are

good radiators of heat; but all light and
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polished substances are bad radiators of
heat.

Q. Why should the FLUES (connected with
Arnott’s stoves, dc.) be always BLACKENED with
BLACK LEAD ?

A. In order that the heat of the flue
may be more readily diffused throughout
theroom. Black lead radiates heat more
freely, than any other known substance.

Q. Why does a POLISHED METAL TEA-POT
make BETTER TEA, than a black carthen one

A. As polished metal is a very bad
radiator of heat, it keeps the water hot
much longer ; and the hotter the water is,
the better it “ draws” the tea.

Q.  Whywill not @ DULL BLACK TEA-POT make

good tea ?

A. Because the heat of the water
Slies off so quickly through the dull black
surface of the tea-pot, that the water is
very rapidly cooled, and cannot “ draw”
the tea. )

Q. Do not pensioners, and aged cottagers,
generally prefer the little KLACK EARTHEN TEA-POT
to the bright METAL one ?

A. Yes; because they sel it on the
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hob ““to draw ;” in which case, the little
black tea-pot will make the best tea.

Q. Wiy will @ BLACK TEA-POT make better
tea than a bright metal one, if it be set upon the
HOB 10 DRAW ?

A. Because the black tea-pot will
absord heat plentifully from the fire, and
keep the water hot: whereas, a bright
metal tea-pot (set upor the hob) would
throw off the heat by reflection.

Q.  Then sometimes a BLACK EARTHEN fea-pot
is the best, and sometimes a bright METAL one.

A. Yes; when the tea-pot is set on
the hob ““ to draw,” the black earth is the
best, because it absorbs heat: but when
the tea-pot is not set on the hob, the
bright metal is the best, because it
radiates heat very slowly, and therefore
keeps the water hot.

Q. Why does a sAUCEPAN, which has been
USED, boil in a shorter time than & NEW ONE ?

A. Because the bottom and back are
covered with soot; and the black soot
rapidly absorbs the heat of the glowing
coals.
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Q. Why should the ¥roNT and LID of a
SAUCEPAN be clean and BRIGHT ?

A. As they do not come in contact
with the fire, they cannot absorb heat;
and (being bright) they will not suffer
the heat to escape by radiation.

Q.  In what state should a SAUCEPAN Dbe, in
order that it may BOIL QUICKLY ?

A. All those parts which come in
contact with the fire should be covered
with soot, to absorb heat ; but all the rest
of the saucepan should be as bright as
possible, to prevent the escape of heat by
radiation.

Q.  Why is it said, that ‘ SATURDAY'S KETTLE
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 Nor the BorToM and BACK
of a kettle be cLEANED and polished ?

A. Because they come in contact
wiih the fire, and (while they are covered
with black soot) absorb heat freely from
the burning coals.
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Q. Why should the FrONT and TOP of a
kettle be cLEAN and well polished ?

A. Because polished metal will not
radiate heat; and, therefore, (while the
front and top of the kettle are well
polished) the heat is kept in, and not
suffered to escape by radiation.

Q. Why is the BoTTOM of @ KETTLE nearly
coLD, when the WATER i3 BOILING HOT?

A. Black soot is a very bad conduc-
tor of heat; and, therefore, the heat of
the boiling water is some time before
it gets through the soot, which adheres
to the bottom of the kettle.

Q. Why is the LID of a KETTLE tniensely
HoT, when the water boils ?

A. Because the bright metal lid of
the kettle is an admirable conductor of
heat; and, therefore, the heat from the
boiling water pours into our hand the
moment we touch it.

Q.  Show the benefit of SMOKE in COOKING.

A. The carbon of the fuel (which
flies off in smoke) naturally blackens all
culinary vessels set upon the fire to boil,
and thus renders them fit for use.

*“Culinary vessels” are vessels used in kitchens for
cooking, as saucepans, boilers, kettles, &c.
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Q. How does sMOKE malke culinary vessels
FIT for USE?

A. If it were not for the smoke
(which gathers round a kettle or sauce-
pan) heat would not be absorbed, and
the process of boiling would be greatly
retarded.

Q. Why is boiling water XKEPT HOT in a
BRIGHT METAL pot, better than in an earthen vessel ?

A. Because bright metal (being a
bad radiator) will not throw off from its
surface the heat of the boiling water.

Q.  Would ametal pot serve to keep water hot,
if it were DULL and DIRTY ?

A. No. Itis the bright polisk of the
metal, which makes it a bad radiator; if
it were dull, scratched, or dirty, the heat
would escape very rapidly.

Water in hot weather is also kept cooler in bright metal,
than in dull or earthen vessels. see p. 198.

Q.  Why are DINNER-COVERS made of BRIGHT
TIN or SILVER !

A. Becauselight-coloured and highly-
polished metal is a very bad radiator
of heat; and, therefore, bright tin or
silver will not allow the heat of the
cooked food to escape through the cover
by radiation.
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Q. Why should a MEAT-COVER be very
brightly POLISHED ?

A. If the cover be dull or scratched
it will absord heat from the hot food
beneath it; and (instead of keeping it
hot) will make it cold.

Q. Why should a SILVER MEAT-COVER be
PLAIN, and not CHASED ?

A. Because, if the cover be chased, it
will absorb the, heat of the food; and
instead of keeping it hot, will make it cold.

Q. What is DEW?

A. Dew is the wvapour of the air
condensed, by coming- in contact with
bodies colder than itself.

Q. Why is the GROUND sometimes COVERED
with pEW ?

A. Because the surface of the earth
(at sun-set) is made so very cold by
radiation, that the warm vapour of the air
is chilled by contact with it, and condensed
into dew.

Q. Why is the EARTH made colder than the
AIR, after the sun has set ?

A. Because the earth radialtes heat
very freely, but the air does not; in

T3
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consequence of which, it is often 5 or 10
degrees colder (after sun-set) ; although
it was very much warmer than the air,
during the whole day.

Q. Why is the EARTH WARMER than the AIR,
during the duy ?

A. Because the earth absorbs solar
heat very freely, but the air does not; in
consequence of which, it is often many
degrees warmer than the air, during
the day.

Q. Why ts the surface of the GROUND

CULDER n a FINE clear NIGHT, than in a cLouDnY
one ? .
A. Because, on a fine clear star-light
night, heat radiates from the earth freely,
and is lost in open space: but on a dull
night, the clouds arrest the process of
radiation.

Q. Why is DEW deposited only on a FINE
clear 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) chills the vapour of the air into dew.

Q. Why is there No DEW on a dull cLoUDY
NIGHT ? ,
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A. Because the clouds arrest the
radiulion of heat from the earth ; and (as
the heat cannot freely escape) the surface
is not sufficiently cooled down, to chill the
vapour of the air inio dew.

Q. Whyis a CLOUDY NIGIT WARMER than
@ FINE one ?

A. Because the clouds prevent the
radiation of heat from the earth; in
consequence of which, the surface of the
earth remains warmer.

Q.  Why is DEW most ABUNDANT in situations
Most EXPOSED

A. Because the radiation of heat is
not arrested by houses, trees, hedges, or
any other thing.

Q.  Why is there scarcely any DEW under @
shady TREE?

A. 1st—Because the shady head of
the tree arrests the radiation of heat from
the earth : and

2ndly—It radiates some of its own
heat towards the carth ; in consequence
of which, the ground (underneath a tree)
is not sufficiently cooled down to chill the
vapour of the air into dew.
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Q.  Why is there nerer much vEw at the foot
of WALLS and HEDGES ?

A. 1st—Because they act as screens,
to arrest the radiation of heat from the
earth : and

2ndly—They themselves radiate some
portion of heat towards the earth; in
consequence of which, the ground at the
foot of walls and hedges is not sufficiently
cooled down, to ‘chill the vapour of the
air into dew.

Q.  Why is there little or No DEW bencath a
FLOWER-AWNING, although that awning be open on
all four sides ?

A. 1st—Because the awning arresis
the radiation of heat from the ground
beneath : and

2ndly—It sadiates some of its own
heat downwards; in consequence of
which, the ground beneath an awning is
nol sufficiently cooled domwn, to chill the
vapour of air into dew.

Q.  How can a thin covering of BASS or even
MUSLIR protect trees from FROST !

A. Because any covering prevents
the radiation of heat from the tree; and
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if the tree be not cooled down by radiation,
the vapour of the air will not be frozen,
as it comes in contact with it.

Bass pronounce bas—a kind of matting used by gardeners.

Q. Why is the Bass or canvass itself (which
covers the tree) always DRENCHED with DEW ?

A. Because it radiates heat both up-
wards and downwards ; in consequence
of which, it is so cooldd down, that it
readily chills the vapour of the air
into dew.

Q. Why does sxow (at the foot of @« HEDGE
or WALL) melt sooner, than that in an open field ?

A. Because the hedge orwall radiates
heat into the snow beneath, which melts it.

Q. TWhy is there No DEW after a WINDY
NIGHT ?

A. 1st—Because the wind evaporates
the moisture, as fast as it is deposited :
and

2ndly—It disturbs the radiation of
heat ; and thus diminishes the deposition
of dew.

Q. TWhy are VALLEYS und HOLLOWS often
thickly covered with DEW, although they are
sheltered ?
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A. Because the surrounding hills
prevent the repose of air from being
disturbed ; but do not overhang and
screen the valleys sufficiently to arrest
their radiation.

Q. Why docs DEW FALL more ABUNDANTLY

0 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 FREELY, always the most THICKLY COVERED

with pEW P
A. Because the vapour of the air is

chilled into dew, the moment it comes in
contact with them.
Q.  'Wuar kind of things RADIATE IIEAT 1108t

FREELY ?
A. Grass, wood, and the leaves of

plants, radiate heat very freely: but
olished metal, smooth stones, and
woollen cloth, part with their heat very
ta-dily.
Q. Do the leaves of ALL plants radiate heat
EQJALLY WELL?

A. No. Rough woolly leaves (like
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those of a holly-hock) radiate heat much
more freely, than the hard smooth polished
leaves of a common laurel,

Q.  Shew the wispou of Gob in making grass,

the leaves of trees, and ALL VEGETABLES, EXCEL-
LENT RADIATORS of heat ?

A. As vegetables require much mois-
ture, and would often perish without a
plentiful deposit of dew, God wisely made
them to radiate neat freely, so as to chill
the vapour (which touches them) into
dew.

Q. W ill polished METAL, smmooth STONES, and
woollen cLOTH, readily colleet DEW P

A. No. While grass and the leaves
of plants are completely drenched with
dew, a piece of polished metal, or of
woollen cloth (lying on the same spot),
will be almost dry.

Q. Why would POLISHED METAL and WOOL-
LEN CLOTH be DRY, while grass and lecaves are
drenched with DEW ?

A. Because the polished metal and
woollen cloth part with their heat so
slowly, that the vapour of the air is not
chilled into dew, as it passes over them.
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Q. Why is a GRAVEL WALK almost DRY, when
a grass plat 8 covered thick with DEW ?

A. Because grass (being a good
radiator) throws off its heat very freely ;
but gravel (being a very bad radiator)
parts with its heat very slowly.

Q.  Isthat the reason why GRASS (s SATURATED
with DEW, and the GRAVEL is NOT ?

A. Yes. When the vapour of
warm air comes in contact with the cold
grass, it is instantly chilled into dew; but
(as the gravel is not so cold as the grass)
the vapour of air is not so fireely condensed,
as it passes over the gravel.

Q. Why does vew rarely fall upon hard
ROCKS and BARREN lands ?

A. Because rocks and barren lands
are s0 compact and hard, that they can
neither absorb nor radiate much heat ;
and (as their temperature varies but very
little) very little dew distils upon them.

Q. Why does DEW fall more abundantly on
CULTIVATED 80ils, than on BARBREN lands ?

A. Because cultivated soils (being
loose and porous) absorb heat freely
during the gay, and radiate it by night;
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A. Because it supplies itwith moisture
containing carbonicacid ; which penetrates
slowly into the soil, and insinuates itself
through every clod, ridge, and furrow.

Q. Why is there No SNOW in STMMER time ?

A. No snow reaches the general
surface of the earth in summer time,
because the heat of the earth melts it in
its descent. .

Q. Why are some MOUNTAINS ALWAYS COV-
ERED with sNow ?

A. 1st—Because the air is more
rarefied ; and rarefied air abstracts heat,
which it holds in a latent state: and

2ndly—As the mountain top is not
surrounded by earth, to radiate heat into
the air; therefore, the snow is not melted
in its descent, but falls on the mountain,
and lies there.

Q  Why is SNOW WHITE ?

A. Snow is formed of an infinite
number of very minute crystals and prisms,
which reflect all the colours of the rays
of light ; and these colours uniting before
they meet the eye, cause snow to appear

white.
Ha2
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Q. What is naIL?

A. Rain, which has passed in its
descent through some cold bed of air, and
has been frozen into drops of ice.

Q. Why is oNE bed of air coLDER than
another ?

A. This is frequently caused by elec-
tricity unequally distributed in the air.

Q.  Whyis HAIL Sfrequently accompanied with
THUNDER and LIGIITNING ?

A. 1st—Because the congelation of
water into hail disturbs the electricity of
the air: and

2ndly—The friction (produced by the
fall of hail) excites it still more.

Q.  Why does HAIL fall generally in SUMMER
and AUTUMN ?

A. 1st—Because the air is more
highly electrified in summer and autumn :
and

2ndly—The vapours (being rarefied)
ascend to more elevated regions, where
the cold is greater than it is nearer the
earth.

Q.  What Two things are essential to cause
HAIL?
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A. Two strata of clouds having
opposile electricities, and two currents of
wind. The lower cloud (being negative)
is the one precipitated.

Q. What is rain?

A. The vapour of the clouds or air
condensed, and precipitated to the earth.

Q. Wny is the vupowr® of the air or clouds
PRECIPITATED 7 °*

A. When the air is saturated with
vapour, if a cold current condenses it, it
is no longer able to hold all its vapour in
solution, and some of it falls as rain.

Q.  Why does RAIX jall in DROPS ? -

A. The vapoury particles in their
descent allract each other; and those
which are sufliciently near, unrile and
form into a drop.

Q.  Why does not the coLD of NIGIIT ALWAYS
cause rain ?

A. Because when the air is not near
saturation, it will be able to hold its
vapour in solution, even after it is con-
densed by the chilly night.

Q. Why does a passIiNg cLoUD often drop
RAIN ?

Had3
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A. Because the cloul (travelling
about on the wind) comes into contact
with something that chills it; aud its
vapour being condensed, falls to the earth
as rain.

Q. Why are RAIN-DROPS sometimes much
LARGER, than at oTHER times ?

A. When the rain-cloud is floating
near the earth, the drops are large, because
such a cloud is much more dense, than one
which is more elevated.

The size of the rain drop is increased, according to the
rapidity with which the vapours are condensed.

Q. Does not WiNDp snmetimes INCREASE the
s1zE of rain-drops ?

A. Yes; by blowing two or more
drops into one.

Q. Whydo cLOUDS FALL in RAINY weather ?

A. 1st—Because theclouds are keavy
with abundant vapour: and

2ndly—As the density of the air is
diminished, it is less able to buoy the
clcads up.

Q How do you x~ow, that the pENsITY of
the air is DIMINISHED in RAINY weather ?

A. Because the mercury of a barom-

eter_falls in rainy weather.
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Q. Why is RAIN-water more FERTILIZING,
than puMP-water ?

A. Because it contains more carbonic
acid, and also a small quantity of «mmo-
nia, with which it supplies the young
plants.

It is probable that the ammonia of rain-water is merely
that which escapes from decaying vegetable natters, beaten
back by the force of the shower. ,

Q.  Why does aIN PURIFY the AIR?

A. 1st—Because it beats donn the
noxious ezhalations collected in the air,
and dissolves them :

2ndly—It mixes the air of the upper
regions with that of the lower regions :
and

3rdly—It washes the earth, and sets in
motion the stagnant contents of sewers
and ditches.

Q. Why are MOUNTAINOUS countries niore
RAINY, than flat ones ?

A. Because the air (striking against
the sides of the mountains)is carried up the
inclined plane, and brought in contact
with the cold air of the higher regions;
in consequence of which, its vapour is
condensed, and deposited in rain.
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Q. Why does « 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 is greatly increased.

Q. Why do PIDDLE-strings SNAP in WEY
weather ? ‘

A. Because the moisture of the air
(penetrating the string) causes it to swell ;
and (as the cord thickens) its tension 1is
increased, and the string snaps.

Q. Why does PAPER TPUCKER, when 4 is
WETTED ?

A. Because themoisture (penetrating
the paper) drives its particles further
aparl ; and (as the moisture is absorbed
unequally by the paper) some parts are
more enlarged than others; in conse-
quence of which, the paper blisters or
puckers.

Q.  Whydotheweather-toys (‘called cAP'UCHINS)
Lift the cowl over the figures in wet weather, and
remove it in dry ?

A. The cowl of the cap'uchin is
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attached to a piece of cat-gut in such
a manner, that when the cat-gut is
shortened by moisture, it pulls the cowl
up,; but in dry weather, the siring is
loosened, and the cowl falls down by its
own weight.

Q.  In another weather-toy, the MAN comes out

th WET weather, and the LapY in FINE :—Why is
this ? *

A. The two'figures are attached to a
piece of cat-gut in such a manner, that
when the cat-gut is shortened by moisture,
it pulls the man out ; but when it is loose,
the woman falls out by her own weight.

Q. Why are WET STOCKINGS DIFFICULT to
PULL ON 7

A. The moisture penetrates the
threads of the stockings, and causes
them to shrink in sige.

Q.  What is the MOST RAINY 8pot in ENGLAND ?

A. Keswick (in- Cumberland); and
then Kendal, (a market town in West-
moreland).

In Keswick, about 63 inches of rain fall in a year. In
Kendal, 58; Manchester, 38; Liverpool, 34: Dublin and
Cambridge, 25; Lincoln, 24; London, 21; and in Paris,
only 18.
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Q.  In which PART of the DAY does the mMosT
RAIN fall?

A. More rain falls by night, than by
day; because the cold night condenses
the air, and diminishes its capacity for
holding vapour in solution.

Q. Does more rain fall in sUMMER or in
WINTER tinme P

A. There aré more rainy days from
September to March ; but keavier rains
between March and September.

Q. Why are there MORE RAINY DAYS jfrom
September to March, than from March to September ?

A. Because the temperature of the
air is constantly decreasing, and its
capacity for vapour decreases also; in
consequence of which, it is perpetually
obliged to part with some of its vapour
in rain.

Q. In what PART of the WORLD does RAIN
fall MOST ABUNBANTLY ?

A. Near the equator ; and the quan-
tity of rain decreases, as we approach the
poles.

Q  Why does MORE RAIN fall at the EQUATOR,
than at the PoLES?
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being, therefore, much cooled by this rapid
radiation of heat, they plentifully condense
into dew the vapour of the passing air.

Q.  Shew the wispoM of Gob in this arrange-
ment.

A. Every plant and inch of land,
which needs the moisture of dew, is
adapted to collect it; but not a single
drop even of dew is masted, where its
refreshing moisture is not required.

Q. Shew the wispoM of Gob in making

polished METAL and woollen cLOTH  BAD
RADIATORS of heat.

A. If polished metal collected dew as
easily as grass, it could never be kept dry,
and free from rust. Again, if woollen
garments collected dew as readily as the
leaves of trees, we should be often soaking
wet, and subject to constant colds.

Q.  Shew how this affords a beautiful illustra-

tion of GIDEON'S MIRACLE, recorded in the book of
Judges, vi. 37, 38.

A. The fleece of wool (which is a
very bad radiator of heat) was soaking
wet with dew ; when the grass (which is
a most cxcellent radiator) was quite dry.

U
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Q. Was not this conTRARY o the lauws of
NATURE ? .

A. Yes; and was, therefore, a plain
demonstration of the power of God, who
could change the very nature of things
at his will.

Q.  Why do our CLOTHES FEEL DAMP, after
walking in a fine evening tn SPRING 0r AUTUMN P

A. Because the vapour (condensed
by the cold earth) lights upon them, like
dew.

Q.  Why are wiNpows often covered with thick
uist, and the frames wet with standing WATER ?

A. Because the temperature of the
external air always falls at sun-set, and
chills the mindow-glass, with which it
comes in contact.

Q.  How does this account for the mist and
WATER o0 ¢ WINDOW ?

A. As the warm vapour of the room
touches the cold glass, it is chilled and
condensed into mist ; and the mist (col-
lecting into drops) rolls down the window-
frarae in little streams of water.

Q.  Docs the arass of @ window coor down
MOTE RAPIDLY, than the AIR of the room itself ?
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A. Yes; because the air is kept
warm by fires, and the animal heat of the
people ‘in the room; in consequence of
which, the air of a room suffers wery
little diminution of heat from the setting
of the sun.

Q.  Whence arises the vAPouUR of @ RooM ?

A. 1st—The very air of the room
contains vapour,: '

2ndly—The breath and insensible per-
spiration of the inmates increase this
vapour: and

3rdly—Hot dinners, the steam of tea,
and so on, increase it still more.

Q. What is meant by *“the INSENSIBLE
PERSPIRATION " P.

A. From every part of the human
body, an insensible and invisible perspi-
ration issues all night and day; not only
in the hot weather of summer, but also
in the coldest day of winter,

Q. If the perspiration be both INSENSIBLE

and INVISIBLE, how is ©t ENOWN #hat there 1s any
such perspiration ? :

A. If you put-your naked arm.into
a clean dry glass tube, the perspirution
U2
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of your arm will soon condense on the
glass, like mist.

Q. Why are CARRIAGE WINDOWS very SOON
covered with thick mist ?

A. Because the warm vapour of the
carriage is condensed by the cold glass,
and covers it with a thick mist.

Q. Wuy s the glass window coLD enough,
to condense the vapour® of the carriage ?

A. Because the inside of the carriage
is much warmer than the outside ; and
the glass window is made cold by contact
with the external air.

Q. WHERE does the WARM vapour of the
carriage come from ?

A. The warm breath and insensible
perspiration of the persons riding, load
the air of the carriage with warm vapour.

Q.  What is the cause of the preity FROST-
WORK, seen on bed-room WINDOWS in wintsr-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 our bed-rooms on a
wihters morning.
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Q. Why is the erass of a window colder,
than the waLLs of a room ?

A. Because glass is so excellent a
radiator, that it parts with its heat very
rapidly.

Q. Why is a TUMBLER of cold WATER made
quite DULL with mist, when brought into a room
FULL of PEOPLE ?

A. Because the /gt vapour of the
room (coming in contact with the cold
tumbler) is condensed upon it; and
changes its invisible and gaseous form,
into that of a thick mist.

Q. Why is a eLAss made quite puLL, by
laying a HOT BAND upon it ?

A. Because the insensible perspira-
tion of the hot hand is condensed upon
the cold glass, and made perceptible.

Q. Why are WINE-GLASSES made quite DULL,
when they are brought into a room FULL of
COMPANY ?

A. Because the hot vgpour of the
room (coming in contact with the cold
wine-glasses) is condensed upon them,
and covers them with vapour like dew.

Q. Why does this misty appearance Go OFF, _
after a little time ?

U3
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A. Because the glass becomes of
the same temperalure, as the air of the
room ; and will no longer chill the vapour
which touches it, and condense it into
mist.

Q. Why is a WINE GLASS (which has been

brought out of a CELLAR into the AIR) covered with
a thick MIST in summer-time ?

A. Because the vapour of the hot
air is condensed by the cold glass, and
covers it as a thick mist.

Q. Why does BREATHING on a GLASS make it
quite DULL ?

A. Because the hot breath is con-
densed by the cold glass; and, therefore,
covers it with a thick mist.

Q. Why do waLyLs stand thick with WET in
a sudden THAW ?

A. Because the walls (being thick)
cannot change their temperature so fast
as the air ; in consequence of which, they
retain their cold after the thaw has set in.

Q. Howdoes “ RETAINING their cOLD " account
Sor their being so WeT ?

- A. As the vapour of the warm air
touches the cold mall, it is chilled and
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condensed into water, which either sticks
to the wall, or trickles down in little
streams,

Q. Why does a thick WELL-BUILT HOUSE
contract more DAMP of this kind, than an ORDINARY
one ?

A. Because the 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 air.

Q. Why are BALUSTERS dc. DAMP afler a
THAW P

A. Because they are made of some
very close-grained, varnished wood, which
cannot change its temperature so fast as
the air.

Balusters—corruptly called banisters.

Q. How does THIS account for the BALUSTERS
being DAMP ?

A. The vapour of the warm air
(coming in contact with the cold balusters)
is chilled, .and condensed into water
upon it.

Q. Why 8 our Bmurn VISIBLE in WINTER,
and NOT in SUMMER ?
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A. Because in winter, the coldness
of the air condenses our breath into
visible vapour ; but in summer, the air is
not cold enough to do so.

Q. Why are our HAIR, and the BRIM of our
HAT, often covered with little drops of pearly DEW in
winler-time ?

A. Because our breath (as it comes
in contact with dur cold hair or hat) is
condensed; and hangs’ there in little
dew-drops.

Q. Why does the STEAM of @ RAILWAY
BOILER often pour down, like fine rain, when the
steam is ““ let off ?”

A. Because, incold weather, the steam
from the chimney is condensed by the
chill air, and falls like fine rain.

Q.  Why is there LESS DEW when the WIND i3
EASTERLY, than when the wind i3 WESTERLY ?

A. Easterly winds cross the con-
tinent of Europe, and (as they pass over
land) are dry and arid: But westerly
winds cross the Atlantic Ocean; and
(as they pass over water) aré moist and
Sfull of vapour.

Q. . How doss the DRYNESS of an easterly
wind PREVENT DEW-FALLS ?
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A. As the easterly winds are dry,
they imbibe the moisture of the air; in
consequence of which, there is very little
left to be condensed into dew.

Q. How does the MOISTNESS of a western wind
PROMOTE dew-falls ?

A. As the westerly winds are sat-
urated with vapour, they require a
very little reduction of" heat to cause a
copious deposition of dew.

Q.  When is DEW most coprousLy distilled ?

A. After a hot day in summer or
autumn, especially if the wind be in the
west.

Q. Why is pEW distilled most COPIOUSLY after

a HotT day ?
A. Because the surface of the hot

earth radiates heat very freely at sunset ;
and (being made much colder than the
air) chills the passing vapour, and
condenses it into dew. h

Q. Does not AIR radiate heuf, as well as the

EARTH and s vanom pla'nts ? :
A. No.  The air never rediates heat ;

nor is the air made.kot by :the rays of
the sun.
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Q. How 1is the ATR made HoT or coLD ?

A. By conwvection of kot or cold
currents.

Q.  What is meant by * coNVECTION of hot
or cold currents 2"

A. The air which has been heated by
the surface of the earth ascends, warming
the air through which it passes. Other
air (being warmed in a similar way) also
ascends, carrying heat ; till all the air is
made hot.

Q.  Is the a1R made coLD in a similar way ?

A. Yes. The air resting on the
earth is made cold by contact : this cold
air makes the air above it cold ; and cold
currents (or winds) shake the whole to-
gether, till all becomes of one temperature.

Q. Why is MEAT very subject to TAINT o1 @
MOON-LIGHT night ?

A. In a bright moon-light night,
meat radiates heat very freely; and is
soon covered with dew, which produces
rapid decomposition.

Q. “How do MooN-LIGHT nights conduce to the
‘fapid GROWTH of PLANTS ?

A. > In bright moon-light nights, (as

5
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rapid radiation is carried on), den is very
plentifully deposited on young plants,
which conduces much to their growth and
vigour.

Q. Why ¢ evening DEW INJURIOUS lo
HEALTH ?

A. Because the condensed vapours
are always laden with nozious exhalations
from the earth : thisis especially the case
in marshy countries.

Q. Is HONEY-DEW a similar thiné to DEW P

A. No. Honey-dewisasweetliquid,
shed by a very small insect (called the
dphis), and deposited in autumn on the
under surface of favourite leaves.

Q. Does HONEY-DEW INJURE leaves, or do
them good ?

A. Tt injures them very much, by
filling the pores with a thick clammy
liquid; in consequence of which, the
leaf can neither transpire, xior absorb its
needful food.

Q. What E¥FECT has hon?—dew upon the
APPEARANCE 0f a leaf ?

A. After a little time, the leaf (being
smothered and starved) begins to turn a
dingy yellow,
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Q.  Are not ANTS very FOND of HONEY-DEW ?
A, Yes; and crawl up the loftiest
trees, in order to obtain it

Q.  What is the cause of MisT (‘or earth-foy ) ?

A. If the night has been very calm,
the radiation of heat from the earth has
been very abundant; in consequence of
which, the air (resting on the earth) has
been chilled, and its vapour condensed
into a thick mist.

Q. Why does not the M1sT become prw ?

A. Because the chill of the air is so
rapid, that vapour is condensed faster
than it can be deposited ; and (covering
the earth in a mist) prevents any further
radiation of heat from the earth.

Q. When the earth can no longer RADIATE
heat upwards, does it continue lo CONDENSE the
vapour of the air ?

A. Noj; the air (in contact with the
earth ) becomes about equalin temperature
with the surface of the carth itself; for
which reason, the mist is not condensed
into dew, but remains floating above the
earth as a thick cloud.



DEW-DROPS. 229

Q.  How is it, that this MIST secems o RISE
HIGHER «nd HIGHER, and yet remains quite as dense
below as at first ?

A. The air resting on the earth is
first chilled, and cAills the air resting on
it; the air which touches this new layer
of mist being also condensed, layeris added
to layer: And thus the mist seems to be
rising, when (in fact) itds only deepening.

Q.  Why does MIST und DEW VANISH, qs the -
SUN rises ?

A. Because the air becomes warmer
at sun-rise, and absorbs the vapour.

Q. Why is « DEW-DROP ROUND {

A. Because every part of the drop is
equelly balanced ; and, therefore, there is
no cause why one part of the drop should
be further from the centre, than another.

Q. Why is the pEw-DROP (on a broad leaf)
sometimes FLATTENED ?

A. Because two or more drops of
dew roll together, and make one large
spheroid (or flattened drop).

Q. Whywill DEW-DROPS ROLL ABOUT CAB-
BAGE-PLANTS, POPPIES, dic. without wetting the
surface ?

A. The leaves of cabbages and pop-
X



230 RADIATION.

pies are covered with a very fine waxen
porwder, over which the dew-drop rolls
(as a drop of rain over dust), without
wetting the surface.

Q.  TVhy does not the drop of RAIN WET the
DUST over which it rolls ?

A. Because dust has no affinity for
water ; and, therefore, repels it.

Q. Why docs not the DEW-DROP WET lhe
POWDER of the cABBAGE-plant ?

A. Because the fine powder, which
covers the cabbage-leaves, has no agfinity
for water ; and, therefore, repels it.

- Q.  Why will DEW-DROPS ROLL Ot¢r a ROSE,
d&e. without wetting the petals ?

A. Because the leaves of a rose
contain an essential oil, which has no
affinity for water; and, therefore, repels it.

Q.  Why can swans and DUcks dive under
watcr WITHOUT being WETTED ?

A. Because their feathers are covered
with an oily secretion, which has no
affinity for water, and, therefore, repels it.

Q.  TWhat is the cause of mist?

A, Currents of air from the water,
mixing with colder land currents, are
condensed (by contact) into mist.
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Q.  Why are the currents of air from the LAND,
COLDER than those blowing over WATER P

A. Because the earth radiates heat
very freely after sun-set; and (being
greatly cooled down) cools the air also,
which comes in contact with it

For other questions respecting land and sea breezes,
see Chupter XXII,

Q. Why is not the Aw, which passes over
WATER, 80 COOL as Yhut, which passes over TaxD P

A. Because waler does not cool down
at sun-set, so fast as land does; and,
therefore, the air in contact with it is
warmer.

Q.  Why does not WATER cool down so fast as
LAND?

A. 1st—Because the surface of water
is perpetually changing ; and as fast as one
surface is made cold, another is presented :
and

2ndly—The moment water is made
cold it sinks, and marmer portions of
water 7ise o occupy its place: therefore,
before 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@ P

A. These fogs (which occur generally
in the winter time) are occasioned thus:—
Some current of air (being suddenly
cooled) descends into the marm streets,
forcing back the smoke in a mass towards
the earth.

Q.  Why are therc 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 is not saturated,
it may be cooled without parting with its
vapour.

Q.  Why are there EVER FoGs at night ?

A.- If the air is saturated with vapour
during the day, as soon as its capacity
for holding vapour is lessened by the
cold night, it deposits some of the super-
abundant moisture in the form of dew
or fog. .

Q  Whyisthere very oFTEN ¢ foy over MARSHES
and RIVERS, at night-time ?

A. Because the air of marshes is
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almost always near saturation; and,
therefore, the least depression of fempera-
ture, will compel it to relinquish some
part of its moisture in the form of dew
or fog.

Q.  What is the DIFFERENCE befween DEW and
RAIN ?

A. In dew, the condensation is made
near the earth’s surfact.

In rain, the drops fall from a consid-
erable height.

Q.  What is the cAusE of both dew and rain ?

A. CoLp condensing the vapour of
the air, when it is near the point of
saturation. T

Q.« Why do MIST and F0G VANISH at sun-
rise?

A. Because the condensed particles
are again changed into invisible vapour
by the heat of the sun.

Q.  What is the difference between a MisT and
a FoG ?

A. Mist is generally applied to
vapours condensed on marshes, rivers,
and lakes. :

Foc is generally applied to vapours

x 3
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condensed on land ; especially if those
vapours are laden with smoke.

Q.  What 1s the reason why eondensed vapour
sometimes forms into cLotDs, and somctimes into
FoG ?

A. If the surface of the EARTH
be hotter than the air, the vapour
of the earth (being chilled by the cold
air) becomes Fod: But if the AR be
hotter than the earth, the vapour rises
through the air, and becomes cLOUD.

Q. If cold air produces Foa, why is it not
fongy on ¢ FROSTY MORNING ?

A. 1st—DBecause lessvapourisformed
on a frosty day : and

2ndly—The vapour is frozen upon
the ground, before it can rise from the
earth ; and becomes HOAR-FROST.

Q.  Why are FoGs more general in AUTGMN,
than i spring ?

A. 1st—Because the air in spring is
generally much drier,than it is in 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 it issues 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 erposed to so
much wind, which dissipates the vapour.

Q. How does wIND disgipate FoGs ?

A. Either by blowing them away;
or else by dissolving them into vapour
again.

Q.  TVhat is HOAR-FROST P

A. There are two sorts of hoar-frost :
1.—FRrozEN pEw: and 2.—FRozEN Foe.

Q.  What is the cause of the crousp hoar-
FROST, oF frozen new ?

A Very rapid radiation of heat from
the carth; in consequence of which, the
surface is so cooled down, that it freezes
the dew condensed upon it.

Q.  TWhy is noAR-FROST seen only after a very
CLEAR NIGHT,?

A. Because the earth will not have

thrown off heat enough by radiation, to
Jreeze the vapour condensed upon its
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surface, unless the night has been very
clear indeed.
Q. Why does HOAR-FROST Tery often COVER

the GROUND and TREES, when the water of rivers is
not frozen.

A. Because itis not the effect of cold
in the air, but ccld on the surface of the
earth (produced by excessive radiation),
which fieezes the dew condensed upon it.

Q. Whyis the no,uz-mmér upon GRASS and

VEGETABLES much thicker, than that wpon lofty
TREES ?

A. Because the air (resting on the
surface of the ground) is much colder
after sun-set, than the air higher up;
in consequence of which, more vapour is
condensed and frozen there.

Q.  Why is the a1r (‘resling on the surface of
the EARTH) colder, than that in the HIGUER regions 2

A. Because the earth radiates more
heat, than the leaves of lofty trees ; and,
therefore, condenses und freezes the
vapour of the air more rapidly.

Q. Why arc EVERGREENS often FROST-BITTEN,
when. lofty trees ere Nor ?

A. Evergreens do not rise far above
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the surface of the earth; and (as the air
conliguous to the earth is made colder by
radiation, than that in the Aigher regions)
therefore, the low evergreen is often frost-
bitten, when the lofty tree is uninjured.

Q. Why is there little or NO HOAR-FROST
under sAruns and shadowy TREES ?

A. 1st—Because the leafy top arresls
the process of radiation from the earth :
and

2ndly—Shrubs and trees radiate a
litlle heat towards the earth; 3 and, there-
fore, the ground beneath is never cold
enough, to congeal the little dew which
rests upon it.

Q. What is the cause of that HOAR-FROST,
which arises from FROZEN FoG ?

A. The thick fog, which invested the
earth during the night, (being condensed
by the cold frost of early morning) is
congealed upon every object with which
it comes in contact.
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CHAPTER XVII.

——

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 resting on the bottom of a
kettle, carries heat to the water through
which it ascends. (see p. 252).

Q.  Are LIQUIDS good CONDUCTURS of heat ?

A. No; liquids are bad conductors ;
and are, therefore, made hot by con-
vection.

Q. Why are 11QUIDS BAD CONDUCTORS of
heat ?

A. Because heat converts a liquid
into steam ; and flies off with the vapour,
instead of being conducted through the
liquid.

Q.  Eaplain how WATER is made Hor ?

A. The water nearest the fire is first
heated, and (being heated) rises to the
top ; other cold water succeeding is also
heated, and rises in turn; and this
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interchange keeps going on, till «ll the
water buils.

Q. IWhy is WATER in such continual FER-
MENT, when it is Bo1LING ?

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 contribntes also to
increase this agitation. .

Q. How do these two currents vass cach
other ?

A. The hot ascending current gene-
rally passes close by the metal sides of the
kettle ; while the cold descending current
passes down the centre.

For other questions upon the subject of boiling water, see
from page 115 to 122,

Q.  Why is nEAT applied to the BorioM, and
not to the top of @ KETTLE?

A. Because the heated water always
ascends to the surface, heating the
water through which it passes: if, there-
fore, heat were applied to the top of a
vessel, the water below the surface would
never be heated.

Q.  Ads the lower part of a GRATE is made

RED-HOT by the fire ABOVE, why would not the
WATER boil, if fire were applied to the Top ?
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A. The iron of a grate is an excellent
conductor ; if, therefore, one part be
heated, the heat is conducted to every
other part: but water is a very bad con-
ductor, and will not diffuse heat in a
similar way.

Q. How do you know that WATER 18 @ BAD
CONDUCTOR of heat ?

A. When a’ blacksmith immerses
his red-hot iron in a tank of water, the
water which surrounds the red-hot iron
is made boiling hot, but the water below
the surface remains quite cold.

Q.  If you wish to cooL LIQUIDS, where should
the cold be applied ?

A. To the top of the liguid ; because
the cold portion will always descend, and
allow the warmer parts to come in
contact with the cooling substance.

Q. Does BoLING water get hotter by being
EEPT on the FIRE ?

A. No; not if the steam be suffered
to escape. ’

Q. Wuy does not boiling water get HOTTER,
if the steam be suffered to EscaPE ?

A. Because the waier is converted
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into steam as fast as it boils; and the
steam carries away the additional heat,

Q.  Is stean visible or INvISIBLE ?

A. Steam 1is invisible; but when it
comes in contact with the air (being
condensed into small drops) it instantly
becomes visible.

Q.  low do you know, that srEaM s INVISI-

BLI

A. If you'look at the spout of a
boiling kettle, you will find that the
steam (which issues from the spout) is
always iuvisible for about half an inch ;
after whu,h, it becomes visible.

Q. Way is the steam INVISIBLE for only
HALF AN INCII, and not either all INVISIBLE or all
V1SIBLE P

A. The air is not able to condense
the steam as it first issues from the
spout ; but when it spreads and comes in
contact with a larger volume of air, the
invisible steamn is readily condemsed into
visible drops.

Q.  TWhy do STEAM-ENGINES sometines BURST ?

A. Steam is very clustic; and this
elasticity increases in a greater propor-

Y
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tion, than the heat which produces it;
unless, therefore, some wvent be freely
allowed, the steam will burst the vessel
which confined it.

Q. Is a1r a good coxpUCTOR?

A. No; air is a very bad conductor ;
and is heated (like water) by convection.
Q.  How is @ ROPM WARMED by ¢ STOVE P

A. The air nearest the fire is made
hot first, and rises; as cold air descends,
it is heated, and ascends in like manner;
and this goes on, till all the air of the
room is warmed. (see p. 51.)

Q.  Why are FIRES placed on the ¥LoOR of @
room, and not towards the ceiLing ?

A. As heated air always ascends, if
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 the fire, and

hold the mor END DOWNWARDS, why is the HANDLE
so intenself not ?

A. Because the hot end of the poker
heats the air around it, and this hot air
(in its ascent) scorches the poker, and the
hand which holds it,
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Q. FHouw should a RED-HOT POKER be carried,
so as not to BURN our fingers ?

A. With the hot end wupwards;
for then the air (heated by the poker)
would not pass over our hand and
scorch it.

Y 2
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Q.  Of vhat is atmospheric Arr composed ?

A. Principally of two gases, ozygen
and nitrogen ; mixed together in the
following proportion: viz. 1 part of
oxygen, to 4 parts of nitrogen.

Q.  Wiat do you mean by a 6As?

A. A body whose particles are sev-
ered from each other so far, that they
can move about frreely among each other.

Q. Why is 6AS INVISIBLE ?

A. Because its particles are {foo
small to be visible separately ; and too
far asunder to be seen collectively ; as,
therefore, we see belnween these minute
particles, the gas is transparent.
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Q.  What is the difference between a cas and
a L1QUID ?

A. Gases are clastic, but liquids are
not,

Q. Illustrate what is meant by * the ELAs-
TICITY of Gas.”

A. If from a vessel full of gas half
were taken out—the other half would
immediately spread itself out, and fill
the same spacé as was occupied hy the
whole.

Q. Iow do you know that @ LIQUID is NOT
ELASTIC P

A. If from a gallon of water you take
half, the remaining 4 pints will take up
only Aalf the room, that the whole gallon
previously did: A liquid, therefore, is
not elastic, like gas.

Q.  What are the uses of the oxyeEN of the
air ?

A. Tt supports combustion, and sus-
tains life.

Q. What is meant, when it is said, that the
OXYGEN of the air * SUPPORTS COMBUSTION !’

A. It means this; that it is the
oxygen of the air, which makes fuel burn.
’ Y 3
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Q. ITow docs the oxYGEN of the air wake
FUEL BURN ?

A. The fuel is decomposed (by heat)
into hydrogen and carbon; and these
elements combining with the oxygen of
the air, produce combustion.

Q. 1T hat cAs is produced by the combination
of carbon and vxygen ?

A. CARBONIC' ACID GAS. (see p.
39). .

Q.  What becomes of the YDROGEN of the
FUEL ?

A. The hydrogen of the fuel combines
with the ozxygen of the air, and forms
WATERY VAPOUR; but the combination
is attended by the production of flame,
owing to the very inflammable nature of
hydrogen gas.

Q.  What becomes of the NTTROGEN of the air,
amidst all these changes and combinations ?

A. The nitrogen escapes unchanged,
to be again mixed with oxygen, and
converted into common AIR.

Q. What is meant, when it is said, that
OXYGEN ‘‘ SUSTAINS LIFE ?”

A. It means this: if a person could
-not tnhale orygen, he would die.
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Q. What coon does this inspiration of
OAYGEN do °

A. Ist—It gives vilality to the
blood : and

2ndly—It is the cause of animal heat.

Q. How is ¥o0D converted into RLOOD?

A. After it is swallowed, it is dis-
solved in the stomach into a grey pulp,
called cuymE; it then passes into the
intestines, and s converted by the < bile”
into a milky substance, called cuYTE.

Chyme pronounce kyme—chyle pronounce kyle—both as
one syllable.

Q. What BEcoMEs of the milky substance,
called cnyLE ?

A. Tt is absorbed by the vessels
called “lac'teals,” and poured into the
veins on the left side of the neck.

Q.  What beromes of the chyle avTin it is
POURED Znfo the VEINS P

A. It then mingles with the blood,
into which it is converted.

Q. How docs the oXYGEX we inhale MrxoL1
with the BLoOR?

A. The oxygen of the air mingles
with the blood un the lungs, and converts
it into a bright red colour.
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Q. What colour is the blood BEFORE it is
oxydized in the lungs ?

A. A dark purple. The oxygen
turns it to a bright red.

Oxydized, i. e. impregnated with oxygen.

Q. Why arc PERSONS so PALE, who live in
CLOSE R0OMs and cIriis ?

A. Because the blood derives its
redness from the orygen of the air
inhaled ; but, as the air*in close rooms
and cities is not fresh, it is deficient in
ozygen, and cannot turn the blood to a
beautiful bright red.

Q. Why are PERsoNs, who live in the oPEN
AIR and in the country, of a RUDLY complexion ?

A. As the blood derives its bright
red colour from the ozygen of the air
inhaled, therefore, country-people (who
inhale fresh air) are more ruddy than
citizens.

Q. Why is not the air in CITIES S0 FRESH,
as that in the country ?

A. Because it is impregnated with
the lreath of its numerous ¢nhabitants,
the odour of its sewers, the smoke of
its_fires, and many other impurities.
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Q. How does oXYGEN convert the colour of
blood into a bright RED ?

A. The colouring matter of the blood
is formed by very minute globules floating
in it ; the oxygen (uniting with the coats
of these globules) makes them milky,—
and the dark colouring matter of the
blood (seen through this milky coat)
appears of a bright red.*

Exp: If you put sorfie dark venous blood into a milky
glass, and hold it up tuwards the light, it will appear of a
briyht florid colour, like arterial blood.

Q. How docs the CCMBINATION of OXYGEN
with the Br.oop produce animal HEAT ?

A. The principal element of the
blood is carbon, which (combining with
the oxygen of the air inhaled) produces
carbonic acid gas, in 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. The nitrogen is exrhaled un-
changed, to be again mixed with oxygen,
and converted into common AIR.

Q. Why does the vitiated air (after the

oxyyen has been absorbed) comk 0UT of the MoUTH,
and not sink into the stomach ?



250 AIR,

A. Because a mechanical provision
is made in the upper part of the wind-
pipe and gullet for this purpose.

N.B. The lungs are a hollow spongy mass, capable of
confining air, and of being dilated by it. They are so
situated in the thorax (or chest). that the airmust enter
into them, whenever the cavities of the thorax are enlarged.
The precess of breathing is performed thus: When we
TNHALE, the thorax (or chest) is expanded ; in consequence
of which, a rvacuum is formed round the lungs, and heavy
external air instantly enters (through the mouth and throat)
to supply this vacuum.

‘When we EXHALE, the thorax c-mlmch again; in conse-
quence 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 uir takes pluce, the lungs and
muscular fibres of the wind pipe and gullet contract, in order
to assist the process.

Q. If (botl in combustion and respiration)
the OXYGEN of the air is cONSUMED, and the
NITROGEN REJECTED— Wy are not the PROPOR-
TIONS ¢f the ATR DESTROYED ?

A. Because the wunder surface of
vegetuble leaves (during the day) gives out
ozygen, and thus restores to the air the
very element of which ithas beendeprived.

Q. Whenee do leaves OBTAIN the oxygen,
whicl. 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 beremembered) is a compound
of carbon and oxygen.
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Q. How do plants contrive to absorb carbonic
acid from the soil ?

A. Being dissolved in water it rises
(by capillary attraction) through the small
fibrous roots.

Q. IV henee does the sorL t-btain carbonic acid ?

A. 1st—From the arr; from which
it is driven by falling showers:

2ndly—From the decomposition of
vegetable and “animal matters, which
always produces this gas in abundance :
and

3rdly—All lime-stone, chalk, and
calcareous stones, contain vast quantities
of carbonic acid in a solid state,

Calcareous i. e. of a limy nature.

Q. If leaves throw off the OXYGEN of the
carbonic acid, what becomnes of the carbon ?

A. TItisretained, to give firmness and
soliduty to the plant itself.

Q. Show how God has made ANIMAL life
dependent on that of VEGETABLES ?

A. Animals require oxygen to keep
them alive, and draw it from the air by
inspiration : The under surface of leaves
gives out oxygen ; and thus supplies the,
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air with the very gas required for the
use of animals,

Q.  Show how God has made VEGETABLE life
dependent on that of animals ?

A. Plantsrequire carbonic acid, which
is their principel food ; and all animals
exhale the same gas from their lungs.
Thus plants supply animals with ozygen,
and unimals supply plauts with carbonic
acid.

Q. How is AIR HEATED ?

A. By ¢ convective currents.”

Q. L:';ty:tain what are meant by *“ CONVECTIVE
CURRENTS.”

A. When a portion of air is heated,
it rises upreard in a current, carrying the
heat with it: other colder air succeeds,
and (being heated in a similar way)
ascends also : These are called * convec-
tive currents.”

(“ Convective currents;” so called from the Latin words,
cum vectus (carricd with); because the heut is “ carried
with” the current.)

Q.  Is ATR HEATED by the RAYS of the sun ?

A. No; air is not heated (in any
sensible degree) by the action of the
sun’'s rays passing through it.
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Q.  Why then is the AIR HOTTER 0% @ SUNNY
DAY, than on « cLounY one ?

A. Oa a fine day, the sun heats the
surface of the carth, and the air (resting
on the earth) is keated by contact: as
soon as it is heated, ¢¢ ascends ; and other
air succeeding, is keated in a similar nway,
till all is heated by convection.

Q. If amn be a BaD CONDUCTOR, why docs hot
IRON get coLD, byheing EXPUSED to the AIR ?

A. A piece of hot iron (exposed to
the air), is made cold—1st—By ¢“ convec-
tion ;" and 2ndly—By ¢ radiation.”

Q.  Ilow is kot iron (exposed to the air ; mads
cold by coNvEecTION ?

A. The air resting on the hot iron
(being intensely heated), rapidly ascends
with the heat it has absorbed; colder air
succeeding, absorbs more heat, and as- ¢
cends also ; and this process is repeated,
till the hot iron is cooled completely domn.

Q.  How ts hot iron cooled by RADIATION ?

A. While the heat of the iron is
being carried off by ¢ convection,” it
throws off heat (on all sides) by radiation
also.

7
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Q. IVhat is meant by RAD1ATION ?

A. Heat emitted (in all directions)
from any surface, by innumerable rays.

Q Why is BROTH cooLED by being left
erposed o the atr?

A. Hot broth throws off some heat
by radiation ; but it is mainly cooled
down by convection.

Q  How is hot BroTH cooled down by cox
VECTION ? -

A. The air resting on the hot broth
(being heated) ascends ; colder air suc-
ceeding, absorbs more heat, and ascends
also ; and this process is repeated, till
the broth is made cool.

The particles on the surface of the broth sink as they are
cooled down, and warmer pnrticles rise to the surfuce;
wliich greatly assists the cooling process.

Q. Why is hot TEA and KROTH COOLED
Jaster, for being STIRRED about ?

A. 1st—Because the agitation assists
in bringing its lhottest particles to the
surface :

2ndly—The action of stirring agitates
the air, and brings it more gquickly to the
broth or tea: and

3rdly—As the hottest particles are
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more rapidly brought into contact with
the air, therefore convection is more rapid.
Blowing ten or broth cools it also. (sce p. 186).
Q. If a shutter be closed in the day-time, the.

stream of light (piercing through the crevice) scems
1N CONSTANT AGITATION. WY s this 2

"A. Because little motes and particles
of dust (thrown into, agitation by the
violence of thg convective currents) are
made visible by the strong beam of light,
thrown into the room through the crevice
of the shutter.

Q. Why is the GALLERY of @ CHURCH or
theatre HOTTER, than the AISLE or pit ?

A. Because the hot air ascends from
the bottom to the top of the building ; and
cold air (from the doors and windows)
flows to the bottom, to supply its place.

Q. Why do persons, who ascend in balloons,
Jfeel intense pain in their eyes and cars ?

A. Because the air of the upper
regions is more rarefied, than the air on
the earth ; and the air inside their bodies
(seeking to become of the same rarity)
bursts through their eyes and ears, pro-
ducing an intense pain.

z 2



6 AIR.

Q. Why s it often PAINFUL, and difficult to
BREATHE, on @ MOUNTALN top ?

A. Because the pressure of air on
the mountain- -top is not so great, as on the
plain ; and the air inside our bodies
(seeking to become of the same rarity)
bursts through the pores of the body, and
produces great pain.

Q. I hy do we feel OPPRESSED Just Pm;vxom
to a storm ? 1

A. Because the air is greatly rareficd
by heat and vapour ; and the air inside us
(seeking to become of the same rarity)
produces an oppiessive and suffocaung
feeling. .

Q.  Why do LIVERS suffer great pain in their
eyes and ears under water ?

A. Because the air at the bottom of
the sea is more dense, than the air on the
surface; and, (till the air inside the
diver’s body is settled into the same
density,) he feels oppressed with pain,
‘especially in the ears. .

«.Q.  Why s this PaIN felt especially about the

FARS of @ DIVER?
A. The ear is fitted with a small



CORNS,—CELLARS. 257

membrane, called the drum (or tympa-
num), through which the dense air
bursts ; and the rupture very often pro-
duces incurable deafness.

Q.  JF hy do our CORNS ache just previous to

RAIN P

A. Because our feet swell from the
sudden depression in the density of air;
and the hard corn (not being elastic) is
painfully stretched and pressed.

(Some of this pain is due to electricity.)

Q.  How do you know that the density of the
air is lowered, previous to a storm 2

A. Because the mercury of a barome-
ter rapidly falls.

Q. TWhy do CELLARS feel WARM in WINTER ?

A. Because the external air has not
free access into them ; in consequence of
which, they remain almost at an cven
temperature,—which (in winter time) is
about 10 degrees mwarmer, than the
external air.

Q. Wiy do CELLARS feel cOLD in SUMMER
time ?

A. Because the external air has not

free access into them ; in consequence of
z3
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which, they remain almost at an even
temperalure,— which (in summer time) is
about 10 degrees colder, than the
external air.

Q. Why does ATR rust TRON?

A. Because the oxygen of the air
combines with the surface of the iron,
and produces oxide of iron; which is
generally called “rust.”

Q. Why does hot iron SCALE and PEEL of,
when struck with a HAMMER ?

A. Because the oxygen of the air
very readily unites with the surface of the
hot iron, and forms a metallic oxide (or
rust), which scales off, when struck with
a hammer,

Q.  Does iron. RUST in DRY air ?

A. No; iron undergoes no change
in dry air.

Q. Why do sTovEs and FIRE-IRONS become
RUSTY i1 rooms, which are not 0CCUPLED ?

A. Because the air is damp; and
moist air ozidizes iron and steel.

Oxidizes, i. e. rusts.

Q.  Inuhat part of the year is it most difficult
to keep STOVES and FIRE-IRONS BRIGHT !

A. In autumn and winter.
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Q.  Whyis it more difficult to keep sTOVES
and FIRE-IRONS bright in AUTUMN and WINTER,
than in spring and summer ?

A. Because the capacity of the air
for holding water is constantly on the
decrease, after the summer is over; in
consequence of which, vapour is deposited
on everything with which the air comes
in contact. .

Q. Why doPs GREASING iron prevent ifs
becominy nusTy ?

A. DBecause grease prevents the
humidity of air from coming in contact
with the surfuce of the iron.

Q. Why do not stovES rust, so frequently as
POKERs and TONGS ?

A. Because stoves are generally
covered rith 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
carbon and iron, in the following proportions:—91 parts
carbon, and 9 iron. But the BLACK LEAD sold in shops
is a mixture of charcoal and iron filings.

N.B. A moss 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.
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Q.  Why dors ornamental STEEL (of a purple
or LILAC colour) rust more readily, than polished
WHITE steel ?

A. Because the lilac tinge is pro-

duced by partial oxidation; and the
process which forms rust, has, therefore,
already commenced.

Q. How can lilac sTEEL be kept FREE from
RUST ? 4

A. By keeping it ¥ a very dry
place; for then no additional oxygen
will come in contact with it, to increase
the amount of rust.

Q. If DRY AIR contains oXYGEN, why dues it
NOT RUST IRON, as well as MOIST air ?

A. Because it is the nater in the air,
which is decomposed by the contact with
iron: For iron has a much stronger
tendency to unite with the oxygen of
water, than with the oxygen of dry air.

Q. Do any oTHER metals (besides iron)
combine rapidly with oxygen ?

A. Yes; copper, lead, mercury, and
even silver to some extent.

Q. Why does COPPER TARNISH ?

A. The tarnish of copper is caused
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by its ozidation : that is, the oxygen of
the air combines with the surface of the
copper, and (instead of rusting it), covers
it with a dark tarnish.

Q.  Why does LEAD become of @ DARKER hue.
by beiny exposed to the wir?

A. Because the vapour of the air
combines with the lead, and oxidizes its
surface ; but instead of becoming rusty,
the surface assumes a darker hue.

Q. W hy does LEAD lose its BRIGHTNESS, and
become DULL, by being exposed to the air 2

A. The dullness of the lead is caused
by the presence of a carbonate of the
oxide: WWhen the oxide is formed, it
attracts carbonic acid from the air, and
(combining with it) produces a carbonate,
which gives the dull tint to old lead.

Q.  Why isit difficult to keep SILVER BRIGHT ?

A. Because the vapour of the air
oxidizes its surface, and tarnishes it.

Q Why do silver TEA-POTS and SPOONS
tarnish more quickly, than silver ore or bullion ?

A. Because alloy (of some baser
metal) is used, to make them more kard
and lasting ; and this alloy oxidizes more
quickly, than silver itself.
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Q. Why does GERMAN silver turn a dingy
yellow in a few hours ?

A. Because Germansilver has a great
affinity for oxygen; and shows its
oxidation by a sickly yellow tarnish,
instead of rust.

Q.  If quicksilver (or mercury) is tarnished,
like copper and lead,—uwhy does it preserve its
BRILLIANCY iz BAROMETERS and THERMOMETERS ?

A. Because air is excluded from it,
and no moisture comes in contact with
it, to oxidize (or tarnish) it.

Q. Is covrp affected by the atmosphere ?

A. Not readily: gold will never
combine with oxygen of itself, (. e.
without aid).

Q. Warcr of the METALS is capable of
resisting oxidation altogether 2

A. Platinum; in consequence of
which, the graduated arcs of delicate
¢ instruments-for-observation” are made
of platinum, instead of any other metal.

Q. Whyis paTivum used for the graduated
arcs of delicate mathematical instruments, instead of
any other metal ?

A. Because it will never oxidize ; but
retain its bright surface in all weathers,
free from both rust and tarnish.
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Q.  Before plut'inum was discovered, which of
the metals was employed for the same purpose ?

A. Gold.

Platinum, (a white metal), so called from ¢plata,” the
Spanish word for silver. It was iutroduced from Soath
America into England by Mr. Wood, (A. D. 1749).

Q. For what other SCIENTIFIC purposes is
PLAT INUM now used ?

A. For crucibles in which acids are
employed ; and for galvanic batteries.

Q. Why are BruciBLES (‘in which acids are
employed) made of pLATINUM ?

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
ajfinity for oXYGEN ?

A. Those called potas'sium and
so'dium.

Potays’sium and so’dium derive their names from potash

and soda. Potas'sa is the oxide of potas’sium; and soda
is the oxide of su’dinm.

Q. Houw is the affinity of potas'sium and
so'dium for oxygen shewn 2

A. 'Theydecomposewater immediately
they are brought into contact with it.

Q. What eFFECT has POTAS'SIUM On WATER ?
A. It catches fire the moment it is
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thrown into water, and burns with a
vivid flame,—which 1is still further
increased by the combustion of hydrogen,
separated from the water.

(N.B. Wateris composed of oxygen and hydrogen; and
potas’sium separates the two gases.)

Q.  What eject has so'prum on water?

A. TItdoes not take fire, as potassium
does ; but undergoes very rapid ozidation.

Q.  Is the FURR of KETTLES an oxide ?

A. No; the furr (or deposit of
boiling water) is a precipitate of Ilime
and mineral salt, separated from the
water by the process of boiling.

Q. Is not this FuRR of boiling water often
DANGEROUS ?

A. Yes; especially in tubular boilers,
such as those employed in railways.

Q.  Whyisthis FuRR especially TROUBLESOME
in RAILWAY engines ?

A. Because it is a bad conductor of
heat; in consequence of which, it
hinders the evaporating effect of the
fire, and prevents the economy of fuel.

Q  Phy is this PURR esperially paNGEROUS
in RAILWAY engines ?
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A. Because, when it is deposited in
the boilers, they are likely to become
over-heated ; and then ezplosion will
take place, from the sudden generation
of highly elastic steam.

Q.  Why cannot RAILWAY engines be fed with
BRACKISH WATER?

A. Because brackish water contains
mineral salt;  which makes a much
larger depos1t. of farr, than water which
contains only vegetable matters.

CHAPTER XIX.

CARBONIC ACID GAS.

Q.  What is CARBONIC ACID @As?

A. A gas formed by the union of
carbon and oxrygen : It used to be called
“ FIXED AIR.”

8 Ibs. of carbon and 8 1bs. of oxygen will form 11 1bs. of
carbonic acid.

Q Under what circumstances does CARBON
ost readily uUNITE with OXYGEN ¥

Aa
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A. 1st—When its temperature is
raised : 'Thus if carbon be red hot,
oxygen will most readily unite with it: and

2ndly—When it forms part of the fluid

blood.

Q. Why do oxyuen and carbon so readily
unite in the BLooD ?

A. Because the atoms of carbon are
so loosely altracted by the other materials
of the blood, that they umte very readily
with the oxygen of the air inhaled.

Q.  Is carbonic acid WHOLESONE ?

A. No; it is fatal to animal life;
and (whenever it is inhaled) acts like a
narcotic poison,—producing drowsiness,
which sometimes ends in death.

Q. How can any one xxovw, if a place be
tnfested with CARBONIC ACID GAS?

A. 1If a pit or well contain carbonic
acid, a candle (let down into it) will be
instantly extinguished. The rule, there-
fore, is this—Where a candle will burn,
a man can live ; but what will extinguish
a candle, will also destroy life.

Q.  Why does a MINER lower @ CANDLE into
n mine, before he descends ?
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A. Because the candle will be extin-
guished, if the mine contains carbonic
acid gas: but if the candle is not extin-
guished, the mine is safe, and the man
may fearlessly descend.

Q. Why does 1 CROWDED RooM produce
HEAD-ACHE ?

- A. Because we breathe air vitiated
by the crowd. .

Q.  Why is the AIR of a room VITIATED by a
crowD ?

A. Because it is deprived of its due
proportion of ozxygen, and laden with
carbonic acid and nitrogen.

Q. How s the air of « room affected thus by
a crowd ?

A. The elements of the air (inhaled
by the breath) are separated in the
lungs ;—the oxygen is converted in the
blood into carbonic acid; and the car-
bonic acid (together with the nitrogen) is
then thrown off by the breath into
the room. -

Q. Is ALL the NITROGEN REJECTED by the
lungs ?

A. Yes; all the nitrogen of the air

is always expired. Aa2
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Q. Why is a CROWDED ROOM UNWHOLE-
SOME ?

A. Because the oxygen of the air
is absorbed by the lungs; and carbonic
acid gas (whlch is a noxious poison) is
substituted for it.

Q.  Mention the historical circumstances, so
well known in :anneuon with the “ Bluack HoL
of CALCUTTA.”

A. In the reign of George II, the
Raja (or Punce) of Bengal* marched
suddenly 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.

Q.  What becane of these prisoners ?

A. They were driven into a place
about 18 feet square, and 15 or 16 feet
in height, with only two small grated
windows. 123 of the prisoners died in
one night; and (of the 23 who survived)
the larger portion died of putrid fevers,
after they were liberated.

* The Sur Raja, at Dowlat; a young man of violent
passions, who had but just succeeded to the throne. A.D.
1756.
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Q. Why were 123 persons SUFFOCATED in @
few hours, from confinement in this close hot PRISON-
hole ?

A. Because the ozygen of the air
was soon consumed by so many lungs,
and its place supplied by carbonic acid
exhaled by the hot breath.

Q. Why did the captives in the BLACK HOLE
die SLEEPING ?

A. 1st—Because the absence of
oxygen quickly affects the vital functions,
depresses the nervous energies, and
pr(()lduces a lassitude which ends in death :
an

2ndly—The carbonic acid gas (being
a narcotic poison) produces drowsiness
and death, in those who inhale it.

Q. Why dre the JunaLEs of Java and
Hindostan so FATAL to life ? e

A. Because vast quantities of car-
bonic acid are thrown off by decaying
vegetables; and (as the wind cannot
penetrate the thick brushwood to blow
it away) it settles there, and destroys
animal life.

Aa3
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Q. Why do persons in a crowded CHURCH
Jfeel DROWSY ?

A. 1st—Because the crowded con-
gregation inkale a large portion of the
ozygen of the air, which alone can sustain
vitality and healthy action: and

2ndly—The aiv of the church is
impregnated with carbonic acid gus,
which (being a strong narcotic) produces
drowsiness in those who nhale it.

Q. Why do persons, who are much in the
OPEN AIR, enjoy the best REALTH P

A. Because the air they inhale is
much more pure.

Q. Why is COUNTRY AIR more PURE, than
the air in cITIES ?

-A. 1st—DBecause there are fewer
inhabitants to vitiate the air:

2ndly—There are more trees to restore
the equilibrium of the vitiated air: and

3rdly—The free circulation of air
keeps it pure and wholesome (in the
same way as running streams are pure
and wholesome, while stagnant waters
are the contrary).

Q.  Why does the scANTINESS of a country
POPULATION 7ender the COUNTRY AIR more PURE ?
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A. Because the fewer the inhabitants,
the less carbonic acid will be exhaled ;
and thus country people inhale pure
ozygen, instead of air impregnated with
the narcotic poison, called carbonic acid
gas.

Q. Why do TREES and FLOWERS help to make’
country AR WHOLESOME ?

A. 1st—Because trees and flowers
absorb the carbonic acid generated by the
lungs of animals, putrid substances, and
other noxious exhalations : and

2ndly—Trees and flowers restore to
the air the oxygen, which has been inhaled
by man and other animals.

Q.  Why is the AIR of cITIES LESs wholesome,
than COUNTRY air

A. 1st—Because there are more
inhabitants to vitiate the air:

2ndly—The sewers, drains, bins, and
filth of a city, very greatly vitiate the air:

3rdly—The streets and alleys prevent
a free circulation: and

4thly—Besides all this, there are fewer
trees to absorb the excess of carbonic
acid gas, and restore the equilibrium.
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Q. Why are PeERrsoNs, who live in CLOSE
rooms and crowded CITIES, generally siCKLY P

A. Because the air they breathe is
not pure, but is (in the 1st place)
defective in ozygen; and (in the 2nd)
impregnated with carbonic acid gas.

Q.  Where does the cARBONIC aciD of close
ROOMS and CITIES COME from ?

A. From the langs of the inhabitants,
the sewers, drains, and other like places,
in which organic substances are under-
going decomposilion.

Q. W hat BECOMES of the CARBONIC ACID of
crowded cities ?

A. Some of it is absorbed by vegeta-
bles, and the rest is blown away by the
wind, and diffused through the whole
volume of the air.

Q.  Does not this constant diffusion of carbonic
acid affect the PURETY of the WHOLE AIR?

A. No; because it is wafted by the
wind from place to place, and absorbed
in its passage by the vegetable world.

Q. ¥¥hatis cHUKE DAMP? .

A. “Carbonic acid gas accumulated at
the bottom of wells and pits, which renders
them noxious, and often fatal to life.
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Q.  Why is not this carbonic acid TAXEN TP
by the AR, and DIFFUSED, as it is in cities ?

A. Because (being heavier than com-
mon air) it cannot rise from the well or
pit ; and no wind can get to it, to blow it
away.

Q. W hy are PERSONS sometimes KILLED, by
leaning over BEER VATS ?

A. Vats (where beer has been made)
contain a large quantity of carbonic acid
gas, produced by the <vinous ferment-
ation ” of the beer; and when a man
incautiously leans over a beer vat, and
inhales the carbonic acid, he is imme-
diately killed thereby.

Q. Why are PERSONS often KILLED, who
enter BEER VATS to clean them ?

A. Carbonic acid (being heavier than
atmospheric air) often rests upon the
bottom of a vat: when, therefore, a person
enters the vat, and stoops to clean the
bottom, he inhales the pernicious gas,
which kills him.

Q. Why are PERSONS somelimes KILLED by
having a CHARCOAL FIRE in their bed-rooms ?

A. When charcoal is burned, the
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carbor. of the charcoal unites with the
oxygen of the air, and forms carbonic
acid gas, which is a narcotic poison.’

Q.  If carbonic acid scttles at the BoTTOM Of @0
room, how can it injure a person LYING upon @ BED,
ravsed considerably abo-e the floor ?

A. All gases diffuse themselves
through each other, as a drop of ink would
diffuse itself through a cnp of water. If,
therefore, a person slept for 6 or 8 hours
in a room containing carbonic acid, quite
enough of the narcotic will have spread
itself by this time to produce death.

The heat of the fire assists this process of diffusion.

Q.  Wlhat are the chicf SOURCES of CARBONIC
Actp ?

A. 1.—The breath of animals. 2.
—The decomposition of vegetable and
animal matter. 3.—Lime-stone, chalk,
and all calcareous stones, in which it
exists in a solid form.

~ , ,
Q.  From which of these sources is CARBONIC
ACID ‘rost likely to ACCUMULATE to a'noxious extent 2

A. From the fermentation and putre-
faction of decaying vegetable and animal
matters.
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Q. How can this ACCUMULATION of CAR-
BONIC ACID be PREVENTED ?

A. Bythrowing quick-limeinto places,
where such fermentation and putrefaction
are going on.

Q. How will quick-LIME PREVENT the accu-
mulation gf CARBONIC ACID ?

A. Quick-lime will absord the car-
bonic acid ; and produte a combination
called ¢ carbonate of lime.”

Q.  Does not heavy raIN prevent the Accumu-
LATION of CARBONIC ACID, as well as quick-lime ?

A. Yes; an abundant supply of water
will prevent the accumulation of carbonic
acid, by dissolving it.

Q. What effect has cARBoNIC ACID on the
WATER, 1 which it is dissolved ?

A. It renders it slightly acid to the
taste.

Q.  Can the caraciTY of water for dissolving
carbonic acid be tncreased ?

A. Yes. If water be condensed by
pressure, it will dissolve much more car-
bonic acid, than it will otherwise.

Q. To what practical vses has this capacity
of water (for dissolving carbonic acid ) been applied ?



276 CARBONIC ACID.

A. Effervescing draughts are made
upon this principle.

Q.  Eaplain the cause of EYFERVESCENCE in
these beverages.

A. The carbonic acid of the beverage
(being prevented by the corkfrom escaping)
condenses the liquid by its pressure, and
is absorbed by it: but when the cork or
pressure is removed, (as the liquid can
no longer retain the sime quantity of
carbonic acid,) some of it flies off in
bubbles or effervescence.

Q. Why does AERATED WATER effervesce,
when the CORK is removed ?

A. While the bottle remains corked,
the water (being condensed) absorbs the
carbonic acid: but when the cork (or
pressure) is removed, (as the liquid can
no longer retain the same quantity of
carbonic acid,) some of it flies off with
effervescence.

Q.  Why does 80DA WATER effervesce ?

A. Soda water contains 8 times its
own bulk of carbonic acid gas, which
makes its escape in effervescence, as
soon as the cork is removed.
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Q.  Why does cineEr poP fly about in froth,
when the string of the cork s cut ?

A. All vinous fermentation produces
carbonic acid gas. While the cork is
fast, the water of the liquor absorbs the
carbonic acid ; but when the pressure is
removed, the gas is given off in efferves-
cence.

Q.  Why does LOTTLED ALE Sroth more, than
DERAUGHT ale P  **

A. Because the pressure is greater
in a bottle, than in a tub which is
perpetually tapped: and effervescence is
always increased by pressure.

Q. What produces the FEOTH of BOTTLED
PORTER ?

A. Carbonic acid, set free by its
vinous fermentation: 'This gas is absorbed
by the liguor, so long as the bottle is well
corked ; but is given off in froth, as soon
as the pressure of the cork is removed.

Q.  What gives the pleasant Ac1D taste to soda
water, ginger beer, champagne, and cider ?

A. The presence of carbonic acid,
generated by fermentation ; and liberated
by effervescence, when the pressure of
the cork is removed. Ba
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Q.  Why does fresh SPRING WATER SPARKLE,
when poured from one vessel to another ?

A. Because fresh spring and pump
water contain carbonic acid ; and it is the
presence of this gas, which makes the
water sparkle.

Q. What is the FERMENTATION of BEER and
WINE?

A. The escipe of carbonic acid,
produced by the change of sugar into
al'cohol.

Q. What is at'conoL ?

A. The spirit of beer and wine,
obtained by fermentation.

Q.  Of what ELEMENTS s AL'COHOL compused ?
A. Of carbon, oxygen, and hydrogen.
Of Av'coHor, 4 parts are carbon; 2 oxygen; and 6
hydrogen.
Q. What are the ELEMENTS of grape SUGAR P
A. Carbon, oxygen, and hydrogen,
all in equal proportions.
Q. What cuANGES does SUGAR undergo by
FERMENTATION ?
A. Itis first decomposed ; and then
its elements re-unite in different propor-
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tions; producing al'cohol, carbonic acid,
and water.

Of suaAR, one portion is aleohol ; and another carbonic
acid; as may be seen by the following table.
Carb. Oxy. Hyd.
Every atom of unhydrous sugar contains 12 12 12

Two atoms of alcohol contain 8 4 12
Four atoms of carbonic acid contain 4 8 0
L ] F e ——

12 12 12

ee

Unhydrous sugar is sugar dried at 300°.

Q. How does sUGAR form AL'coHOL by fer-
mentation ?

A. Two-thirds of its carbon and one-
third of its oxygen re-unite with the
hydrogen, and generate al‘cohol.

Q. How does SUGAR jform CARBONIC ACID
by fermentation ?

A. The remaining one-third of its
carbon and two-thirds of its oxygen
re-unite, and generate carbonic acid.

Q. What BECOMES of the aL'conoL, which is

thus generated by fermentation ?
A. It mixes with the water, and

forms the intoxicating part of beer and
wine.
Ba?2
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Q.  What becomes of the CARBONIC ACID, which
is generated by fermentation P

A. It makes its escape into the air.

Q.  Why is BARLEY MALTED?

A. Because germination is produced
by the artificial heat; and in germination,
the starch of the grain is converted into
sugar. .

Q.  How is barley malted P

A. It is moistened with water, and
heaped up ; by which means, great heat
is produced, which makes the barley
sprout.

Q. Why is not the BARLEY suffered to Grow,
as well as sprouT?

A. Plants in the germ contain more
sugar, than in any other state ; as soon as
the germ puts forth shoots, the sugar of
the plant is consumed, to support the
shoot.

Q. How is BARLEY PREVENTED from SHOOT
ING, in the process of MALTING?

A. It is put into a kiln, as soon as
it sprouts; and the heat of the kiln
checks or destroys the young shoot.
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Q. What is YEAST?
A. The foam of beer, or of some
similar liquor, in fermentation.

Q.  Why is YEAST used in BREWING ?

A. Because it consists of a substance
called glu'ten, undergoing change; and,
therefore, possessing the peculiar property
of exciting fermentation.

If the glu'ten weresnot putrefying it could not produce
fermentation,

Q. What is ghi'ten ?

A. A tough elastic substance com-
posed of carbon, oxygen, hydrogen, and
nitrogen.

Q. Does MALT contain gli'ten ?

A. Yes. Theinfusion of malt, called
“sweet-wort” contains an abundance of
gluten, the yeast (which converts its
sugar into alcokol) converts this glu'ten
into yeast.

Q. Why is YEAST needful, in order to make
malt into BEER ?

A. Because the presence of a putre-
fying body containing nitrogen is essential,
in order to convert sugar into al'cohol.

Ba3
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Q. What EFrect has yeast upon the sSWEET-
WORT ?
A. Tt causes its SUGAR to be con-

verted into al'cohol and carbonic acid;
and its GLUTEN into yeast.
Q. What cuanck is produced in gluten by

PUTREFACTION ?
A. Itselementsareloosened 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 FER-
MENTATION @nd PUTREFACTION ?

A. FreRrRMENTATION is a change
effected in the elements of a body com-
posed of carbon, oxygen, and hydrogen
without nitrogen. PUTREFACTION is a
change effected in the elements of a body
composed of carbon, oxygen, hydrogen,
and nitrogen.

Q. What NEw coMPoUNDS are produced by
the charoe called FERMENTATION ?

A. Al¢ohol and carbonic acid.—The
al'cohol is still further changed (unless
the process be checked) into ace'tic acid
or ginegar.
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Q.  What new compounds are produced by the
change called PUTREFACTION ?

A. The carbon, oxygen, hydrogen,
and nitrogen, of the original substance
(being separated by decomposition) re-
unite in the following manner. 1. Carbon
and oxygen unite to form carbonic acid.
2. Oxygen and hydrogen unite to form
waler. 3. Hydrogen : and nitrogen unite
to form ammonia.

Hartshorn is a solution of ammonia in water.

N.B. When bodies containing sulphur and phosphorus
putrefy, the sulphur and phosphorus unite with hydrogen,
and form sulphuretled and phosphuretted hydrogen gases.

Q. What BECOMES of these scveral products
of putrefaction ?

A. They are all elastic bodies, and
escape into the air.

N. B. Water is elastic and gaseous when in the condition
of vapour.

Q.  What is the cause of the OFFENSIVE SMELL,
which issues from putrefying bodies ?

A. The evolution of ammonia, or of
sulphurctted and phosphuretted hydrogen
gases; all of which have pungent and
offensive odours.

Q. Whydo boilcd E6GS DISCOLOUR @ SILVER
SPOON ?
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A. Eggs contain a small portion of
sulphur, which unites with the silver (for
which it has a great affinity), and
tarnishes it.

Both the white and yolk contain sulphur—the latter most
abundantly.

Q  What causes the offensive smell of stale
hard boiled Ecas P |

A. The hydrogen of the egg combin-
ing with the sulphur and phosphorus,
form sulphureited and phosphuretted
hydrogen, both of which gases have an
offensive odour.

Of an egg 5D parts are carbon, 16 nitrogen, 7 hydrogen,
and the remaining 22 are oxygen, phospliorus, and sulphur.

Q.  Why is it NoT needful to put YEAST into
GRAPE juice, in order to produce fermentation ?

A. Because the grape juice contains
(besides its sugar), a sufficient quantity
of a nitrogenized substance (like yeast)
capable of producing fermentation.

Nitrogenized, i. e. containing nitrogen.
Q. Why do NoT GRAPES fernsent, while they
hang on the ving ?
A. Because the mater of the juice
evaporates through the skin, and allows
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the grapes to shrivel and dry up, after
they are ripe.

Fermentation cannot occur unless the sugar be dissolved
in a sufficient quantity of water.

Q.  What is the FROTH or SCUM of fermented
LIQUORS ?

A. Putrefying glutinous substances
(of a nature similar to yeast), which rise
to the surface from their lightness.

Q. W hy is VEER FLAT, g.f the cask bs open
too long ?

A. Because too much of the carbonic
acid gas (produced By fermentation) is
suffered to escape.

Q. Why are BEER and PORTER made STALE
by being exposed to the A1R?

A. Because too much of the carbonic
acid gas (produced by fermentation) is
suffered to escape.

Q.  Why does BEER turn FLAT, if the VENT
PEG be left out of the tub ?

A. Because the carbonic acid gas
escapes through the vent hole.

Q.  Why will Nor beer RUN OUT of the tub,
till the VENT PEG is taken out ?

A. Because the upward pressure of
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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.

The upward pressure of air is 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 & medium sufficiently dense to
act against.

Q. Why do# the BEER RUN FREELY, imme-
diately the VEXT PEG is taken out?

A. As soon as the vent peg is taken
out, air rushes 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
downward pressure.

Q. Why does liguor flow reluctantly out of
a BOTTLE held upside doun ?

A. Because the upward pressure of
the air, prevents the liquor from flowing
out.

Q. Why should a bottle be held 0BLIQUELY,
tn order to.be emptied of its liquor ?

A. Because air will then flow into
the bottle, and help the liquor out, by
counter-balancing the upward pressure.
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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
for the air inside (o escape ; the decanter,
thereforc, (being full of air) refuses to
admit the wine.

Q. Why does the EFFERVESCENCE of soda
water and ginger beer so 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 ?

A. Because the whole of the carbonic
acid is expelled by boiling, and escapes
into the air.

Q.  Why docs YEAST make BREAD LIGHT ?

A. Because it produces a species of
fermentation on the starch and gluten of
flour, as it does in the sugar of malt.

Q. How docs FERMENTATION wmake the
DOUGH RISE ?

A. During fermentation, carbonic
acid gas is evolved; but the sticky
texture of the dough will not allow it to
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escape, so it forces up little bladders all
over the dough.

Q. Why is poucH placed BEFORE the FIRE?

A. 1st—Because the heat of the fire
increases the fermentation : and

2ndly—It expands the gas, which is
confined in the little bladders; in con-
sequence of which, the bladders are
enlarged, and the dough.becomes lighter
and more porous.

Q. Why is BREAD HrAvY, if the dough be
removed from the fire ?

A. Because the dough gefs cold, and
then the air in the bladders condenses—
the paste falls,—and the bread becomes
close and heavy.

Q. Whence does the HEAT of FIRE arise ?

A. The carbon of fuel (when heated)
combines with the ozygen of the air, and
produces carbonic acid gas: Again, the
hyd-ogen of the fuel combining with other
portions of oxygen, condenses into water ;
by which chemical actions heat is evolved.

Q.  Whence does the ueaT of our own Bopy

arise ?
B
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A. The carbon of the blood com-
bines with the ozygen of the air inkaled,
and produces carbonic acid gas; which
evolves heat in a way similar to burning
fuel.

Q.  Thence does the REAT of @ DUNGHILL
arise ?

A. As the straw, &c. of the dunghill
decays, it undergoes fermentation, which
produces carbonic acid gas; and heat is
evolved by a species of combustion, (as
in the two former cases).

Q.  How does the formation of CARBONIC ACID
(in all these cases ) produce HEAT P

A. Carbonic acid has less power of
holding latent heat, than carborn and
ozygen have : When, therefore, these ele-
ments are changed into carbonic acid,
latent heat is given off, and made sensible.

Q. Why do persons throw LIME into EINS

and SEWERS, 10 PREVENT their offensive sMELL, in
summer lime ?

A. Because they contain large quan-
tities of carbonic acid gas, which readily
combines with lime, and produces © car-
bonate of lime,” which is entirely free
from all offensive odour, ca
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Q.  Why should WATER (used for washing) bs
exposed to the air ?

A. Because it is made more soft by
exposure to the air.

Most spring water holds lime in solution as a bicarbonate,
in cousequence of the prese..ce of abundant carbonic acid.
Carbouic acid escapes by exposure to gir—and the lime is,
consequently, deposited as a carbonate.,

Q. Why is hard wATER mnade more SOFT by
exposure to air ?

A. 1st—Because it ‘Contains certain
mineral salts, which cause its hardness;
and as soon as these salts subside, the
water becomes more soft.

2ndly—Hard water frequently holds
lime in solution, in consequence of the
presence of carbonic acid: This carbonic
acid escapes by exposure to the air; and
the lime is deposited as a carbonate.

Q. Why is HARD WATER more agreeable to
DRINK, than soft water ?

A. Chiefly because it contains car-
bonie acid.

Q. "Why is water FRESE frowthe pump more
SPARKLING, than after it has been drawn some
time 2~

A. Because water fresh from the
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pump contains carbonic acid, which soon
escapes into the air, and leaves the water
flat and stale.

Q.  Why is quick-LIME formed by burning
challe and marl in @ K1LN?

A. Because the carbonic acid (which
rendered it mild) is driven off by the
heat of the kiln, and .the lime becomes
quick or caustic,

Q.  What is MonTaR ?

A. Quick-lime mixed with sand and
water.

Q.  Wherein does L1ME-STONE differ in appear-
ance from quick-lime ?

A. LiME-sTOoNE is a hard rocky
substance; but QUICK-LIME a loose
powder.

Q. Why does MORTAR become HARD, after a
JSew days 2

A. Because the lime re-imbibes the
carbonic acid of the air, which was
expelled by fire; and the loose powder
again becopes as hard, as the original
lime-stone. ’

Q.  Why ts MoRTAR adhesive ?

A. When the carbonic acid is expel-

ca?2
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led, the hard lime-stone is converted into
a loose powder, which (being mixed with
sand and water) becomes a soft and
sticky plaster ; but, as soon as it is placed
between bricks, it imbibes carbonic acid
again, and hardens into lime-stone.

CHAPTER XX.

D ———

CARBURETTED
HYDROGEN GAS.

Q. What is cHOKE-DAMP
A. Carbonic acid gas accumulated
at the bottom of wells and pits. It is
called cHOKE damp, because it chokes
(or suffocates) every animal that attempts
to inhale if. (Scep.266)
It suffocates without getting into the lungs, by closing
the outer orifice spasmodically. .
Q.  What is marsh-gas or FIRE-DAMP ?

A. Carburetted hydrogen gas accu-
mulated on marshes, in stagnant waters,
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and coal pits; it is frequently called
“inflammable air.”
Q. TVhat is CARBURETTED HYDROGEN GAS
A. Carbon combined with Aydrogen.

Q. JHow may CARBURETTED HYDROGEN GAS
be PROCURED on marshes ?

A. By stirring the mud at the bottom
of any stagnant pool, and collecting the
gas (as it escapgs upwards) in an inverted
glass vessel.

Q. TVhatis coAL cas P

A. Carburetted hydrogen, extracted
from coals by the heat of fire.

Q. Why is carburetied hydrogen gas called
FIRE-DAMP, or inflammable air ?

A. Because it very readily caiches
Jire and explodes, when a light is
introduced to it.

Provided atmospheric air be present.

Q.  Whyis carburetted hydrogen gas frequently
called MARSH GAs ?

A. Because it is generated in
meadonws and marshes from putrefying
vegetable substances.

See ignis fatuus, p. 97.
casd
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Q. What gas is evolved by the wick of a
burning caxprLk?

A. Carburetted hydrogen gas: The
carbon and hydrogen of the tallow combine
into a gas from the heat of the flame ;
and this gas is called carburetted
hydrogen, or inflammable air.

Q. Why do coan-MINEs so  frequently
EXPLODE 7 .

A. Because the carburctted hydrogen
gas (which is generated in these mines
by the coals) explodes, when a light is
incautiously introduced.

Q.  How can miners see in the 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 Si1r HuyMpHREY Davy ?

A. A very clever chemist, born in
Cornwall, 1778, and died 1329.

Q.  What kind of thing is the sareTY LAMP ?

A. Tt is a kind of lantern, covered
with a jfine gauze wire, instead of glass
or horn.
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Q.  How does this fine GAUZE WIRE prevent
an EXPLOSION in the coal mine ?

A. ltpreventsthe flamefrom commu-
nicating with the inflammable gas of the
mine.

N.B. The interstices of the gauze wire must not exceed
the 7th of au inch in diameter.

Q.  Why will not FLAME PASS THROUGH rery
Jine wire-gatzy ? ,

A. Because the metal wire is a very
rapid conductor of heat; and when the
{flame of gas (burning in the lamp) reaches
the wire gauze, so much heat is conducted
away by the wire, that the flame is
extinguished.

Q.  Docs the gas of the COAL-PIT yet THROUGH
the wire-guuze INTO the LANTERN 7

A. Yes; and the inflammable gas
ignites, and burns inside the lamp : As
soon as this is the case, the miner is in
danger, and should withdraw.

Q. Why is the miner in DANGER, if the gyas
wynites, and birns in the 1INSIbE of the safety-lanp ?

A. Because the heat of the burning
gas will soon destroy the wire gauze, and
then the flame (being free) will set fire
to the mine.
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CHAPTER XXI.

PHOSPHURETTED
HYDROGEN GAS.

Q. From what does the..very OFFLNSIVE
EFFLUVIA 0f CHURCH-YARDS arise ?

A. From a gas called PHOSPHURET-
TED HYDROGEN; which is phosphorus
combined with hydrogen gas.

Q. What is PHOSPHORUS ?

A. A pale amber-coloured substance,
resembling wax in appearance. The
word is derived from two Greek words,
which mean “ to produce or carry light.”
(PZc-Qépew).

Q. How ts PHOSPHORUS OBTAINED ?

A. By heating bones to a white
heat; by which means, the animal
matter and charcoal are consumed, and
a substance called “ phosphate of lime” is
left behind.
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Q. What is the PHOSPHATE OF LIME?

A. Phosphorus united to oxygen and
lime; when sulphuric acidis added,and the
mixture heated, the lime is attracted to
the acid, and pure phosphorus remains.

If powdered charcoal be added, phosphorus may be pro-
cured by distillation.

Q.  Of what is the lym,h,ble part of LUCIFER
MATCHES made ?

A. Of pho,aphorus; and above 250
thousand lbs. are used every year in
Loundon alone, merely for the manufac-
ture of lucifer matches.

Q. Why does a PUTREFYING dead BODY
SMELL o offensively ?

A. Because plosphuretted hydrogen
gas, always rises from putrefying animal
substances.

The escape of ammonia and sulphuretted hydrogen con-
tributes also to this offensive efluvia.

Q. What is the cause of the 16NI1S FATUUS,
Jack o’ Lantern, or Will o’ the Wisp ?

A. This luminous appearance (which
haunts meadows, bogs, and marshes)
arises from the gas of putrefying animal
and vegetable substances ; especially from
decaying fish.
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Q. What gases arise from these PUTREFYING
substances ?

A. Phosphuretted hydrogen, from
putrefying animal substances: and

Carburetted hydrogen, from decaying
vegetable matters. (see p. 203).

Q.  How is the gas of the ignis fatuus IGNITED
on bogs and meadows ?

A. Impure phosphuretted hydrogen
bursts spontaneously into flame, whenever
it mixes with air or pure oxygen gas.

If phosphorus is boiled with milk of lime, and the beak
of the retort be placed under water, bubbles of phosphuretted
hydrogen will rise successively through the water, and (on
reaching the surface) burst inte flame.

Q.  Why docs an ignis fatuus, or Will o’ the
Wisp, FLY from us when we RUN to MEET it ?

A. When we run towards an ignis
fatuus, we produce a current of air,
which drives the light gas forwards.

Q. Why does an ignis fatuus run AFTER us,
when we FLEE from it in fright ?

A. When we run amay from the
ignis fatuus, we produce a current in
the way we run, which attracts the light
inflammable gas in the same course.

Q. Isnot a kind of Jack o’ Lantern sometinies
produced by an INsEcT?
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s

A. Yes; a swarm of luminous
insects sometimes passes over a meadow,
and produces an appearance exactly like
that of the ignis fatuus.

Q.  BMay not many GuHOST stories have risen
Jrom some ignis fatuus lurking about church-yards?

A. Perhaps all the ghost stories
(which deserve any credit at all) have
arisen from the ignited gas of church-
yards lurking about the tombs, to which
Sfear has added its own creations.

CHAPTER XXII.

WIND. )

Q. Whatis wixp?

A. Wind is air in motion.

Q. What purs the air in motion, so as to
produce WIND ?

A. The, principal causes are the
variations of heat and cold ; produced by
the succession of day and night, and of
the_four seasons.
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y. Q.  What effect has BEAT upon the air ?
A. Heat rarefies the air, and causes
,it to expand.

. Q. How do you gNow that heat causes the
air to EXPAND ?

A. If a bladder kalf full of air (tied
tight round the neck), were laid before a
fire, the air would expand by the heat,
so as to f7ll the bladder.

Q. What gFrect is produced upon air by
RAREFACTION ?

A. Tt is made lighter, and ascends
through colder strata ; as a cork (putat the
bottom of a basin of water) would rise to
the surface.

Q.. How do you xNow that rarefied air
ASCENDS ?

A. When a boy sets fire to the cotton
or sponge of his balloon, the flame Aeats
the air; which becomes so light, that it
ascends, and carries the balloon with it.

Q.  What effect is produced upon a1r by coLp?

A. Air is condensed by cold, or
squeezed into a smaller compass; in
consequence of which, it becomes heavier,
and descends towards the ground.
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Q.  How do you xNow that air is CONDENSED
by corp ?

A. After the bladder is fully influ-
ted, (by lying before the fire,) if it be
taken away from the fire, the bladder
will collupse, and show that it is not half
full.

Q.  What is meant by the bladder * coLLAP-
sING ?”

A. The skin becoming wrinkled,
shrivelled, and flabby ; because there is
not sufficient air inside to fill it.

Q. How do you KNow that CONDENSED air
will pEscEND ?

A. As soon as the spirit in the cotton
is burnt out, the air inside the balloon
becomes cold again, and the balloon
fidls to the earth.

Q.  Does the sUN HEAT the AIR, as it does the
EARTH 7

A. No; the air is not heated by the
rays of the sun ; because air (like water)
is a very bad conductor.

Q. How is the a1r HEATED ?

A. By convection, thus:—The sun
heats the carth, and the earth heats the

Da
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air resting upon it ; the air thus heated
rises, and is succeeded by other air, which
is heated in a similar way; till all is
warmed by “ convective currents.”

Q.  Whatismeant by *‘ CONVECTIVE CURRENTS
of air 2"

A. Streams of air, heated by the
earth, which rise pwards and carry heat
with them. * ,

Q.  Is the air in a ROOM in perpetual motion,
as the air ABROAD is ?

A. Yes; there are always two currents
of air in the room we occupy; one of kot
air flowing out of the room, and another
of cold air flowing into the room.

Q. How do you gNow, that there are thess
TWO currents of air in every occupied room ?

A. If I hold a lighted candle near
the crevice at the top of the door, the
flame will be blown outward (towards the
hall) ; but if I hold the candle at the
bottom of the door, the flame will be
blown inwards (into the rooni).

N.B. This is not the case if a fire be in the room.
When a fire is lighted, an inward current is drawn through
all crevices.
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Q.  Why would the flame be blown oUTWARDS
(towards the HALL), if a candle were held at the
TOP of the door P

A. Because the air of the room being
warmed by the fire, &c., ascends; and
(floating about the upper part of the
room) some of it escapes through the
crevice at the top of the door, producing
a current of air outwards (into the kall).

Q.  Why wolld the flame be blown INWARDS
(into the roowm), if the candle were held at the
BOTTOM of the door ?

A. Because, (after the warm air of the
room has ascended to the ceiling, or
made its escape into the hall, %c.) a
partial vacuum is made at the bottom of
the room; and cold air from the hall
rushes under the door, to supply the void.

Q. What is meant by a “partial vAcuum
being made, at the BoTTOM of the ROOM P

A. A vacuum means a place from
which the air has been taken: and a
« partial vacuum”’ means, a place from
which a pdrt of the air has been taken
away. Thus, when the air on the floor
ascends to the ceiling, a partial vacuum is

made on the floor. Da2



304 WIND.

Q.  And how is the vacuuy filled ve again ?

A Ttis filled up by colder air, which
rushes (under the door, and through the
window crevices) into the room.

Q. Give me an ILLUSTRATION ?

A. If I dip a pail into a pond and
fill it with water, a hole (or vacuum) is
made in the pond as big as the pail ; but
the moment I draw the peil out, the hole
is filled up by the water around.

Q.  Show how this illustration APPLIES?

A. Theheated air, which ascendsfrom
the bottom of a room, is as much taken
away, as the water in the pail ; and (as
the void was instantly supplied by other
water in the pond) so the void of air is
supplied by the air around.

Q.  What is the CAUSE of WIND ?

A. The sun heats the earth, and the
ecarth heats the air resting upon it; as
the warm air ascends, the void is filled
up by a rush of cold air to the place ; and
this rush of air we call wiND.

Q.  Does the wiIND ALWAYS blow ?

A. Yes; thereis always some motion
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in the air; but the violence of the motion
is perpetually varying.

Q. Does the rotation of the earth upon its
axis affect the motion of the air ?

A. Yes in two ways. lst—As the
earth moves round its axis, the thin
moveable air is left somewhat bekind ; and,
therefore, seems (to a’stationary object)
to be blowing in the opposite direction to
the earth’s motion: and

2ndly—As the earth revolves, different
portions of its surface are continually
passing under the vertical rays of the sun.

Q. What do you mean by *“the VERTICAL
RAYS of the sux ™

A. When the sun is in a direct line
above any place, his rays are said to be
“vertical” to that place.

Q.  Illustrate the manner, in which the earth’s
surface passes under the vertical sun.

A. Suppose the brass meridian of a
globe to represent the vertical rays of the
sun; as you turn the globe round,
different parts of it will pass under the
brass rim, in constant succession.

Da3
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Q. Why is it NOON-DAY to the pluce over
which the SUN is VERTICAL ?

A. Because the sun is half-way
between rising and setting to that place.

Q. Show how this RroTaTiON of the earth
affects the A1r?

A. If we suppose the brass meridian
to be the vertical sun, the whole column
of air bencath will be heated by the noon-
day rays ; that part which the sun has
left, will become gradually colder and
colder ; and that part to which the sun
is approaching, will grow constantly
warmer and rarmer.

Q. Then there are THREE qualities of air
about this spot 2

A. Yes; the air over the place which
has passed the meridian is cooling : the
air under the vertical sun is the hotlest :
and the air which is over the place abou!
to pass under the meridian, is increasing
in heat.

See fig. on p 308. The column A (which the sun has
passed) is cooling; B is under the vertical sun: and C is
increasing in heat.

Q. Houw does this YARIETY in the HEAT of AIR
produce winp?
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A. The air always seeks to preserve
an equilibrium ; so cold air rushes into
the void, made by the uprard current of
the marm air.

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
hills and valleys, deserts, seas, &c.

Q. How can HILLS and MOUNTAINS ALTER
the course of the winp ?

A. Supposea wind (blowing from the
north) comes to a mountain ; as it cannot
pass through it, it must either rush back
again, or fly off at one side, (as a marble,
when it strikes against a wall).

Q. Do xouxtaiNs affect the wind in any
OTHER way ?

A. Yes; many mountains are capped
with snow, and the n'arm air is condensed,
when it comes in contact with them ; but
as soon as the lemperature of the wind is
changed, its direction may be changed
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 C; becanse
the air of B and C is kotter than A. But suppose now C to
be a snow-capped mountain: As the hot air of B reaches C,
it is chilled; and (beiung now colder than the air behind) it
rushes back again towards A, instead of following the sun.

Q. Hou can the oceAN affect the direction of
the wixp ?

A. When the ocean rolls beneath the
vertical sun, the water is not made so hot
as the land ; in consequence of which,
the general direction of the wind is
directed from tracts of ocean towards
tracts of land.

Q. Why is not the waTeRr of the sea made so
nor by the vertical sun, as the surfac: of the LAxD ?

A. 1st—Because the evaporation of
the sea is greater, than that of the land:

2ndly-—The constant motion of the
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water prevents the increase of tempera-
ture at the surface: and

3rdly—The rays of the sun strike into
the water ; in consequence of which, the
immediate surface is much less affected.

Q. Why does the EvaporaTiON of the sea
prevent its surface from being HEATED by the vertical
sun ?

A. As water absorbs heat, by being
converted into vApour ; the surface of the
sea is continually losing heat by evapora-
tion.

Q.  How does the MOTION of the sea prevent its
surfuce from being EATED by the vertical sun ?

A. As one portion is heated, it rolls
aray, and is succeeded by another ; and
this constant motion prevents the surfuce
of the sea from being heated, more than
any other part.

Q. Do croups affect the wisp?

A. Yes. As passing clouds screen
the direct heat of the sun from the earth,
they diminish the rarefuction of the air
also: and this is another cause why
neither the strength nor direction of the
wind is uniform.
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Q.  Would the winds blow regularly from east
to west, if these OBSTRUCTIONS were REMOVED ?

A. Without doubt. If the whole
earth were covered with water, the winds
would always follow the sun, and blow
uniformly in one direction.

Q. Do winds EVER blow REGULARLY ?

A. Yes; in those parts of the world,
which present a large surface of water, as
in the Atlantic and Pacific Oceans.

Q. What are the winds, which Ulow over the
AtLaNTIC and Paciric Oceans, called ?

A. They are called «“Trade Winds.”

Q. Why are they called ” TRADE WINDS"?

A. Because (as they blow uniformly
in one direction) they are very convenient
to those, who carry on trade by means of
these oceans.

Q. In what DIRECTION do the TRADF. WINDS

blow ?
A. That in the northern hemisphere

blows from the north-east: that in the
southern hemisphere from the south-east.
Q. Why do they not blow from the FULL
NORTH and SouTH ?
A. Because currents of air flowing
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Jrom the poles, give them an easterly
direction,

Q.  What is the cause of these currents of air
Jrom the POLES to the EQUATOR P

A. The air about the equator (being
constantly rarefied by the heat of the sun)
rises ; and cold air from the north and
south flows towards the equator, to restore
the equilibrium.,

Q. Is there an UPPER, as well as @ LOWER
CURRENT, ir the atmosphere ?

A. Yes; theupper current of rarefied
air is from the equator to the poles ; where
it is condensed, and returns again to the
equator, forming the lower current.

Q.  Why have these LOWER CURRENTS (from
the poles to the equator ) an EASTERLY tendency ?

A. All the atmosphere revolves with
the earth; but when a current of air
from the poles flows towards the equator,
it comes to a part of the earth’s surface,
which is moving faster than itself; in
consequenca of which, it is left behind,
and thus produces the effect of a current
moving in the opposite direction.

As the circumference of the earth at the equator is much
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lurger than the circumference of the earth at the poles; there-
fore, every spot of the earth’s equatorial surface must move
muckh faster, than the corresponding one at the poles.

N.B. As the earth revolves on its axis from west to east,
therefore, the air which is carried with it will seem to blow
from the west: As, however, the current of air from the
poles seems to blow iu the opposite direction, it will seem to
blow from the east (or to be an easterly wind).

Q. By what means then are the north-east and
south-east TRADE WINDS produced ?

A. By a combination of the two
motions of the polar currents; which
produces the intermediate directions of
the north-east and south-east.

Q. Are BoTH these motions of the polar
currents REAL?

A. No. The motion from the east
to west is only apparent. As the earth
revolves from west to east, the air carried
with it will be a west wind ; but the polar
currents seem to blow in the opposite
direction, merely because they have not
acquired the same velocity.

Q.  Ezemplify this effect with some familiar
ILLUSTRATIONS. 4

A. The sailing of a ship, by the force
of the wind on its sails: The flying of a
kite: The motion of fishes: The art
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of swimming: and the flight of birds,
are all instances of a similar mechanical
effect.

Q. Do trade winds blow from the north-east
and south-east ALL the YEAR ROUND ?

A. Yes, in the open sea ; that is, in
the Atlantic and Pacific Oceans, for about
30 deg* each side of the equator.

Q.  What do ghe north-easterly and south-
easterly trade winds produce, when they meet near
the equator ?

A. A region of calms, in which thick
foggy air, with sudden showers and
thunder-storms, prevail,

Q.  Isthisregion of calins FIXED in i position ?

A. No; it shifts its place, according
to the sun’s distance, and position in
regard to the equalor : being sometimes
entirely to the north of the equator, and
occasionally reaching as far as 2° south
of it.

Q. Do the TRADE WINDSs blow uniformly from
north-cast and sputh-east in the IND1AN OCEAN ?

A. No; nor yetin those parts of the
Atlantic and Pacific, which verge on the
continents.

La
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Q. How do the TRADE WINDS in the IND1AN
OcEaN blow ?

A. From April to October a south-
west wind prevails; from October to April,
a north-east.

Q.  What are these periodical currents of air

(which affect the neighbourhood of the Arabian,
Indian, and Chinese Seas) called ?

A. They are called MONSOONS.

Q. How far do the limity of the MONSOONSs
extend ?

A. They extend from the African
Shore to the longitude of New Guinea;
and are felt northward as far as the
parallel of latitude, which crosses the
Loochoo Isles.

The Loochoo Isles are about 24° north latitude, and 130°
east longitude.

Q. Whydo not the trade winds in the INDIAN
OCEAN blow south-west from April to October ?

A. Because (as Arabia, Persia,
India, and China, are exposed to the
enormous heat of their summer sun) the
air over them s so rarefied, that the
cold air from the south rushes towards
these nations, across the equator ; in con-
sequencé of which, a soUTH-WEST wind is
produced for siz months of the year.
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Q, To what distance does this SOUTH-WEST
wind prevail ?

A. From 3 degs south of the equator,
to the shores of the Arabian, Indian,
and Chinese Seas.

Q. Why do the trade winds (in the INDIAN
OcEAN) blou north-east from October to April ?

A. Because when the sun has left the
northern side of the equator for the south-
ern, then the southern part of the torrid
zone is most heated ; and the cold air from
the north (rushing ’towards the southern
tropic) is diverted to the NORTH-EAST,
where it continues for the other six
months of the year.

Q. Avre the monsoons as POWERFUL, as the trade
winds 2

A. They are far more so, and very
often amount to violent gales.

Q.  Why are the NONSOONS more TSEFUL 1o
the mariner, than the fivedl TRADE WINDS ?

A. Because the mariner is able to
avail himself of these periodic changes,
to go in owe direction during one half of
the year, and to refurn in the opposite
direction during the other half.

Ea2
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Q.  Howis the change of the monsoows marked 2

A. By an interval of alternating
calms and storms.

Q. Have the winds in ENGLAND any gencral
direction throughout the year ?

A. We generally find that easterly
winds prevail during the spring of the
year; and that mesterly winds are most
common in the summer and autumn.

S-West winds are most (reqnentl' in July and Angust.
N-East winds in January, March, April, May, and Jane;
but least frequent in July, September, and December.

Q. When are the wisDs in IiNGLAND
generally the Hi1GuEST?

A. The winds in December and Jan-
uary are generally the highest. Those
in February and November the next;
and those in August and September are
the least boisterous.

Q. Why are the winds of Europe generally
HIGHEST i DECEMBER and JANUARY ?

A. Because the sun is_furthest south
in those months; and (as the heat in
these northern regions rapidly decreases)
the contrast between our temperature and
that of the torrid zone is greater in
December and January, than in any other
two months throughout the year.
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Q.  Why does this CONTRAST of heat increase
the VIOLENCE of the wINDs ?

A. As the air always seeks to preserve
an equilibrium, therefore, 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
the most PLACID, during the months of SEPTEMBER
and Avcust? *

A. August? and September are our
warmest months, when we approach
nearer to the heat of the torrid zone, than
in any other tmwo months ; therefore, the
air (to and from the equator) moves with
less velocily in our northern hemisphere.

Q.  Show the cooDNEss and WispoM of Gop
in this constant tendency of air to equilibrivn.

A. If the torrid zone were not tem-

ered by cold air from the polar regions,
it would become so hot, that no human
being could endure it. If (on the other
hand) the polarregionswere 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 BENEFT-
CTALLY ?

z a3
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A. 1In the equatorial regions, the
great abundance of vegetable life is pro-
ductive of a very large amount of ozygen :
In the colder regions, artificial fires and
dense masses of animal life, produce
large quantities of carbonic acid: The
mingling of the polar and equatorial
atmosphere assists in supplying each of
these regions with the very gas, in which
it would be otherwise defective.

Q- Hou does the mingling of the roLAR «nd
EQUATORIAL atmosphere serve to supply each region
with the GAs it most requires ?

A. The plants of the EQUATORIAL
regions require carbonic acid ;—The
animals of the COLDER regions require
oxygen : By mingling of the polar and
equatorial atmosphere, the currents of air
from the Poles carry carbonic acid to the
equatorial plants ; and the aerial currents
from the Equator carry oxygen to the
colder regions, for the supply of animal
life which there abounds. .

Q. Why are East winps in  FEngland
generally pry ?

A. Because (as they come over the
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vast continents of Asia and Europe) they
absorb very little water.

Q.  Why does their imbibing so little water
make them DRY winds ?

A. Being thirsty when they reach our
island, they readily imbibe moisture from
the air and clouds; and, therefore, bring
dry weather. 4

Q. Why is $he NoRTH WIND w Iingland
generally coLp?

A. Tl north wind comes from the
polar regions, over mountains of snow,
and seas of ice ; in consequence of which,
it is very cold.

Q. Why are worrE wixps it Ingland
generally pry and biting?

A. As they come from regions colder
than our own, they are warmed by the
heat of our island ; and (as their tempe-
rature is raised) they absord moisture
from every thing they touch; in conse-
quence of which, they are both dry and
parching. -

Q.  Whyis the souTH WIND generally WiRm
in England ?

A. The south wind comes over the
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hot sandy deserts of Africa, and is heated
by the land it traverses.

Q.  Why does the sOUTH WIND often bring us
RAIN P

A. The south wind (being much
heated by the hot sands of Africa) imbibes
waler very plentifully, as it passes over the
Mediterranean Sea and British Channel.

Q Why does the saTvEaTIiON of the south
wind cause RAIN ?

A. As soon as it reaches our cold
climate it is condensed, and can no longer
hold all its vapour in suspension; in
consequence of which, some of it is
deposited as rain.

Q. Why are wgsT wiNps in England gen-
erally RAINY?

A. The west winds come over the
Atlantic 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 i1 a few minutes ?

A. Because some sudden change of
tempercture has condensed the vapour of
the ab info elouds.
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Q. Why are cLOUDS sometimes DISSIPATED
quite as suddenly ?

A. Because some dry wind (blowing
over the clouds) has imbibed their
moisture, and carried it off in invisible
vapour.

Q. Why does a sOUTH-WEST wind bring us
RAIN ?

A. As it comes from the torrid zone,
and crosses the? ocean, the hot wind is
laden with vapour; and as some of
the heat escapes (when it reaches our
northern island) the vapour is condensed,
and precipitated as rain.

Q. Why does @ NORTH-EAST wind RARELY
bring raIN?

A. As it comes from a climate colder
than our own, its capacity for imbibing
vapour is increased, when it reaches our
island ; in consequence of which, it dries
the air, dispels the clouds, and promotes
evaporation.

Q. Why does WIND sometimes bring RAIN,
and sometimes FINE weather ?

A: If the wind be colder than the
clouds, it will condense their vapour into
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rain : if the wind be warmer than the
clouds, it will dissolve them, and cause
them to disappear.

Q.  Why are MarcH winds DRY ?

A. Because they generally blow from
the east or north-east; and, therefore,
sweep over the continent of Europe.

Q. What is the UsE of MarcH winds ?

A. They dry the soi! (which is satu-
rated with the floods of February), break
up the heavy clods, and fit the land for
the seeds which are committed to it.

Q. Why is it said, that “ MARCH COMES IN
like @ LioN?”

A. Because it comesin with blustering
east winds, so essential to dry the soil,
which would otherwise rot the seed com-
mitted to it.

Q. Whydoes “Manch o our like a LAMB ?"

A. Because the water (evaporated by
the high winds) falls again in showers to
fertilize the earth, and breaks the violence
of the winds.

Q.  Why is it said, that *“ A bushel of Marcu
pUsT is worth the king's ransom 2

A. Because it indicates that there has
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been a continuance of dry weather ; and
unless March be dry, the seed will rot in
the wet soil.

Q. Whyis it said, “A prY cold Marca never
BEGS BREAD "

A. Because the dry cold winds of
March prepare the soil for seeds; which
germinate, and prodyce fruit in the
autumn. :

Q. Why is it said, that “A wer MaARcH
makes @ sAp autumn 2"

A. Because (if March be wet) so much
of the seed rots in the ground, that the
autumn crops are spoiled.

Q. Why is it said, that “ MARCH FLOWERS
make No swmmer Bowers '

A. Because (if the spring be very
mild) vegetation gets too forward, and is
pinched by the nightly frosts, so as to
produce neither fruits nor flowers.

Q. Why is it said, “A LATE sPRING makes a
FRUITFUL YEAR P’

A. Becayse (if the vegetation of spring
be backward) the frosty nights will do no
harni ; for the fruits and flowers will not
put forth their tender shoots, till the
nights become too warm to injure them.
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Q  Why is it said, that ‘ APRIL SHOWERS
bring May rLowERs ?”’

A. Because April showers supply the
principal nourishment, on which seeds
depend for their development.

Before seeds can germinate, three things are essential :—
Darkness, Heat, and Moisture.

Q.  Does raiN-water possess any fertilizing
properties BESIDES that of mere MOISTURE P

A. Yes; rain-water contains an
abundance of carbonic acid, and a small
quantity of ammo'nia ; to which much
of its fertilizing power may be attributed.

Ammonin is a compound of nitrogen and hydrogen.
Common hartshorn is only ammonia and water.

Q. Why has (God made NovEMBER « very
RAINY nonth ?

A. Because the rain hastens the
putrefaction of the fallen leaves; and this
makes the earth fertile.

Q.  Why is there MORE rain FROM SEPTEMBER
to MarcH, than from March to September ?

A. From September to March, the
temperature of the air is constantly
decreasing ; on which account, its capa-
city for holding vapour is on the decrease,
and the vapour is precipitated as rain.
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Q.  Why is there LESs rain FROM MAKCH (o
SePIEMBER, than from September to March ?

A. From March to September, the
temperature of the air is constantly
increasing ; on which account, its capa-
city for holding vapour is on the increase,
and very little is precipitated as rain.

Q. Why is the RISWNG SUN tn Ssununer
accompanied with ¢, BREEZE ?

A. Becausc the heat of the rising
sun stops the radiation of heat from the
earth, and warms its surface.

Q. How does this WARMTH produce a
BREEZE !

A. The air (vesting on the earth’s
surface) is warmed by contact—ascends
upwards,—and colder air rushes in to fill
up the void; which is the cause of the
morning breeze.

Q.  Why is there often an EVENING BREEZE
during the summer months ?

A. The earth radiates heat at sun-set,
and the air,is cooled down quickly by
contact: this condensation causes a
motion in the air, which is the evening
brecze.

Fa
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Q.  Why are TROPICAL ISLANDS always subject
to a SF.A-breeze every MORNING ; (1. e. a breeze blowing
Jrom the sea to the land ) ?

A. The solar rays are unable to
heat the surface of the sea, as they do the
earth ; therefore, the air resting on the
earth is more heated, than the air resting
on the see ; and the colder sea air blows
inland to restore the equilibrium.

Q. W hy is the LAND BREEZE UNHEALTHY ?

A. Because it is frequently loaded
with exhalations from putrefying animal
and vegetable substances.

Q. Why is the seA BREEZE fresh and
HEALTHY?

A. Because it passes over the fresh
sea, and is not laden with mnoxious
exhalations.

It is heulthy, therefore, to walk on the sea-Leach before
ten o’cluck in the morning; but unhealthy after sun-set.

Q.  Whyis there generally a fresh breeze from
the seA (in linglish watering places) during the
summer and autumn MORNINGS ?

A. As the land is more heated by the
sun, than the sea; therefore, air resting on
the land is hotter, than air resting on the
sea ; in consequence of which, cooler sea
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air glides inland, to restore the equili-
brium.

Q.  Why does the sEa BREEZE feel cooL ?

A. As the sun cannot make the
surface of the sea so hot as the surface
of the land; therefore, the air which
blows from the sea, feels cooler than the
air of the lund. .

Q. IWhy are grUPICAL ISLANDS subject to a
LAND BREEZE every EVENING ; (i. e. a breeze blowing
Jrom the land towards the sea) ?

A. The surface of land cools down
faster (after sun-set) than the surface of
the sea : in consequence of which, the
air of the cold land s condensed,—sinks
domn,—and spreads itself into the warmer
sea air,—causing the LAND BREEZE. .

Q. Why is the LAND BREEZE COOL ?

A. As the surface of the land is
cooled at sun-set quicker than the surface
of the sca ; therefore, the seaman feels
the air from the land to be chill.

Q.  Whyiis the TEMPERATURE of ISLANDS inore
EQUABLE, than that of CONTINENTS ?

A:. Because the water around the
island absorbs the extreme heat of

Fa?2
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summer; and gives out bheat to mitigate
the extreme cold of winter.

Q. Wiy does the sea round an island G1vE
ouT heat in winter ?

A. TUnless the sca be frozen (which is
rarely the case), it is warmer than the
frozen land; and, therefore, the warmth
of the sea air helps to mitigate the
intense cold of the land air.

Q. Wy are there WAVES in the sea ?

A. The wind (acting on the surface
of the sea) piles up ridges of mater,
which leave behind an indentation : as
the water on all sides rushes to fill up
this indentation, the disturbance spreads
on all sides, and billow rolls after billow.

Q.  Why does wisp in FEngland gencrally feel
coLD ?

A. Because a constantly changing
surface comes in contact with our body,
to draw off its heat.

Q- Why 4 a rooMm (cven without a fire)
generally WARMER, thzm the oPEN AIR ?

A. As the air in a room is not subject
to much change, it soon becomes of the
same temperature as our skin, and no
longer feels cold.
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Q. Why do we generally feel COLDER out-of-
doors ?

A. Because the air (which surrounds
us) is always changing ; and as fast as
one portion of air has become warmer by
contact with our body, anofler colder
portion surrounds us to absorb more heat.

Q. Why are mor Fpops made cooL by
BLOWING them ? ’

A. Blowing® causes the air (which
covers the hot food) to change more
rapidly ; in consequence of which, the
hot air is quickly blown away, and gives
place to fresh cold air.

Q. Why do ladies FAN THEMSELVES in hot
weather ?

A. By the action of the fan, fresh
particles of air are perpetually brought
in contact with the face ; and every fresh
particle of air absorbs some heat from the
skin.

Q.  Does the fan cooL the AIr?

A. No; it makes the air hotter, by;
imparting to it the heat out of the face: q
but it cools the face blown upon, by

transferring its heat to the air.
Fa3l
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Q Is the AIR in SUMMER ever so hot as our
lodies ?

A. No, not in Enrrland In the
hottest day in summer, the air of F ngland
is 15 or 20 degrees cooler, than the
human body.

Q  Houw fust does wind travel ?

A. A gentle breeze goes at about
"the rate of 5 miles an hour. A high
wind from 20 to 60. A’ hurricane from
80 to 100 miles an hour.

Q. How is the vELOCITY of WINDS ascer-
tained ?

A. By observing the velocitv of the
clouds; and by an instrument for_ghe

purpose.

This instrument is called an ANEMOMETER.

Q. How is the vEvrociTY of the cLoubs
ascertained ?

A. By observing the speed of their
shadow along the ground; which is
sfound (in a lngh wind) to vary from 20 to
60 miles an hour.
. Q. Why is there always a st'rony DRAUGHT
tluuuﬂz the kEYROLE ¢f a door ?

A. As the air in the room we occupy
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is #'armer than the air in the hall, there-
fore, the air from thelhall rushes through
the Leyhole into the room, and causes a
draught.

Q.  Why is there always a strong DRAUGHT
UNDER the DOOR, and throuyh the crevice on cach
side 2

A. The cold air rushes from the hall
under the door, &e. ifito the room,—to
supply the void, caused in the room by
the escape of warm air up the chimney,
&e.

Q. Why is there always a prAVGHT through
the WINDOW crevices ?

The external air (being colder,
the air of the room we occupy)’
rushes Tﬁrough the window crevices to
supply the deficiency, caused by the escape
of air up the chimney, &c.
Q. Why is there more DRAUGHT if yow open

the LoWER sast of a window, thun if you open the
UPPER sash ?

A. If the lower sash be open, the
cold external air will rush more freely
into the room ; but if the upper sash be-
open, the heated air of the room will rush
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out; and (of course) there will be less
draught.

Q. By which means is the RrooM better
VENTILATED ; by opening the lower or the upper sash ?

A. A room is better wventilated by

4 .
opening the upper sash; because the hot
vitiated air (which always ascends towards
the ceiling) can escape more easily.

Q. By which means is ¢ TOT ROOM more
quickly cooLED—DBy opening the upper or the lower
sash ?

A. A hotroom is cooled more quickly

by opening the lower sash ; because the
cold air can enter more freely by an under

current, than by one kigher up.
r Q.  Why does wiND DRY damp LI N?
A. Because dry wind (]if?eg a dry
sponge) imbibes the particles of vapour
from the surface of the linen, as fast as
they are formed.
Q.  Which is the HOTTEST PLACE in a church,
chapel, or theatre ?

A. The gallery.

Q. Why is the ALLERY of all public places
HOTTER, than the LOWER parts of the building ?
A. Because the heated air of the
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building ascends; and all the cold air
(which can enter through the doors and
windows) keeps to the floor, till it has
become heated.

Q.  I'hy do pLANTS often yrow out of waLLsq
and TOWERs ?

A. Because sometimes, the wind
blows the seed there wijth the dust; and
sometimes, birds (flying over) drop the
seed, which they had formerly eaten.

CHAPTER XXIII

-BAROMETER.

Q. W hat is @ BAROMETER ?

A. A weather-glass, or instrument to
measure the variations of the weight of
the air ; by means of which variations,
we may judge what weather may be
expected.

Q What is a THERMOMETER ?

A. An instrument to show how kot
or cold anything is.
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Q.  What is the DIFFERENCE befwecn @ THER-
MOMETER and @ BAROMETER ?

A. In a THERMOMETER the mercury
is sealed up from the air; and rises or
F('alls, as the varying temperature of the
air expands or contracts it: but

In a BAROMETER the mercury is left
exposed (or open) to the air; and rises
or falls, as the varying weight of the air
presses upon the open column.

Q. If the mercury of the thermometer be
SEALED UP from the air, how can the air Av¥ECT it ?

A. 'Theheatof theair (passingthrough
the glass tube into the mercury), causes it
to exzpand; andrise inthe tubeaccordingly.

Q. W hy is the TUBE of a BAROMETER left
OPEN ?

A. That the air may press upon it
freely ; and as this pressure is more or
less, the mercury rises or falls in 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 cannot affect the mercury.

Q.  How can weather be affected by the wWEIGHT
of the air ?

A. When air is moist, or filled with
vapour, it is lighter than usual ; and the
column of mercury stands low :
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When air is dry and free from vapour,
it is heavier than usual ; and the mercury
stands Aigh: Thus the barometer (by
showing the variations in the weight of’
the mr) indicates the changes of the
weather also.

Q. Why can you tell (by looking at a
BAROMETER) what XIND of WEATHER it will be P

A. Because_the melcury in the tube
rises and falls, a% the air becomes heavier
or lighter: und we can generally tell by
the weight of the air, what kind of weather
to expect.

Q.  Does the WEIGHT of the air VARY MUCH?

A. Yes; the atmosphere in England
varies as much as one-tenth part more or
less.

Q. What USE is @ BAROMETER to sailors ?

A. It warns them to regulate their
ships, before squalls come on.

Q. How can @ BAROMETER warn SAILORS fo
requlate their smips?

A. As the barometer indicates when
wind, rain, or storm is at hand, the sailor
can make his ship trim before it overtakes
him.
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Q.  .rethereany RULES,whick can be depended
on?

A. Yes; there are fen special rules
to direct us how to know the changes of
weather, by marking the mercury of a
barometer.

Q. Whkat is the 1ST SPECIAL RULE wilh
regard to the barometer ?

A. The barometer is highest of ull
during a long frost: and it generally
rises with a north-east wind.

Q- Why s the barometer mcrrsT of all during
« long ¥rosT ?

A. Because along frost condenses the
air very greatly ; and the more that air is
condensed, the greater is its pressure on
the mercury of the barometer.

Q.  Why does the barometer generally RISE
with a NORTH-EAST wind ?

A. Because NORTH-EAST winds make
the air both cold and dry : the air, there-
fore, is both condensed, and without
vapour.

Q. Wihat is the 2XD SPECIAL RULE with
reyard to the barometer ?

A. The barometer is lowest of all

v
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during a thaw, which follows a long frost :
itgenerally falls with souTHand WEsTERLY
winds.

Q.  Whydoes the barometer fall LoWEST of all,
at the BREAKING UP of a long FROST ?

A. 1st—Because the air (which had
been much dried by the frost) absorbs
the moisture of the fresh warm current of
wind from the south Jr south-west: and

2ndly—Thezsair (which had been much
condensed by the frost) is suddenly
expanded by the warm wind, which is
introduced.

Q.  Why does the barometer fall very low with
SOUTH and WEST winds ?

A. Because souTH and WEST winds
come heavily laden with vapour ; and
vaporiged air is lighter than dry air.

Q.  What effect has WIND on the mercury ?

A. The barometer is high, when the
wind blows between the EAsT and the
NoRTH; but it is low, when the wind
blows between the souTH and the wesT.

Q.  WaY do these winds affect the mevcury of
a harometer ?

A. Because the pressurc of the air is

Ga
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increased by cold winds, and diminished
by warm ones.

Q.  Whyis pressure of the air INCREASED 1with
cold winds from the norrH ?

A. Because (when the air is cooled by
winds from the north and east) it contracts,
and warmer air flows in from all sides to
fill up the vacuum; in consequence of
which, the volume 'of the air is increased,
and the barometer falls. -

Q. Why is the PRESSURE of the air DIMIN-
1sHED by warm winds from the souTH and WEST?

A. Because (when the air is keated
by south and west winds) it ascends, and
flows away in all directions; in conse-
quence of which, the volume is diminished,
and the mercury falls.

Q.  Whatisthe 3rD SPECIAL RULE with regard
to the baromeler ?

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 ¥o RAIN, if the AR be
very DRY ?

A. If the air be very dry, it will
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absorb moisture, and not part with
it in rain.

Q.  Why will there be No RAIN if the AIR be
very coLp ?

A. If the air be very cold, it is so much
condensed, that it has already parted with
as much moisture, as it can spare.

Q. Whatisthe ATH sPECIAL RULE with regard
to the larometer 2

A. When *the barometer stands
very low indeed, there will never be much
rain; although a fine day will seldom
occur at such times,

Q. W hat kind of WEATHER 1is there likely to
he, when the barometer is UNUSUALLY Low ?

A. Short heavy showers, with sudden
squalls of wind from the west.

Q. Why will there be VERY LITTLE RAIN if
the barometer be UNUSUALLY Low ?

A. Because the air must be very
warm, or very moist, or perhaps both.

Q.  Why will there be little or no rain, if the
AIR be very waRM P

A. If the air be very warm, it will
have a tendency to imbibe more moisture,
and not to part with what it has.

Ga?
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Q.  Why will there be little or no rain, if the
air be mo1sT, and the barometer remain very Low ?

A. If the air be ever so moist, rain
will never fall till cold air has been
introduced to condense the vapour ; and
the moment that the cold air is intro-
duced, the barometer will rise.

Q. What i3 the BTH SPECIAL RULE with
regard to the barometer'?

A. 1n summer-time: (after a long
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 be very sudden, a thunder-storm
is at hand.

Q. IWhat is the 6TH SPECIAL RULE with
regard to the barometer ?

A. When the sky is cloudless, and
seems to promise fair weather, if the
barometer be low, the face of the sky
will soon be suddenly overcast.

Q. What is the TTH SPECIAL RULE twith
regard to the barometer ?

A. Dark dense clouds will pass over
without rain, when the barometer 1is
high ; but if the barometer be low, it
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will often rain without any appearance of
clouds.

Q. What is the 8TH SPECIAL RULE utth
regard to the barometer ?

A. The higher the barometer, the
greater is the probability of fuir weather.

Q. Why is the barometer HIGH in TINE
weather ? .

A. Becauge the air in fine weather
contains very ULittle vapour. The drier
the air, the Ligher does the mercury of
the barometer rise.

Q. What is the 9TH SPECIAL RULE uith
regard to the barometer ?

A. When the mercury is in a rising
state, fine weather is at hand; but when
the mercury is in a sinking state, foul
weather is near.

Q. Why does the wmercury RISE at the
approach of FINE weather ?

A. Because the air is becoming
more dry ; and, therefore, its pressure is
greater,

Q. Why does the mercury SINK at the
approach of FoUL weather ?

Ga3
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A. Because the air is laden wnith
vapour, or disturbed by wind.

Q. Why does vAPOUR in the air malke the
mercury SINK ?

A. Because vaporized air is lighter
than dry air; and, therefore, its pressure
is less on the mercury of the barometer.

Q. What is the J0TH SPECIAL RULE with
regard {o the barometer ?

A. If (in frosty weather) it begins to
snow, the barometer generally rises to
30, where it remains as long as the
snow continues to fall ; if, after this, the
weather cleur up, you may expect very
severe cold.

Q. How can you know if the MERCURY of the
barometer be RISING ?

A. Ifthetop of the column be convex
(i. e. higher in the middle, than at the
sides), lt is in a rising state.

Q. How can you tell if the MERCURY of the
barometer be FALLING ?

A. Ifthe top of the column be concave
(i. e. kollow in the middle), "it is in a
Jalling state.

Q. Whky is the mercury CONVEX, when it is
RISING?
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A. The parts of the mercury in
contact with the tube, are delayed by the
glass; in consequence of which, the
middle part rises fuster than the sides; and
the surface is CONVEX.

Q.  Why is the mercury CONCAVE, when it is
FALLING ?

A. The parts of the mercury in
contact with the tube, are delayed by
capillary attraction ; in consequence of
which, the middle part sinks faster than
the sides ; and the surface is CONCAVE.

Q. W lat effect does a THUNDER-STORM produce
on the weather ?

A. 'Thunder is generally preceded by
hot weather, and followed by cold and
showery weather.

Q. What effect does @ SUDDEN CHANGE
of temperalure produce on the weather ?

A. A great and sudden change
(either from hot to cold, or from cold to
hot) is generally followed by rain within
24 hours.

Q. Why is a sudden CHANGE from HOT to
coLp followed by RAIN ?

A. The cold condenses the air and its
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vapour; which (being condensed) falls
in rain.

Q. Why is a sudden CHANGE from coLD to
HOT followed by RAIN?

A. Because the air is quickly satu-
rated with moisture; and as soon as
night comes on, the temperature is
lowered again, and some of the abundant
moisture falls in rain. .

Q.  Why is the air quickly sATURATED with
MOISTURE, when HEAT rapidly succceds coLD ?

A. Because the evaporation (which
was checked by the cold) is carried on
very rapidly, in consequence of the
diminished pressure of the air.

N.B. The less the pressure of the air, the more rapid
the evaporation of moisture.

Q.  When docs the barometer vARY MosT ?

A. In winter time.

Q. Why docs the baromcter vary MORE in
WINTER, than in SUMMER time ?

A. Because the difference of tempe-
rature between the torrid and temperate
zones is much greater ; and produces a
greater disturbance in the state of
the air.
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Q.  When does the barometer vARY LEAST ?

A. In summer time.

Q. Why does the barometer vary LESS tn
SUMMER, than in WINTER time ?

A. Because the temperature of our
island is so nearly equal to that of the
torrid zone, that its state is not much
disturbed by interchange of currents.

Q. Have HEAT and coLD any effect on the
barometer ? .

A. No,notof themselves; but because
cold weather is generally either dry, or
rough with north-east winds, therefore
the mercury rises in cold weather: And
because warm weather is often moist or
Janned by south-west winds, therefore,
the mercury sinks in warm weather.

Q.  Why is the mercury of a barcmeter LOWER
in the TORRID, than in the FRIGID zone ?

A. Because the warm air of the torrid
zone contains much more vapour;s than
the condensed air of the frigid zone ; and
the moister the air, the less is its pressure.

Q.  Inuwhdt MoxTHS is the barometer LIGHEST ?

A. In May and August; next to
these, in June, March, September, and
April.
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Q.  Inwhat MoNTHS is the barometer LOWEST ”

A. In Novemberand February ; then
in October, July, December, and Jan-
uary.

Q. What are the DRIEST months ?

A. March and June; then May and
August; then April and November.

-Q.  What are thg WETTEST months ?

A. October and February; then
July and September; then January and
December.

Q. Why is there LESs wet from MARrcH to
AvausT, than there is from August to March ?

A. Because the heat is constantly
increasing ; and the capacity of the air
to absorb and retain moisture increases
likewise.

Q. Why is there MORE wet from Aveusrt fo
MarcH, than there is from March to August ?

A. Because the heat is constantly
decreasing ; and the capacity of the air to
retain moisture decreases also; so that
(although it often rains) yet the air is
always on the point of saturation.

Q. Why does the mercury of a barometer
RISE in @ 7ROST ?
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A. Because frostcondensestheair; and
condensed air is heavier, than rarefied air.

Q.  Why does the mercury of a barometer FALL
in @ THAW ?

A. Because the air is filled with
vapour.

Q. What does a SUDDEN rise or fall of the
barometer indicate ?

A. Ifthe rise be sudden, fine weather
will not continue long :

If the fall be sudden, foul weather
will not continue long.

Q.  What sort of weather may we expect, if the
barometer be very FLUCTUATING P

A. If the mercury fluctuates much,
the weather will be very changeable and
unselttled.

Tee FALL oF THWX BAROMETER.

In very hot weather, the fall of the mercury denotes
thunder.

Except in very hot weather, the sudden falling of the
barometer denotes high wind.

In frosty weather, the fall of the barometer denotes thaw.

If wet weather happens soor after the fall of the barometer,
expect but little of it.

Tu wet weather if, the barometer falls, expect much wet.

In fair weather, if the barometer falls much and remuins
low, expect much wet in a few days, and probably wind.

N. B. The barometer sinks lowest of all for wind and rain
together; next to that for wind, (except it be an east or
north east wind).
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THE RISE OF THE BAROMETER.

In winter, the rise of the barometer presages frost.

In frosty weuther, the rise of the barometer presages snow.

If fair weather happens soon after the rise of the barom-
eter, expect but little of it.

In wet weather, if the mercury rises high and remains so,
expect continued fine weather in a day or two.

In wet weather, if the mercury rises suddenly very high,
fine weather will not last long.

N.B. The barometer rises highest of all for north and
east winds; for all olker winds it sinks.

THE BAROMETER UNSETTLED.

If the motion of the mercury be vnsetiled, expect unsettled
weather. '

If it stand at “MUCH RAIN” and rise to * CHANGEABLE,”
expect fair weather of short continuance.

If 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.

CHAPTER XXIV.

SNOW. HAIL. RAIN.

Q What is sxNow ? ’

A. The condensed vapour of the air
frozen, and precipitated to the earth.
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Q Wiat is the cAusE of sxow ?

A. When the air is nearly saturated
with vapour, and condensed by a current
of air below freezing point ; some of the
rapour is condensed, and frozen into
Snow,

A few years ngo, 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 uir of the hut, and its
vapour fell on the ﬂoor:in « shower of snow.

Q.  WWhy dees sNow full in WINTER time ?

A. Because the sun’s rays are too
oblique to heat the surface of the earth ;
and (as the earth has no heat to radiate
into the air) the air is very cold.

Q. What is the cause of SLEET !

A. When flakes of snow (in their
descent) pass through a bed of air above
Jreezing point, they partially melt; and fall
to the earth as half-melted snow, or sleet.

Q  What is the UsE of sNow ?

A. To keep the earth warm, and to
nourish it.

Q. Wuy can snow keep the EARTH WARM ?

A. Becauseitis a very bad conductor ;
in consequence of which, the earth, (which
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is covered with snow), very rarely descends
below freesing point, even when the air
is 15 or 20 degrees colder.

Q. Wiy is SNOW ¢ BAD CONDUCTOR of heat
and cold ?

A. Because air is confined and
entangled among the crystals, and air
is a very bad conductor ; when, therefore,
the earth is covered w1th snovw, it cannot
throw of its heat by radiation.

Q.  Tell me the words of the Psarmist (cxlvii.
16.) respecting snow ; and explain what he means.

A. The Psalmist says— The Lord
giveth snow like wool:” and he means
not only that snow is as white as wool,
but that it is also as warm as wool.

Q. Why is wooL wARM?

A. Because air is entangled among
the fibres of the wool; and air is a very
bad conductor.

Q. Why is sNow wWARM ?

A. Because air is entangled among
the crystals of the snow; and air is a very
bad conductor.

Q. W hy does snow NoURIsH the earth ?



WATER. 359

A. Because the contrast between the
night and day is very great. The hot
air absorbs moisture very abundantly
during the day ; but when it is condensed
by the cold night (being unable to retain
the same quantity of moisture), some of
it falls in rain.

CHAPTER XXV,

]

WATER.

Q.  Of what is WATER composed, ?

A. Water is composed of two gases,
oxygen and hydrogen.

In 9 1bs. of water, 8 are oxygen, and 1 is hydrogen.

Q. Why is WATER FLUID ?

A. Because its particles are kept
separate by latent heat; but when a
certain quantity of this latent heat is
driven out, water becomes solid, and is
called ice.

Q.  How can WATER be converted into a ¢as ?

A. By increasing its latent heat, the
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particles of water are again subdivided
nto invisible steam.

Q Wiy isrump uater called “ HARD water”

A. Because it is laden with forelgn
matters, and will not readily dissolve
substances immersed in it.

Q.  What mukes ruMmp-water BARD P

A. 'When it filters through the earth,
it becomes impregnated with sulphate of
lime, and many other impurities, from the
earths and minerals with which it comes
in contact.

Q. Wiy is it difficult to WASI our HANDS
clean with HARD water ?

A. Because the soda of the soap
combines with the sulphuric acid of the
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 snlphuric acid and lime,
Q.  Whyis it difficult to wash in sALT WATER ?
A. Because salt water contains mu-

riatic acid ; and the soda of soup combines
with the muriatic acid of the salt water,
and produces a cloudiness.
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Q. Why does @ BLACK HAT turn RED at the
SLA SIDE?

A. The muriatic acid of the sea-water
disturbs the gallic acid of the black dye,
and turns it red.

Q. Of what is soar made ?

A. Of kelp (or the ashes of sea-weed
dried and burnt in a pit) mixed with oil
or fat. .

YrrLow Soap is made of whale-oil, soda, and resin.  Sorr
soAP is made of oil and potash. IIArD soap of oil and soda.

Q.  Why does WATER CLEAN dirty LINEN P

A. Because it dissolves the stains,
as it would dissolve salt.

Q. Why does soap greatly INCREASE the
cleansing power of water ?

A. Because many of the stains are of
a greasy nalure ; and soap has the power
of wuniting with greasy matters, and
rendering them soluble in water.

Q.  Why s RAIN WATER SOFT ?

A. Because it is not impregnated
with earths and minerals.

Q Why is it MORE EASY to WASH icith sogy
water, than with HARD ?

A. Because it unites frcely with the

1a
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soap, and dissolves it ; instead of decom-
posing it, as hard water does.

Q. Why do woop ASHES make HARD water
SO¥T ?

A. 1st—Because the carbonic acid
of the wood ashes combines with the
sulphate of lime in the hard water, and
converts it into ckalk : and

2ndly—The ashes convert some of the
soluble salts of the watetr into insoluble,
and throw them down as a sediment; in
consequence of which, the water remains
more pure.

Q. Why has RAIN water such «n UNPLEASANT
SMELL, when it is collected in a rain water-tub
or tank ?

A. Because it is impregnated with

decomposed organic matter: s, washed from
roofs, trees, or the casks in which it is
collected.

Q. Why does WATER MELT SUGAR?

A. Because very minute particles of
water insinuate themselves into the pores
of the sugar, by capillary attraction ; and
force the crystals apart from each other.

Q. I7hy does warer MEL1L sArT?
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A. Because very minute particles of
water insinuate themselves into the pores
of the salt, by capillary attraction; and
force the crystals apart from each other.

Q.  Why does melted SUGAR or SALT give a
FLAVOUR {0 WATER ?

A. Because the sugar or salt (being
disunited into very minute pieces) floats
about the water,and mixes withevery part.

Q.  Why does’'tioT water melt sugar and salt
QUICKER than coLD water ?

A. Because the heat of the water,
entering the pores of the sugar or salt,
opens a passage for the water.

Q. Why is sEx-water heavy and brackish ?

A. 1st—Because it contains mines of
salt at the bottom of its bed :

2ndly—It is impregnated with bitu-
minous matter, which is brackish: and

3rdly—It contains many puirid sub-
stances, which increase its brackishness.

Q. Why is NOoT RAIN-water sALT, although
most of it is evaporated from the sea ?

A. Because salt will not evaporate ;
and, therefore, when sea-water is turned
to vapour, its salt is left behind.

ra?2
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Q. Why does STAGNANT wwaler PUTREFY ?

A. Because leaves, plants, insects,
&c. are decomposed in it.

Q. Why is staoNanT water full of worws,
EELS, dc. ?

A. Because numberless inscets lay

their eggs in the leaves and plants, which
float on the surface ; these eggs are soon
hatched, and produce swarms of worms,
eels, and insects.

Q.  Why are FLOWING walers FREE from these

1IMPURITIES P
A. 1st—Because the motion of run-

ning water prevents its fermenltation :

‘)nd]y—] t dissolves the putrid sub-
stances, which happen to fall into it: and

3rdly—It casts on the bank (by its
current) such substances, as it cannot
dissolve.

Q Why does RUNNING water OSCILLATE
and WHIRL in its current ?

A. 1st—Because it impinges against
its banks, and is perpetually diverted from
its forward motion: and

2ndly—Because the centre of a river
flows faster, than its sides.
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Q. Whydo the siDES of a river flow more
TARDILY, than ti8 CENTRE ?

A. Because they rub against the
banks, and are delayed in their current
thereby.

Q.  Why does s0APY water BUBBLE ?

A. Because the soap makes the water
tenacious ; and prevents the bubbles from
bursting, as soon as théy are formed.

Q. Why will not water bubble wiTHOUT SO0AP ?

A. Becauseitis not tenacious enough
to hold together the bubbles that are
formed.

Q. When sosr BUBBLES are bloun from a
pipe, why do they ASCEND ?
. Because they are filled with warm
breath, which is lighter than air.

CHAPTER XXVI.

s,

ICE.

Q. What is 1cE?
A. I'rozeN waTeER. When the air
1a3
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is reduced to 32 degrecs of heat, water
will no longer remain in a fluid state.

Q.  Why is sOLID ICE LIGHTER thail WATER ?

A. Because water ezpands by freez-
ing; and as the bulk is increased, the
gravity must be less.

Nine cubic inches of water become fern when frozen.

Q.  Whydo EWFRS BREAK in @ FROSTY NIGHT ?

A. Because the water in them freezes ;
and as the water is expanded by frost,
it bursts the ewers, to make room for its
increased volume.

Q. Why does it not expand UPwARDS (like
boiling water ), and RUN OVER P

A. Because the surfaceis frozen first ;
and the frozen surface acts as a plug,
which is more difficult to burst, than the
carthen ewer itself.

Q. Why do TILES, STONES, and ROCKS, often
SPLIT in winter ?

A. Because the moisture in them
freezes ; and, by its expansion, splits the
solid mass.

Q. In winter time, FOOT-MARKS and WHEEL-
RUTs are often covered with an icy NET-WORK,

through th interstices of which the soil is clearly
seen,—WuY does the water freeze in NET-WORK ?
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A. The waterin these hollows freezes
first at the sides of the foot-prints: other
crystals gradually shoot across the water,
and would cover the whole surface, if the
earth did not absorb the water, before it
had time to freeze.

Q. In winter time, these FOOT-MARKS and
WHEEL-RUTS «re soinetimess covered with a perfect
SHEI;T of ice, aml not an icy net-work,—Why is
THIS !

A. Theair bemy colder, and the carth
harder (than in the former case), the
entire surface of the foot-print is frozen
over, before the water is absorbed by the
earth.

Q.  Why is not the ice SOLID in these ruts P—
WHY i3 there only a very thin FILM or NET-WORK
of iice ? .

A. Because the earth absorbs the
water, and leaves the icy film behind.

Q.  Does not water expand by HEAT, as well as
by coLp?

A. Yes; it expands as soon as it is
more than '42 degrees, till it boils ; and
then it flies off in steam.

See figure on next page.
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Freezing water. Boiling water.
320 2120
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Here AB measures the bulk of a portion of water at
42 degrees.
It goes on increasing im bulk to CD, when it boils.
It also goes on increasing in balk tg EF, when it freezes.

Q. Why do warer-Pires frequently BURsT
in FROSTY weather ?

A. Because thewaterin them fieczes ;
and as the water erpands by frost, it
bursts the pipes, to make room for its
increased volume.

Q. WHEN does WATER begin o EXPAND from
cold ?

A. - Water (which is wisely ordained
by God to be an exception to a very
general rule) contracts till it is reduced
to 42 degrees, and then it expands till it

Sreeses.
Water freezes at 32°.

Q. Wavy does water expand when it Sreezes ?

A. Because it is converted into solid
crystals, which do not fit close, like the
particles of water.
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Q. Why is the water at the BoTTOM Of @ river
NEVER FROZEN ?

A. Because, when water is colder than
42 degrees, it instantly ascends to the
surface; and (if it freezes) floats there,
till it is melted.

Q.  Show the wispom of Gob in this wonderful
exception to a general law.

A. If ice were heavier than water, it
would sink; ajd a river would soon
become a solid block of ice, which could
never be dissolved.

Q.  Why does not the cold 1cE on the SURFACE
of a rirer CHILL the water BENEATH, and make it
Sreeze ?

A. 1st—Water is a very bad conduc-
tor,and is heated or chilled by coNvEcTION
only:

2ndly—If the ice on the surface’ were
to communicate its coldness to the water
beneath, the water beneath must com-
municate its heat to the ice, and the ice
would instantly melt : and

3rdly—The ice on the surface acts as
a shield, to prevent the cold air from
penetrating the river, to freeze it below
the mere crust.
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Q.  Why does WATER FREEZE at the SURFACE
Sirst?

A. Because the surface is in contact
with the air, and the air carries away its
heat,

Q. Wiy does the coat of ice grow TIICKER
and THICKER, if the frost CONTINUES ?

A. Because the heat of the water
(immediately below the frozen surface)
passes through the pores of the ice into
the cold air.

Q. Wy then are not WHOLE RIVERS FROZEN
(layer by layer ), till they become solid ice P

A. Because water is so slow a con-
ductor, that our frosts never continue
long enough, to convert a whole river into
a solid mass of ice.

Q. WWhy docs not RUNNING water freeze so
FAST as STILL water 2

A. 1st—Because the motion of the
current disturbs the crystals, and prevents
their forming into a continuous surface :
and

2ndly—The heat of the under surface
is communicated to the upper surface by
the rolling of the water.
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Q. When runNING water is FROZEN, why is
the 1cE yencrally very rouGnH ?

A. Because little flakes of ice are
first formed and carried donn the stream,
till they met some obstacle to stop them ;
other flakes ofice (impinging against them)
are arrested in like manner; and the
edges of the different flakes overlapping
each other, make the sarface rough.

Q. Why do SOME parts of @ RIVER FREEZE
LESS than oTHERSs !

A. Because springs issue from the
bottom, and (as they bubble upwards)
thaw the ice, or make it thin.

Q.  When persons FALL into @ RIVER in winter
time, why does the wATER feel remarkably warm ?

A. Because the fiosty air is at least
10 or 12 degrees colder than the water.

The water below the surface is at least 42°; buf the air
329, or even less.

Q. Wiy is sHALLOW waler FROZEN QUICKER
than DEEP water ?
A. Because (as the whole volume of

water must be cooled to 42 degrees,
before the sSurface can be frozen) it will
take a longer time to cool down a deep
bed of water, than a shallow one.
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Q. Why is SEA-WATER RARELY FROZEN?

A. 1st—Because the mass of water
is so great, that it requires a very long
time to cool the whole volume down to
42 degrees :

2ndly—The ebb and flow of the sea
interfere with the cooling influence of the
air: and

3rdly—Salt néver freezes, till the sur-
face is cooled down 24 degrees below
Sreezing point.

Q. Why do some LAKES RARELY (if ever)
FREEZE ?

A. 1st—Because they are very deep :
and

2ndly—Because their water is supplied
by springs, which bubble from the bottom.

Q.  Why does the DEPTH of the water RETARD
ils FREEZING ?

A. As the whole volume of water
must be reduced to 42 degrees, before
the surface will freeze,—the deeper the
water, the longer it will be before the
whole volume is thus reduced.

Q.  Why do sPriNGs at the bottom of a lake
PREVENT ils FREEZING ?
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A. Because they keep continually
sending forth fresh water, which prevents
the lake from being reduced to the neces-
sary degree of coldness.

Q. Whyis it COLDER in a THAW, than in a
FROST ?

A. When frozen water is thawed, it
absorbs heat from the air, &c. to melt
its ice; in consequerce of which, the
cold of the air is greatly increased.

Q. T Ay is it WARMER in @ FROST, than in a
THAW ?

A. When water freeses, it gives out
its lalent heat, in order that it may be
converted into solid ice; and, as much
heat is liberated from the water into the
atmosphere, the air feels narmer.

Q. Wiy does SALT DISSOLVE ICE? |

A. Water freezes at 32° but salt
and water will not freeze till the air is
25 degrees colder : if, therefore, salt be
added to frozen water it becomes liquid,
unless the thermometer stands below 7°,
(which it never does in our island).

Q.  Will any thing do INSTEAD of SALT?

A. Yes; any acid, such as sulphu-
ric, nitric, &c. Ka
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Q.  Why are saLT and sNow, mixed together,
colder than sNxow ?
A. When salt is mixed with snow,

it dissolves the crystals into a fluid;
and whenever a solid is converted to a
liquid, heat is absorbed, and the cold
made more intense.

Q.  Why does FrosT make the EARTH CRACK?

A. During the warm weather the
earth absorbs abundance of wmoisture,
which the winter fireezes: and (as water
expands by frost) the expanding water
thrusts the particles of earth apart from
each other, and leaves a chink or crack
behind.

Q.  Show the wispoxm of Gob in this arranye-
ment.

A. 'These cracks in the earth let in
the air, the dew, the rain, and many
gases favourable to vegetation.

Q. Whydoesthe FARTH CRUMELE tn SPRING?

A. In spring the ice of the clods
dissolres, and the particles of earth
(which had been held apart by the
expanded ice) are left unsupported, and
tumble into minute parts, (because their
cement ts dissolved).



FROST. 375

Q. Why does MORTAR CRUMBLE away in
FROST ?

A. Because it was not dried in the
warm wealher ; therefore, its moisture
freezes, expands, and thrusts the particles
of the mortar away from each other;
but (as soon as the frost goes) the water
condenses, and leaves the mortar full of
cracks and chigks.

Q. Why does sTUCCO PEEL from @ WALL in
FROSTY weather?

A. Because the stucco was not dried
in the warmn weather; therefore, its mois-
ture freezes, egpands, and thrusts its
particles away from the wall ; but as soon
as the water condenses again by the thaw,
the stucco (being unsuppmted) falls by
its onn weight.

Q. Why cannot BRICKLAYERS and PLASTER-
ERS work 1n FRoOSTY weather ?

A. Because the bricks and plaster
would start from their position, as soon
as the frost came and expanded the
mortar.

Q. Why do BRICKLAYERS COVER their work
with STRAW in spring and avtumn ?

Ka?Z2
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A. Because straw is a non-conductor,
and prevents the mortar of their new
work from freezing, during the cold
nights of spring and autumn.

Q.  Why are WATER-PIPES often covered with
STALL-LITTER n winter time ?

A. Because straw (being a non-con-
ductor) prevents the water of the pipes
from freezing, and the pipes _from
bursting. ’

Q. Why are delicate TREES covered with
STRAW in WINTER ?

A. Because straw (being a non-con-
ductor) prevents the sap of the tree from
being frozen.

Q. Can wATER be FROZEN in any way BESIDES
by frosty weather ?

A. Yes; in very many ways. For
example—a bottle of water wrapped in
cotton, and frequently wetted with ether,
will soon freeze.

Q. Why would WATER rREEZE if the boitle
were hept constantly wetted with ETHER ?

A. Because evaporation would carry
off the heat of the water, and reduce it
to the freezing point.



FREEZING MIXTURES. 377

Q.  Whydoes ETHER freeze under the RECEIVER
of an arn-pump, when the air is exhausted ?

A Because evaporation is very greatly
increased by the diminution of atmospheric
pressure ; and the ether freezes by evap-
oration.

FREEZING MIXTURES.

1. If nitre be dissolved in water, the heat of the liquid
will be reduced 16 degrecs.

2. If 5 oz, of nitr, und 5 of sal-ammoniac (both finely
powdered) be dissolved in 19 oz of water, the heat of the
liquid will be rcauced 40 degrees.

3. If 3 lbs. of snow be added to 1 1b. of salt, the
mixture will fall to 0° (or 82 degrees below freezing poiut).

‘'he two following are the coldest mixtures yet known.—

L. Mix 3 lbs. of muriate of lime with 1 1b, of snow.

2. Mix 5 Ibs. of diluted sulphuric acid with 4 1bs. of snow.

Q. IFhyis it more eusy to swiM in the sEa,
than in @ RIVER ?

A. Because the specific gravity of
salt water is greater than that of ‘fresh ;
and, therefore, it buoys up the swimmer
better.

Q.  How do cooks ascertain, if their BRINE be
SALT ENOUGH for pickling ?

A. Theéy put an egg into their brine.
If the egg sinks, the brine is not strong
enough ; if the egg floats, it is.

Ka3
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Q.  Why will the eec sINK if the brine be
NOT STRONG enough for_ pickling 2

A. As an egg is heavier than water,
it will sink if 1mmersed therein ; but
if as much salt be added as the water
can dissolve, the egg will float.

Q. Whuy will the GG FLOAT in strong BRINE ?

A. Because the specific gravity of
salt and water is greater than that of
water only.

Q.  Why do persons sINKk in water, when they
aré UNSKILFUL SWIMMERS ?

A. Because they struggle to keep
their keads out of water.

Q.  Houw does struggling ““to kecp their rEAD
our of water” make them siNk?

A. When the head is thrown back
boldly into the water, (as the body is
altogether lighter,) the mouth is lxept
above the surface, and the swimmer is
able to breathe :

But when the skull is kept above the
surface of the water, the chin and mouth
sink beneath it, and the swimmer is
suffocated.

This may be illustrated thus:—If a piece of wood be of
such specific gravity, that only two square inches can float
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nut of water; it is manifest, that if two other inches are
raised ont, the two former inches must be plunged in. The
body (iun floating) resembles this piece of wood—If two
sqnare inches of the jace float out of the water, the swimmer
can breathe; but if part of the back and crown of the head
be forcibly raised ubove the surface, a proportionable
quantity of the face must be plunged in; and the mouth is
covered.

Q.  Whycan QUADRUPEDS Swim MORE EASILY
than maN?

A. 1st—Because the trunk of quad-
rupeds is lighter than water; and this is
the greatest pdrt of them: and

2ndly—The position of a beast (when
swimming) is a natural one.

Q Why is it MORE DIFFICULT for @ MAN lo
swim, than for a Beast?

A. 1st—Because his body is more
heavy in proportion, than that of a beast :
and

2ndly—The position and muscular
action of a man (when swimming) differ
greatly from his ordinary habits; but
beasts swim in their ordinary position.

Q. Why can PAT men sWIM 0o0re EASILY
than sPARE nen ?

A. Fat is lighter than water ; and the
Jatter a man is, the more buoyant will
he be.
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Q. How are visugs able to AscEND to the
SURFACE of water ?

A. Fishes have an air-bladder ncar
their abdomen: when this bladder is
Jilled with air, the fish increases in size;
and (being lighter) ascends through the
water to its surface.

Q. How are fishes able to DIVE in a minuic
to the BoTTOM Of @ stréam ?

A. They expel the air.from their air-
bladder ; in consequence of which, their
size is diminished, and they sink instantly.

CHAPTER XXVII.

———

LIGHT.

Q. I hat is LicuT ?

A. Rapid undulations of a fluid called
ether, which are made sensible to the eye,
by striking on the optic nerve,

See p. 47.
Q. How FAST does LIGHT TRAVEL ?
A. Light travels so fast, that it would
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go eight times round the earth, while a
person counts ‘“ ONE.”

Q.  Does aLL light travel equally fast ?

A. Yes; the light of the sun,—the
light of a candle,—or the light from
houses, trees, and fields.

Q.  Where does the LIGHT of HOUSES, TREES,
and FIELDS, come from ? -~

A. The light of the sun (or of some
lamp or candl€) is reflected from their
surfaces.

Q. Why are soME surfaces BRILLIANT (like
glass and steel ), and oTHERs DULL, like lead ?

A. Those surfaces which reflect the
most light, are the most brilliant ; and
those which absord light are dull.

Q.  What is meant by REFLECTING LIGHT?

A. Throwing the rays of light back
again, from the surface on which they
fall.

Q.  What is meant by ABSORBING LIGHT ?

A. Retaining the rays of light on
the surfacé on which they fall ; in conse-
quence of which, their presence is not
made sensible by reflection.
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Q. W&Ay can a THOUSAND persons SEE the
SAME OBJECT at the same time ?

A. Because it throws off from its
surface an infinite number of rays in all
directions; and one person sees one
portion of these rays, and another person
another.

Q.  Whyisthe EYE PAINED by a SUDDEN light ?

A. Because the nerve of the eye is
burdened with rays, before the pupil has
had time to contract.

Q.  Why does it give us PAIN, if a CANDLE be
brought suddenly towards our BED at night time ?

A. In the dark, the pupilis of the eyes
dilate very much, in order to admit more
rays. When a candle is brought before
them, the enlarged pupils allow the nerves
behind to be overladen with rays, which
causes pain.

Q.  Why cAN we BEAR the candle-light after
a few moments ?

A. Because the pupil contracts again
almost instantly ; and adjusts itself to the
quantity of light, which falls upon it.

Q. Whycan we SEE NOTHING, when we leave

@ WELL-LIGHTED room, and go into the DARKER
ROAD or slrest ?
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A. Because the pupil (which con-
tracted in the bright room) does not
dilate inslantaneously ; and the contracted
pupil is not able to collect rays enough
(from the darker road or street) to enable
us to see before us.

Q. Why do we sEE BETTER, when we get
USED to the dark ? .

A. Because the pupil dilates again,
and allows moré rays to pass through its
aperture ; in consequence of which, we
see more distinctly. N

Q.  If we look at the suN for a few moments,.
why do all oTHER things appear DARK ?

A. Because the pupil of the eye
(which was wvery much contracted by
looking at the sun) is too small to collect
sufficient rays from other objects, to €nable
us to distinguish their colours. (See
“accidental colours.”)

Q. If we watch a bright FIRE for a few
moments, why does the ROOM Seen DARK P

A. Beciuse the pupil of the eye
(which was very much contracted by
looking at the fire) is too small to collect
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sufficient rays from the objects around,
to enable us to distinguish their colours.

Q. Why can we see the PROPER COLOUR of
every object again, after a few minutes ?

A. Because the pupil dilates again,
and accommodates itself to the light
around.

Q. Why can T1GERS, CATS, and OWLS, see in
the pARK ?

A. Because they have the power of
enlarging the pupil of their eyes, so as to
collect several scattered rays of light; in
consequence of which, they can sece
distinctly, when it is not light enough for
us to see any thing at all.

Q. Why do cars and owwrs SLEEP almost
all pay?

A. As the pupil of their eyes is very
broad, daylight fatigues them; so, they
close their eyes for relief.

Q.  Why do cars kecp WINKING, when they
sit before a FIRE P

A. As the pupil of their eyes is very
broad, the light of the fire pains them;
and they keep shutting their eyes, to
relieve the sensation of too much light.
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Q. Why do T1GERs, CATS, OWLS, d¢. PROWL
by N1HT for prey?
A. As these animals cannot see

distinctly in strong daylight, they sleep
during the day: and as they can see
cleally in the dark, they prowl then for
prey.

Q. Why do GLow-wonms glisten by N1GHT
only

A. Becausg the llrrht of day is so
strong, that it eohpses the feeble light of
a glow-worm : in consequence of which,
glow-worms are invisible by day.

Q. Why can we Nor see the STARs in the
DAY-TIME ?

A. Because the light of day is so
powerful, that it eclipses the feeble light
of the stars: in consequence of which,
they are invisible by day.

Q.  Why can we see the sTARs even al MID-DAY,
Jrom the bottom of a deep WELL ?

A. As the rays of the sun never come
directly over a well (in these regions), but
the rays of ‘many stars do; therefore, the
light from those stars (in such a situation)
is more clear, than the light of the suxn.

L&
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' Q. What is the USE of TWo EYLS, sunce they
present only one image of any object ?

A. The use of two eyes is to increase
the light, or take in more rays of light
from the object looked at; in order that
it may appear more distinct.

Q. Whydo we Nov see things DOUBLE. with
TWO EYES P

A. 1st—Because the a.ris of both
eyes is turned to one object ; and, therefore,
the same impression is made on the retina
of each eye: and

2ndly—The nerves (which receive the
impression) have one point of wunion,
before they reach the brain.

This is not altogether satisfactory, although it is the
explanation generally given. The phenomenon probubly is
rather psychological, than material.

Q. Why do we SEE OURSELVES i @ GLASS ?

A. The rays of light from our face
strike against the surface of the glass, and
(instead of being absorbed) are reflected,
or sent back again to our eye.

Q. Why are the rays of light REFLECTED by
@ MIRROR?

A. Because they cannot pass through
the impenetrable metal with which the
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back of the glass is covered; so they
rebound back, just as a marble would do,
if thrown against a wall,
Q. When a marble is volled towards a wall,
what is the patlh 1THROCGH WHICH IT RUNS called ?
A. The line OF INCIDENCE.

Q. Hhen a marble REBOUNDs back again,
what is the path it THEN deseribes called ?

A. The line OF REFLECTION.

See figure on p. 388. If AB be the line of incidence,
then BC is the line of reflection: and vice versa.

Q.  When the light of our face goes TO the
GLAsS, what is the path through which it goes
CALLED ?

A. The line of incidence.

Q. Whenthe light of our face is reflected BACK

again from the mirror, what is this RETURNING path
ealled ?

A. The line of reflection.

Q. IT"hat is the ANGLE of incidence ?
A. The angle between the line of
incidence and the perpendicular.

Q.  TWRat is the ANGLE of reflection ?
A. The angle between the line of
reflection and the perpendicular.

See figure on next page.
LaZ2
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Let SS be any surface, PB a perpendicular to it.—If a
marble were thrown from A to B, and bounded back to C; |
then ABP would be called the angle of incidence, and CBA -
the angle of reflection.

Q.  Why does our reflection in a mirror seem
to APPROACH u8, as we walk TOWARDS it; and to
RETIRE FROM 8, as WE retire ?

A. Because the lines and angles of
incidence are always equal to the lines and
angles of reflection ; in consequence of
which, the image will always seem to be
as far behind the mirror, as the real object
is before it.

K e




REFLECTION 1IN A MIRROR. 389

Suppose A to be a mirror—CA, EA and DA, FA the lines
of incidence ; then GA, KA and HA, and LA are the lines of
reflection. When the arrow is at CD, its image will appear at
GH,becauseline CA==GA,andline DA _=HA;andulso the angle
CAB=angle GAB, and angle DAB=_1IAB. For a similar
reason,if the urruwwere at EFthe imagewould seem tobe at KL.

Q. Why can a man see his WHOLE PERSON
reflected in @ LITTLE MIRROR, not 6 inches in length ?

A. Because the lines and angles of
incidence are always equal to the lines and
angles of refleclion ; In consequence of
which, his image will seem to be as far
behind the mirror as his person is beforeit.

Take the last figure—CD is much larger than the mirror
AB; but the head of the arrow C is reflected obliquely
behind the mirror to G; and the barb D appears at H.—
Why? Because line CA=AG and line DA—HA; also
the angle CAB=—=angle GAB, and angle DAB-=HAB.

Q. Why does the IMAGE of any object in
WATER always appear INVERTED ?
A. Because the angles of incidence

are always equal to the angles of reflection.
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Here the arrow hend A strikes the water at F, and is
reflected to D; and the barb B strikes the water at E, and
is reflected to 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 the more elevated ohject A will strike
the water, and be projected from it more perpendicnlarly,
than the point B; and, therefore, the image will seem inverted.

Q.  When we see our REFLECTION iR WATER,
why do we seem to STAND on our HEAD?

A. Because the angles of incidence
are always equal to the ungles of reflection.

Suppose our head to be at A, und our feet at B; then the
shadow of our head will be seen at D, and the shadow of
our feet at C. (Sce last figure p. 38Y).

Q. Why do wWINDOWS 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.

Q.  Why do Nor windous reflect the NOON-DAY
rays also ?

A. They do, but the reflection is not
seen.

Q. Why is the reflection of the risiNe and

SETTING Sun seen in the window, and Not that of the
NOON-DAY sun ?
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A. As the angle of incidence always
equals the angle of reflection, therefore
the rays of the noon-day sun enter the
glass too obliquely for their reflection to
be seen.

Sun near noon.
A
/ .
/ °
o q —— Sun neax the Lorizon
B “““““

L'_:‘,J T .~ K

Here AB represents a ray of the noon-day sun striking
the window at B; its reflection will be at C:

Buat DB (a ray of the rising or setting sun) will e
reflected to E (the eye of the spectator).

Q. Why can we not see the REFLECTION of
the SUN in @ WELL, during the day-time ?

A. Because the rays of the suN fall
so obliquely, that they never reach the
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surface of the water at all, but strike
against the brick sides.

THE 7

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 outside the
well.

None will ever touch the water DE.

Q.  Why are the STARS REFLECTED ¢n @ WELL,
although the sux is NoT ?

A. The rays of those sTARs which
pass nearly over lead, will not fall so
obliquely into the well, as the rays of the
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sun and moon ; in consequence of which,
they may be reflected from the water there.

THE MOON OR ASTAR

Here the star’s rays AB, AC, both strike the water DE,
and are reflected by it.

Q. In a sheet of water at moon, the sun
appears to shine upon only oNE spot, and all the
REST of the water seems DARE,—WHY is this P

A. Because the rays (which fall at
various degrees of obliquity on the water)
are reflected at similar angles; but as
only those which meet the eye of the
spectator are visible, all the water will
appear dark, but that one spot.
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S THESUN

Here of the rays SA, SB, and SC, only the ray SC' meete
the eye of the spectator I.

The spot C, therefore, will appear luminous to the spec-
tator D, but no other spot of the water ABC.

Q.  On «lake of water the MooON seems 1o make
a PATH of light towards the cye of the spectator, while
all the REST of the luke seems DARK,—Wnv is this ?

A. By pay, the glare of the sun upon
the lake eclipses the feebler reflections,
and leaves only the most luminous spot
visible to the spectator; but

By ~1cHT, the lake is in deep shadow,
and the whole path of light is distinctly
visible.

Q. Why are MOoRE STARS wisible from a
MOUNTAIN, than from a PLAIN ?

A. As the air absorbs and diminishes
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light, the higher we ascend, the less light
will be absorbed.

Q.  TVhy docs the StX seem LARGER at his
RISING and SETTING, than it does at NOON ?

A. Because the earth is surrounded
by air, which acts like a magnifying glass ;
und when the sun is near the horizon
(as its rays pass through more of this air),
it appears larger.

H

Here SC represents a ray of the sun at noon, and MC a
ray of the sun near the horizon.

DEG represents the air or atmosphere nrovnd the earth.

Beeause EC is longer than DC, therefore the rays of the
sun at M pass through more air, than the rays of the sun at
S: and the effect of refraction in magnifying is increa~ed.
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Q.  Why does the RisiNG and SETTING MOON
appear so much LARGER, than after it i3 risen
higher above our heads ?

A. Because the earth is surrounded
by air, which acts like a magnifying glass ;
and when the moon is near the horizon
(as its rays pass through more of this
air) it appears larger. (See last igure p. 305).

Q. When CANCLES are LIGHTED, ¢ CANNOT
SEE into the sTREET or road,—WHY is this ?

A. 1st—Because glass is a reflector,
and throws the candle-light back into the
room again ; and

2ndly—The pupil of the eye (which
has become contracted by the light of the
room) is too small to collect rays enough
from the dark street, to enable us to see
into it.

Q  Why do we often see the FIRE REFLECTED
in our parlour WINDOW in winter time ?

A. Because glassis a good reflector ;
and the rays of the fire (striking against
the window-glass) are reflected back into
the room again.

Q. Why do we often see the image of our
CANDLES in the window, while we are silting in our
parlour?

A. Pecause the rays of the candle



REFLECTION. 397

(striking against the glass) are reflected
back into the room : and the darker the
night, the clearer the reflection.

Q. Way is this reflection more clear, if the
external AIR be DARK?

A. Because the reflection is not then
eclipsed by the brighter rays of the sun,
striking on the other sidg of the window.

Q. Why i the SIIADOW of an object (throun

on the wall) LARGER and largeér, the CLOSER the
object is held to the CANXDLE ?

A. Because the rays of light diverge
(from the flame of a candle) ir straight
lines, like lines drawn from the centre of
a circle.

B
Here the arrow A licld close to the eandle, will east (he
M a
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shadow BF vu the wull. while the same arrow held at C,
would cast ounly the little shadow DE.

Q.  When we enter a long AVENUE of TREES,
wHY does the avenue seemn to get NARROWER and
narrower, till the Lo sides uppear to NEET P

A. Bccause thé further the trees are
off, the mcre 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 a lony straight STREET, WHY do the
houses on the opposite sides seem to APPROACH
NEARER tugcther, as they are more DISTANT ?

A. Because the more distant the
houses are, the more acute will be the
angle, which any opposite two make with
our cye.

Thus in the last figure—
1A and B were two Lionses at the Zop of the street, the
tres t woult sectn to he s wide as the line AB:
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And if C and D were two houses at the hotlom of the
street, the street there would seem to be no wider than EF.

Q. In an AVENUE, wiy do the TREES sccm
to be SMALLER, as their distance increases ?

A. Because the further the trees are
off, the more acute will be the angle
made by their perpendicular height with
our eye.

Ilere the first tree AB will appear the height of the line
ADB; bhut the last tree CD will appear ouly as high as the
line EF.

Q. In a long straight STREET. wny do the
houses seent to be SMALLER and sinaller, the FURTHER
they are oFF ?

A. Because the further any house is
off, the more acute will be the angle made
by its perpendicular height with our eye.

Thug in the last fignre—
If AB be a house at the top of the street, its perpendicular
height will be that of the line AB.
If CD be a house at the bottom of the street, its perpen-
dicular height will appear to be that of FF.

Ma2
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Q. Why does a man on the 10p of @ MOUN
TALN, or chureh spire, seem to be no BIGGER than a
crow?

A. Because the angle made by the
perpendicular height of the man (at that
distance) with our eye, 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
BIGGER than the STARS, though in fact it is a great
deal sSWALLER?

A. Because the moon is very much

nearer to us, than any of the stars.
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Let AB represent a fixed star, and CD the moon.

AB, thongh much the larger body, will appear no Ligger
than EF ; whereas the moon (CD) will appear as large as the
line CD to the spectator G.

The mooun is 240,000 miles from the earth, not quite a
quarter of a million of miles. The nearest fixed stars are
20,000,000,000,000.  (i. e. 20 billions.)

If a ball went 500 miles an hour, it would reach the moon
in twenty days: but it would not reach the nearest fixed
star in 4,500,000 years. Had it begun, therefore. when
Adam was created, it would be no further on its journey,
than a couch (which has to §o from the Land's End,
Cornwall, to the most northern parts of Scotland) after it
luas past about three-quarters of a mile.

Q.  Wly does the mooN (which is a sphere)
APPEAR to be « ¥LAT surface ?

A. Because it is so far off, that we
cannot distinguish any difference, between
the length of the rays which issue from
the edge, and those which issue from
the centre.

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 thercfore
ABC will look kike u flat or straight line.

The rays AD and CD are 240,000 miles long.

The ray BD is 238,910 miles long.

Q. Why do the suN and sTARs (which are

spheres ) appear to be FLAT surfaces #
va l
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A. Because they are such an immense
way off, that we can discern no difference
of length, between the rays which issue
from the edge, and those which issue
from the centre of these bodies.

The rays AD and CD appear no longer than BD; and as
B appears to be no nearer than A or C, therefore ABC must
all seem equally distant; and ABC will seem a flat or
straight line. (See last figure, p. 401).

Q. Why does DISTANCE wmake an object
INVISIBLE ?

A. Because the angle (made by the
perpendicular height of the distant object
with our eye) is so very acute, that one
line of the angle merges in the other.

Here the tree AD wonld not be visible to the spectator C,
even if he were to approach as far as B; because no visible
perpendicular can be inserted between the two lines AC,
DG, till after the point B is past; when the tree will appear
like a very little speck. '

Q. Why do TELESCOPES enable us to SEE
oljects INVISIBLE to the naked eye ?
A. Because they gather together
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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.

L]
Q.  When a sHIP (out at sea) is approaching
the shore, why do we SEE the small MAsTS before we
see the bulky mvLL ?

A. Because the earth is round ; and
the curve of the sea hides the hull from
our eyes, after the tall masts have become
visible.

Here only that part of the ship above the line AC, can be
seen by the spectator A; the rest of the ship is hidden by
the swell of the curve DE.

Q.  What is meant by REFRACTION ?

A. The bending of a ray of light,

as it passes from one medium*to another.
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Q. How is a ray of light BENT, as it passes
Jrom one medium to another ?

A. When aray of light passes into a
denser medium, it is bent fowards the
perpendicular. 'When it passes into a
rarer medium, it is bent from the per-
pendicular.

Suppose DE to be a perpendicular line.

If AB (a ray of light) enters the water, it will be bent
towards 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. Why does a spooN (in a glass of water)
always appear BENT ?

A. Because the light (veflected from
the spoon) is refracted, as it emerges from
‘the water.

Aud the spoon looks like ABC. (See the last figure.)
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Q. IWhy does a river always appear more
shallow, than it really is ?

A. Because the light of the bottom of
the river is REFRACTED, as it emerges out
of the water: and (as a stick is not so
long when it is bent, as when it is straight)
so the river seems less deep, than it
really is.

Q.  How much deeper s a river, than it seems
to be ? .

A. One-third. If, therefore, a river
seems only 4 feet deep, it is really 6 feet
deep.

N.B. Many boys get out of their depth in bathing, in
consequence of this deception. Remember, a river is
alwuys one-third deeper, than it appears to be :—thus, if a
river seems to be 4 feet deep, it is in reality 6 feet deep,
and so on.

Q.  Why do fishes always scem to be nearer
the surface of a river, than they really are 7

A. Because the rays of light from the
fish are refracted, as they emerge from the
eye: and (as a bent stick is not so far
from end to end, as a straight one), so the
fishes appear nearer our eye, than they
really are.

Q.  Why are some persons NEAR-SIGHTED P

A. Because the cOrR'NEA bf their eye
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is so prominent, that the image of distant
objects is formed, before it reaches the
RET'INA; and, therefore, is not distinctly
seen.

Q.  What is meant by the * cor'NEA of the
EYE ?”

A. All the outside of the visible part
of the eye-ball.

,.;;/W% The curve ABC is called the
o .,),1'41”':-:" = COB’NEA.

v ’4'(
L'

N If this eurve be too prominent

(orconvex),the cyeisnear sighted.

If too flat (or coneave), the eye
is far-sighted.

Q. What is meant by the “RETINA of the
EYE !

A. The net-work, which lines the
back of the eye, is so called.

The net work ABC is called the ret’-
c D ina, and the projecting part DEY is
B  E called the cor'nea.

\ i N. B. This net-work is composed of

A 1" a spreading-out of the fibres of the
,;\/ = nerve of vision.

Q. What sort of cLASSES do NEAR-SIGHTED
persons wear ?

A. If the cornea be too convex (or
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projecting), the person must wear double
concare glasses, to counteract it.

Q. What is meant by * DOUBLE CONCAVE
GLAssEs ?”

A. Glasses hollowed-in on both sides.
The figurc A is double conecave, or concave on
A both sides.

L]
Q What is meant by the “1MAGE of objects
being formed, BEVORE %t reaches the RETINA Y
A. 1If the cormea be foo convex, the
image of a distant object is formed in the
vitreous humours of the eye, and not on
the ret'ina.

A
E
B,\ Thus the image is formed at Dk ;

/ and not on ABC (the retina). o

Q. TWhat is the use of DOUBLE CONCAVE
SPECTACLE yflasses ?

A. To cast the image further back ;
in order thatit may be thrown upon the
retina, and become visible.

Q Why are 010 people FAR-SIGHTED ?
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A. Because the humours of their eyes
are dried up by age; in consequence
of which, the cCOR'NEA sinks in, or becomes
flattened.

Q.  Why does the FLATTENING of the COR'NEA
Prevent persons seeing objects which are NEAR?

A. As the cornea is foo flat, the
image of any near nbject is not completely
formed, when the rays reach the RET'INA ;
in consequence of which, the image
appears to be imperfect and confused.

g Y
; ’/’/B \ The perfect image is made at DI ;
! \} A and not on ABC (the retina).

Q. What sort of cLassEs do OLD peuple
WEAR ?

A. As their cornea is not sufficiently
conver, they must use double convex
glasses, to enable them to see objects
near at hand.

Q.  What sort of glusses are *“ DOUBLE CONVEX
SPECTACLE-GLASSES ' ?



SIGHT. 409

A. Glasses which curve outwards on
both sides.

A The figurc A is double cunvex, or convex on
both sides.

Q. What is the UsE of DOUBLE CONVEX
spectacle-ylasses ?

A. They shorten the Socus of the eye ;
and (if a person be far-sighted) bring the
image into the eye, upon the retina.

Q. Why do XEAR-SIGHTED persons bring
objects CLOSE to the eye, in order to SEE THEM ?

A. As the distance between the front
and back of the eye is too great, the
image of distant objects is formed in front
of the rel'ina ; but when objects are
brought very near to the eye, their image
is thrown further back, and falls on the
retina.

Q. Why do otp people nOLD objects FAR
OFF, in order to see them better 2

Beciuse the distance between the

Jront and back of their eyes is not great

enough; and when objects arc held further
N a
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off, this defect is compensated, and a
perfect image formed on the retina.

Q. Why are BAWKS able to see such an 1M-
MENSE way off ?

A. Because they have a muscle in
the eye, which enables them to flatten
their cor'nea, by drawing back the crystal-
line lens.

Q. Why can HAwKs see objects within half-
an-inch of their eye, as well as those a long way off ?

A. Because their eyes are furnished
with a broad circular rim; which confines
the action of this muscle, and throws the
cor'nea formward.

Q.  Into how many PARTS may a RAY of LIGHT
be DIVIDED ?

A. Intothree parts: BLug, YELLOW,
and RED.

N.B. These three colours, by combination, make seven.
1.—ReDp. 2.—ORANGE (or red and yellow). 8.—YELLOW.
4.—GrEEN (or yellow and blue). 5.—BLUE. 6.—INDIGO
(& shade of blue). and 7.—VioLET (or blue and red).

Q. How is it known, that a ray of light
consists of several different colours ?

A. Because, if a ray of light be cast
upon a triangular piece of glass (called

a prism), it will be distinctly divided into
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seven colours: 1.—Red; 2.—Orange;
3.—Yellow; 4.—Green; 5.—Blue;
6.—Indigo ; and 7.—Violet.

Q. Why does a PRISM DIVIDE a ray of light
into VARIOUS COLOURS ?

A. Because all these colours have
different refractive susceptibilities. Red
is refracted least, and blue the most ;
therefore, the blue colour of the ray will
be bent to the top of the prism, and the
red will remain at the bottom.

\

~-
A

Here the ray AB (received on a prism), would have the
blue part bent up to C; the yellow partto D; nnd the red
part no further than E.

Q.  What is meant by the REFRACTION qf aray?
A. Bending it 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 @ RAINBow P
A. When the clouds opposite the
sun are very dark, and rain is still falling
from them, the rays of the bright sun are
Na 2
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divided by the rain-drops, as they would
be by a prism.

Let A, B, and C be three drops of rein; SA, SB, and SC,
three rays of the sun. SA is divided into the 3 colours;
the blue and yellow are bent above the eye D, and the red
enters it

The :ay SB is divided into the three colours; the blue
is bent above the eye, and the red falls below the eye D;
but the yellow enters it.

The ray SC is also divided into the three colours. The
blue (which is bent most) enters the eye; and the other
two fall below it. Thus the eye sees the blue of C, and of all
drops in the position of C; the yellow of B, and of all drops
in the position of B; and the red of A, and of all drops in
the position of A; and thus it sees a rainfow.

Q. Does EVERY person se¢ the SAME colours
from the saME DRops ?
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A. No; no two persons see the same

rainbow.

To another spectator the rays from SB might be red,
instead of yellow; the ray from SC, yellow; and the blue
might be reflected from some drop below C. To a third
person the red may issue from a drop above A, and then A
would reflect the yellow, and B the blu.e, and so on.

Q.  Whyarethere often TWO RAINBOWS, atone
and the same time ?

A. In one rainbow we see the rays of
the sun entering the rain-drops at the
top, and reflected to the eye from the
bottom. :

In the other rainbow, we see the rays
of the sun entering the rain-drops at the
bottom, and reflected to the top, whence
they reach the eye.

Here the ray SA strikes the drop at A,—is refracted or
bent to B,—is then reflected to C, where it is refracted again,
and reaches the eye of the spectator. (Sée p. 414).

Na3d
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Here the ray SB strikes tl:e 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.

Q.  Why are the coLoURS of the SECOND bow
all REVERSED ?

A. Because in orne 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 botlom of the ran-
drops (after two reflections), refracted
Jrom the top.

See figure on next page.

1lere ABC, represent three drops of rain 1n the TRIMARY
(or inner) nAINBOW.
The Zeust refracted line is RED, and BLUE the most.
~Bo the RED (or least refracted rays) of all the drops in
thie position of A,—the YELLOW of those in the position of
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B,—and the BLUE (or the most refracted rays) of the lowest
drops, all meet the eye D, and form a rainbow to the
spectator.

'The reason why the primary bow exhibits the stronger
colours is this—because the colours are seen after one
reflection and fwo refractions; but the colours of the
secondary (or upper) rainbow, undergo two reflections and
two refractions.

L]

(See figure on p. 412.) Here also the least refracted ray
is RED, and the most refracted BLUE (as in the former case) ;
but the position of each is reversed.

Q. Why does a soAp BUBBLE exhibit such
VARIETY of COLOURS !

A. The changing colour of the bubble
depends upon the changing thickness of
the film through which the ray passes.

Q.  How duves the TRICKNESS of the FILM affect
the CoLOUR of the soap bubble ?
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A. Because different degrees of thick-
ness in the film produce different powers
of refraction; and, therefore, different
colours reach the eye.

Q. Why is the sOoAP BUBBLE 80 constantly
CHANGING ils THICKNESS !

A. As the bubble is suspended, the
water runs down from the top to the
bottom of the bubble, till the crown
becomes so thin as to burst.

Q. Why are the late EVENING CLOUDS RED ?

A. Because the sun’s rays have to
traverse a great thickness of atmosphere ;
and as RED rays are the least refrangible,
they are the last to disappear.

Tfere it will be seen that the red ray PA, may be visible;
while the YRLLOW and BLOE rays are hidden by the curve
of the earth.
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Q.  Why are the early MORNING clouds RED ?

A. Because the sun’s rays have to
traverse a great thickness of atmosphere ;
and as RED rays are the least refrangible,
they are the first to appear.

See last figure.—It is evident that PA (the red rays) will
be visible, Lefore either the yellow or Blue ones.

Q. What becomes of the BLUE and YELLOW
rays ? .

A. They are refracted below the
horizon, and ate made invisible by the
curve of the earth. (See last figure.)

Q. Why are the EDGES of cLOUDS nore
LUMINOUS, than their cCENTRES P

A. Because the body of vapour is
thinnest at the edges of the clouds.

Q.  What is the cause of morning and evening
TWILIGHT ?

A. When the sun is belaw the
horizon, the rays (which strike upon the
atmosphere or clouds) are bent domn
towards the carth, and produce a little
light, called twilight.

See figure on p. 416.—Here the rays of PA will give some
light.

Q. Way is a ray of rieET composed of
VARIOUS COLOURS ?
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A. If solar light were of one colour
only, all objects would appear of that one
colour, or else black.

Q. Why are some things of oNE COLOUR, and
some of ANOTHER ?

A. As everyray of light is composed
of all the colours of the rainbow; some
things reflect one, of these colours, and
some another.

-
Q. Wary do some things reflect oNE cOLOUR,
and some ANOTHER ?

A. Because the surface of things is
so differently constructed, both physically
and chemically ; and, therefore, some
things reflect one ray; some two rays;
some all the rays; and some none.

Q. . Why i @ ROSE RED ?

A. Because the surface of a rose
absorbs the blue and yellow rays of light,
and reflects only the red ones.

Q. Why is a VIOLET BLUE?

A. Because the surface of the violet
absorbs the red and yellow rays of the
sun, and reflecis the blue only.
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Q. Why is @ PRIMROSE YELLOW ?

A. Because the surface of the prim-
rose absorbs the blue and red rays of
solar light, and reflects the yellow ones.

Q.  Why are some things BLACK ?

A. Because they absord all the rays
of light, and reflect none.

Q.  Why are some things waiTk?

A. Because they absorb none of the
rays of light, byt reflect them all.

Q. Why are coaLs BLACK ?

A. Because they absorb all the rays
of the sun, which impinge upon them.

Q. Why aresNow, SUGAR, and SALT, WHITE ?

A. Because they consist of a vast
number of small crystals, which reflect
the various rays of light from different
points; and as these crystals are very
numerous, the colours unite again before
they meet the eye, and appear white.

N.B. The combination of all colours makes WHITE.

Q.  Why avre the LEAVES of plants GREEN ?

A. Because a peculiar chemical prin-
ciple, called'chlo'rophyll, * is formed within
their cells; which has the property of

* Chlorophyll (xAwpov ¢pvAhov, a gregn leaf) is the
green matter of vegetable substances,
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absorbing the red rays, and of reflecting
the blue and yellow, which (being mixed
together) produce green.

Q.  Why are leaves a LIGHT green in SPRING ?

A. Because the chlorophyll is not
fully formed. .

Q. Why are leares @ YELLOWISH BROWN in
AUTOMN !

A. Because the chlorophyll under-
goes decay ; and is not replaced, as it is in
spring.

Q. Why are plants @ PALE YELLOW, when
kept tn the DARK ?

A. Because chlo'rophyll can be form-
ed only by the agency of the sun’s rays.

Q. W hy are POTATOES YELLOW?

A. Potatoes are grown underground ;
and, therefore can form no chlo'rophyll
in their tubers.

Q.  Why are potatoes (which grow EXPOSED
to the air and light) GREEN? .

A. Because chlo'rophyll is formed in
them, under the influence of the sun’s
light.

Q- )Why are SOME things (like glass) TRANS-



THAUMATROPE. 421

A. [n transparent bodies (like glass)
all the rays of light emerge on the opposite
side.

Q. Wky are soME things SHINING and
others puLL ?

A. Because some things reflect rays,
and are bright ; but others absorb them,
and are dull.

L]

Q. W hy are DESEKTS $0 DAZZLING ¢n Summer
time ? .

A. Because each separate grain of
sand reflects the rays of the sun, like a
mirror.

Q. If you move « stick (burnt at one end)
ROUND pretty briskly, it seems to malke @ CIRCLE OF
¥IRE,— WHY 15 this ?

A. Because the eye refains the image
of any bright object, aftcr the objegt itself
is withdrann ; and as the spark of the
stick returns, before the image has faded
from the eye, therefore, it seems to form
a complete circle.

Q.  If separate figures { as a man and a horse)
be drawn on separate sides of « card, and the card
TWISTED quickly, the man will scem to be seated onm

the horse,~~WHY is this ?
.

0oa
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A. Because the image of the horse
remains upon the eye, till the man appears.
The Thaumatrope is constructed on this principle.

Q. Why do the STARS TWINKLE ?

A. Fixed stars are so far off, that
their rays of light do not strike upon the
eye in a continuous flow, but at intervals :
during these intervals, the star is invis-
ible ; and this perpetually occurring,
makes a kind of twinkling.

Some persons say, that the stars are so far off, that the
minutest opaque particles, floating between them and the eye,
will obscure them for the noment; and that these frequent
obscurations produce the twinkling.

Q. If we look at a RED-kot FIRE for a few
minutes, WHY does every thing seem TINGED with a
BLUISH GREEN colour ?

A. Because bluish green is the
“ ACCIPENTAI. COLOUR” of red: and if
we fix our eye upon any colour whatsoever,
when we turn aside, we see every object
tinged with éts accidental colour.

Q.  Whatis meant by the ACCIDENTAL COLOUR?

A. The colour, which would be re-
quired to be added, in order to make up
white light.
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Q.  Why does the eye perceive the ACCIDENTAL
COLOUR, when the fundamental one is removed ?

A. Because the nerve of the eye has
become tired of the one, but still remains
fresh for the perception of the other.

Q.  If we wear BLUE GLASSES, why does every
thing appear tinged with ORANGE, when we take
them coff.

A. Because orange is the «“ accidental
colour” of blue: and if we look through
blue glasscs, we shall see its “ accidental
colour,” when we lay our glasses aside.

Q.  If we look at the suN for a few moments,
every thing seems tinged with a VIOLET colour,—
W is this?

A. Because violet is the “ accidental
colour” of yellow; and as the sun is
yellow, we shall see its ““accidental colour”
blue, when we turn from gazing at it.

Q.  Does not the DARK SHADOW (which seeins
to hang over cvery thing, after we turn from looking
at the sun) arise from our eyes being DAZZLED ?

A. Partly so: the pupil of the eye is
very much contracted by the brilliant light
of the sun, and does not adjust itself
immediately to the feebler light of terres-
trial objects; but, independent of this,

oa?2
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the ¢ACCIDENTAL cOLOUR” of the sun
being dark violet, would tend to throw a
shadow upon all things. (See p. 383).

Q. Why is BrLAck glass for spectacles the
BEST for wear, in this respect ?

A. Becausg white is the accidental
colour of black; and if we wear black
glasses, every thing will appear in white
light, when we take them off.

Q.  Why does every ihing svem shadowed with
@ BLACK MIST, when we take off our common
SPECTACLES !

A. Because the glasses are while ;
and black being its ¢ accidental colour,”
every thing appears in a black shade,
when we lay our glasses down.

The accidental colour of red is bluish green.

”» ” » of orange ,, blue.
» . » of violet ,, yellow.
” 2 » of black ,, white.

And the converse of this is true:—
The accidental colour of bluish green is red.

” » 5 of blue » orange.
9 2 s, of yellow 5 Violet.
” » s Oof white 2 black.

(The law of an accidental colour is this—'Che 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.)
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N.B. The spectrum means the seven colours (red,
orange, yellow, green, blue, indigo, and violet,) divided into
seven equul bands, and placed side by side in the order
just mentioued. -

CHAPTER XXVIII.

SOUND.

Q. How is souND produced ?
“ A. The vibration of some sonorous
substance produces motion in the air,
called souND WAVES; which strike upon
the drum of the ear, and give the sensation
of sound.
Q. What are MUSICAL SOUNDS ?
A. Regular and uniform sucéessions
of vibrations.
Q. How FAST does SOUND TRAVEL ?
A. About 13 miles in a minute, or
1142 feet in a second of time.
Light would go 8 times round the whole earth, while
sound is going its 13 miles.
Q. Why arc soME things SsoNOROUS, and
others NotT ? -
oa9
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A. The sonorous quality of any
substance, depends upon its %hardness
and elasticity.

* Q. Why are coPPER and IRON SONOROUS,
and not LEAD ?

A. Copper and iron are hard and
elastic ; but as lead is neither hard nor
yet elastic, it is not sonorous.

Q.  Of what is BELL-METAL made ?

A. Of copper and tin in the following
proportions ;—In every 5 pounds of bell-
metal, there should be 11b. of tin, and
41bs. of copper.

Q. Why ds this mixture of tin and copper
used for BELL-METAL ?

A. Because it is much Zarder and
more elastic, than any of the pure
metals.

Q. Why is the souxp of a bell sToPPED, by
TOUCHING the bell with our finger ?

A. The weight of the finger stops
the vibrations of the bell ; and as soon as
the bell ceases lo vibrate, it -ceases to
make sound-waves in the air.

Q. Why does a sPLIT BELL make a hoarse
disagreeable sov.nd ?
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A. The split of the bell causes a
double vibration ; and as the sound-
waves clush and jar, they impede each
other’s motion, and produce discordant
sounds. L
Q. Wi hy does @ FIDDLE-STRING give a musical
sound ?

A. The bow drawm across the string
causes it lo vibrate ; and this vibration of
the string scts ih motion the sound-waves

. of the air, and produces musical notes.

Q. Wiy does a pruM sound ?

A. The parchment head of the drum
vibrates from the blow of the drum-stick,
and sets in motion the sound-waves of
the air.

Q. Why do MUSICAL GLASSES give sounds ?

A. Because the glasses vibrdte as
soon as they are struck, and set in motion
the sound-waves of the air.

Q. Why do ¥LuTES, de. produce muslcal
sounds P

A. The- breath of the performer
causes the air in the flute to vibrate; and
this vibration sets in motion the sound-
waves of the air. ~
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Q. Why do P1ANO-FORTES produce musical
sounds ?

A. Each key of the piano (being
struck with the finger) lifts up a little
hammer, which knocks against a string ;
and the vibration thus produced, sets in
motion the sound-waves of the air.

Q. Why are $oME notes BAss, and some
TREBLE ?

A. Slow vibrations produce bass or
deep sounds; whereas quick vibrations
produce shrill or treble sounds.

Q.  Why is an instrument FLAT, when the
STRINGS «7¢ UNSTRUNG ©

A. Because the vibrations are oo
slow; in consequence of which, the
sounds produced are not sh»ill or sharp
enough.

Q Why can persons, living a mile or two from

a town, HEAR the BELLs of the town-church soME
TIMUS, and not «f OTHERS !

A. Fogs, rain, and snow, obstruct
the passage of sound ; but when the air
is cold and clear, sound is propagated
more easily.

Q.  WHY can we NoT hear sounds (as those of
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distant church bells) in RAINY weather, so well as
in VINE weather 2

A. Because the falling rain interferes
with the undulations of the sound-waves,
and breaks them up.

Q.  Why cun we not hear soynds (as those of

distant church bells) in snowyY weather, so well as
in FINE weather ?

A. Because the falling snow interferes
with the undulations of the sound-n-aves,
and stops their progress.

Q. Why ean we mEAR distant (ocks MoST
distinctly in crLEAR cOLD weather ?

A. Because the air is of more uniform
density, and generally still; and there
are no currents of awr to interrupt the
sound-waves.

Q.  Why can persons (near the poLEs), hear
the voIcEs of men in conversation for a MILE distant,
in winter time 2

A. Because the air is very cold, clear,
and still ; in consequence of which, there
are no currents of air to interrupt the
sound-waves.

Captain Ross heard the voices of his men in conversation,
a mile and a balf frem the spot where they stood.

Q Why are not sovxps (suchyas those of
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distant church bells) heard so distinctly on a HoT
DAY, as in FROSTY weather ?

A. 1st—Because the density of the
air is less uniform in very hot weather :

2ndly—It is more rarefied; and,
consequently; a worse conductor of
sound: and

3rdly—It is more liable to accidental
currents, which impede the progress of
sound. )

Q.  Why can we not hear sounps (such as

those of distant clocks) so distinctly in a thick
MIST 07 HAZE, as in & CLEAR night ?

A. Because the air is not of uniform
density, when it is laden with mist; in
consequence of which, the sound-waves
are obstructed in their progress.

Q. Why do we hear sounps better by N1GHT
than by DAY ?

A. 1st—Because night air is of more
uniform density, and less liable to acci-
dental currents : and .

2ndly—Night is more still, from the
suspension of business, and the cessation
of the hum of men.



PARTITION WALLS. 431

Q. Why is the air of more UNIFORM DENSITY
by N1GHT. than it is by day ?

A. Because it is less liable to acci-
dental currents; inasmuch as the
breezes (created by the action of the
sun’s rays) generally cease during the
night. -

Q. How should PARTITION WALLS be made, to
PREVENT the voices in adjoiniyg 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 ever
pass from one room to another.

Q. Why would SHAVINGS, or saw-dust, PRE-
VENT the transmission of sound from room to rooin ?

A. Because there would be several
different media for the sound to pass
through : 1st—the air; 2ndly—the Jaths
and paper ; 3rdly—the saw-dust or sha-
vings; 4thly—lath and paper again;
5thly—the airagain: And every change
of medium diminishes the strength of the
sound-waves.,

Q. Why can DEAF people hear throuyh un
EAR-TRUMPET ?

A. The ear-trumpet restrains (ke
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spread of the wvoice, and limits the
diameter of the sound-waves; in con-
sequence of which, their strength is
increased.

Q.  Whyare MOUNTAINS NOISELESS and quiel £

A. Because the air of mountains is
very rarefied; and as the air becomes
rarefied, sound becomes less intense.

Q.  How do you know, that the RARETY of air
DIMINISHES the inteisity of sOUND P

A. If a bell be rung in the receiver
of an air-pump, the sound becomes
fainter und fainter,as the air is exhausted ;
till at last it is quite inaudible.

Q. TWhat is the cause of EcHo?

A. Whenever a sound-wave strikes
against any obstacle (such as a wall or hill),
¢t s reflected (or thrown back); and this
vt flected sound is called an EcHo.

The same laws govern echo as light. (Sce p. 370).

Q. Whatplaces are most FAMOTS for ECHOES?

A. Caverns, grottoes, and ruined
abbeys; the areas of halls; ihe windings
of long passages ; the aisles of cathedral
churches; mountains, and icebergs.
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Q. Why are caverns, grotioes, and ruins,
FAMOUS for ECHOES ?

A. 1st—Because the sound-waves
cannot pass beyond the cavern or grotto,
and, therefore, must flow back : and

2ndly—The return-waves (being en-
tangled by the cavern) ar€ detained for a
short time, and come deliberately to the
ear. *

Q. Why are halls, winding passages, and
cathedral aisles, FAMOUS for ECHOES ?

A. Because the sound-waves cannot
Slow freely forward; but strike against
the winding walls perpetually, and are
beaten back.

Q. Why are MOUNTAINS and ice-bergs ramous
Jfor EcHOES?

A. Because they present a barrier to
the sound-waves, which they cannot pass ;
and are sufficiently elastic to throw them
back.

Q. Why do not the WALLS of a RooM or
church proddce EcHoO ?

A. Because sound travels with such
velocily, that the echo is blended with the

* Pa
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original sound; and the two produce
but one impression on the ear.

Sound travels 13 miles in a minute ; and no 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 speaker P

A. Because the walls are so far off
Jrom the speaker, that the echo does not
get back in time to blend with the original
sound; and, therefore, ‘each is heard
separately.

Q. Why do some echoes repeat only onE

syllable ?
A. The further the echoing body is

distant, the more sound it will reflect :
If, therefore, the echoing body be near,
it will repeat but one syllable.

Q. -Why does an EcHO sometimes repeat TWO
or more syllables ?

A. Because the echoing body is far
off ; and, therefore, there is time for one
reflection {0 pass away, before another
reaches the ear. .

N.B. All the syllables must be utlered, before the echo of
the first syllable reaches the ear—If, therefore, a person
repeats 7 syllables in 2 seconds of time, and hears them all
echoed, the reflesting object is 1142 feet distant; (because
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sound travels 1142 feet in a second, and the words take one
second to go to the veflecting object, and one second to
return).

Q. Why are TWO or more ECHOES Somelimes
keard ? .

A. Because separate reverberating
surfaces receive the sound, and reflect
it in succession. *

17 miles above Glasgow (Scotland) near & mansion called
Rosneath, is a very remarkable #cho. _ If a trumpeter plays
a tune and stops, the echo will begin the same tune and
repeat it all accurate}y ;—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 succeed with equal
fidelity, though in a much feebler tone.

At the Lake of Kilkarney in IRELAND, there is an echo
which plays an excellent * second” to any simple tune played
on a bugle. '

Q. Why do WINDOWS RATTLE, when CARTS
pass by a house ? -

A. 1st—Because glass is sonorous ;
and the air communicates its vibrations
to the glass, which echoes the same
sound : and

2ndly--The window-framebeing shaken,
by the sound-waves impinging against the
window, ¢ontributes to the noise.

“Pa?



436 MISCELLANEOUS.

CHAPTER XXIX.

MISCELLANEOQUS.

<)
Q. Why do the BUBBLES in @ CUP OF TEA
range round the SIDES of the cup?

A. Because the cup attracts them.

Q. Why do all the LITTRE BUBBLES tend
towards the LARGE ones ?

A. Because the large bubbles (being
the superior masses) attract them.

Q. Why do the BUBBLES of @ CUP OF TEA
FOLLOW @& TEA-SPOON !

A. Because the tea-spoon attracts
them.

Q. Why are the SIDES of a pond covered with
LEAVES, while the MIDDLE of the pond is quite
CLEAR?

"A. Because the shore atiracts the

leaves to itself.

Q. Whydo all fruits, de. (when severed from
the tree) FALL to the EARTH ?
A. Because the earth attracis them.

Q.  Why do persons (who water PLANTS) very

&..___..-MQA.N
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often pour the water into the SAUCER, and not OVER
the PLANTS ?

A. Because the water in the saucer
is drawn up by the mould (through the
hole at the bottom of the flower-pot),
and is transferred to the stem and leaves
of the plant by CAPILLARY ATTRACTION,
( See p. 76). .

#Q. Why is vegetation on the MARGIN of a _
RIVER M0Y6 LUXURIANT, than in an open FIELD ?

A. Because the porous earth on the
bank draws up water to the roots of the
plants by CAPILLARY ATTRACTION.

Q. Why is @ LuMP of suGar (left at the
bottom of a cup) so LoNG in MELTING ?

A. Because (as it melts) it makes the
tea above it heavier ; and (so long as it
remains at the bottom) is surrounded by
tea fully saturated with sugar; in con-
sequence of which, the same portions of
liquid will hold no more sugar in solution.

Q. Why does the LuMP of SUGAR MELT more
QUICKLY, wheji STIRRED ABOUT? .

A. Because fresh portions of unsatu-
rated tea come in contact with the lump,
and soon dissolve it.

a3
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Q. Why does a PINCE OF SUGAR (held in a
spoon at the ToP of our tea ) melt very RAPIDLY ?

A. Because as the tea becomes
sweetened, it descends to the bottom of the
cup by its own gravity ; and fresh portions
of unsweetened tea are brought constantly
into contact with the sugar, till the lump
is entirely dissolved.

Q. Howcan a sick RooM be kept FREE Jfromis
unhealthy EFFLOVIA ? .

A. By sprinkling it with vinegar
boiled with myrrh, or camphor.

" Q. Why does LIME destroy the offensive smells
-of BINS, SEWERS, dfc.

A. Because it decomposes the offen-
sive gases upon which the smell depends,
and destroys them.

Q. Why does CHLORIDE, of LIME fumigate a
sick room ?

A. Because the chlorine absorbs the
hydrogen of the stale air; and by this
means removes both the offensive smell,
and the infection of a sick room.

Q. How can the TAINT of MEAT be removed ?
A. Either by washing with pYroLIG-
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NEOUS ACID,—covering it for a few hours
with common CHARCOAL,—or by putting
a few lumps of charcoal inta the water in
which it is botled.

Q  Why do these things DESTROY the TAINT
of meat ?

A. Because they combzne with the
putrescent particles, and neutralize their
offensive taste and smell.

Q. Why shotild BED-ROOMS, COTTAGES, HOS-
PITALS, and STABLES, be washed occasionally with
LIME-WHITE P

A. Because the lime is very caustic,

and removes all organic matters adhering
to the walls.

Q.  Why will strong SOUCHONG TEA POISON
FLIES?

A. Because it contains prussic acid,
which destroys their nervous system.

Q. Whyis sirong GREEN TEA UNWHOLESOME ?

A. Because it contains prussic acid,
which destroys the nervous system.

Q. Why s a DEAD man TALLER than a living
one?

A. Because at death the CARTILAGES
are relaxed. So, also, after ,a night’s

P a4
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rest, a man is laller, than when he went
to bed.

Q. Whatis sLeEp?

A. Sleep is the rest of the brain, and
nervous system.

Q.  Why can we not SEE, when we are asleep
with our KYES OPEN?

A. Because the “RET1NA of the eye”
is tnactive and at rest.

Q. Why can we not HEAL in sleep P

A. Because the nerve of hearing
(seated within the TYMPANUM of the ear)
is at rest.

Q.  Why can we rot TASTE, when we are asleep ?

A. Because the nerves at the end of
the tongue (called papille) are inactive
and at rest. ' ‘

Q- Why can we not FEEL, when we are asleep ?

A. Because the ends of the nerves
(called papille) situated in the -skin,
are inactive and at rest.

Q. Why have persons in sleep no wiLL of
their own, but may be moved at the will of ANY one ?

A. Because the “ CEREBELLUM ” (or
posterior part of the brain) is inactive
and’ at-resf.
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Q. Why have DREAMERS n0 power of JUDG-
MENT 07 BEASON P

A. Because the ‘“CEREBRUM” (or
front of the brain) is inactive and at rest.

Q. Why do some persons Losk all POWER of
SENSATION ?

A. Because the ¢ cEREBRUM” (or
Jront of their brain) has been injured.

Q. Why does a person ¥EEL, when he is
TOGCHED ?

A. Because the ends of certain nerves
(called PAPILLE) situated in the skin are
excited; and produce a nervous sensation,
called FEELING.

Q.  Why are persons able to TASTE DIFFERENT
FLAVOURS P

A. Because the “PpAPILLE’ of the
tungue and palate are ezcited, when food
touches them; and produce a nervous
sensaiion, called TASTE.

Q.  Why are oLD people UNABLE o WALK ?

A. Because their muscles become
rigid.

*Pab
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GLOSSARY.
AceTic Acip, commonly called Distilled Vinegar.
CITRIC ”» ” Juice of Lemons.
NitrIC ” ” Aqua Fortis.
OxaALIn - ” Salt of Lemons.
SuLPHURIC ,, ” 0il of Vitriol.
SULPHATE oF LIME ” Plaster of Paris.

»» MAGMEBIA Epsom BSalts.

» Sona ” Glauber Salts.

" Zinco . White Vitriol.
NITRATE OF SILVER -~ ,, Lunar Caustic.
ACETATE OF CoPPER ” Verdigris.
MURIATE OF Sopa " Table Salt.
TARTRATE OF PoTASH » Tartar Emetic.
CARBONATE OF AMMONIA ,, Smelling Salts.

”» LiMe ” Chalk, Marble, &c.
SUPER-ACETATE OF LEAD ,, Sugar of Lead.

SuBrLimMATES are chemical preparations, the basis of
which is quicksilver. In CORROSIVE SUBLIMATES, the
quicksilver is extinguished, either by vitriol, potter’s clay, or
some other ingredient.

SuBLIMATION is a similar process to distillation; only
solids (such as metals) are employed, instead of liquids.

Thus the fine blue used by painters is a sublimate, and
made thus:—Take 2 parts of quicksilver, 3 flower of
brimstone, 8 sal ammoniac; and (having ground them)
put them with the quicksilver into a glass retort, luted at
the bottom: place the retort in a sand-heat; and (when the
moisture is given off) you will have a splendid blue
sublimate for painting.
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PAGE
ABSORDERS, best .... 199
not conductors 192
not reflectors - 199
radiators .... 202
ABsORPTION of HEAT 191
not conduction 191
of light 381
ACCIDENTAL cOLOURs 407
Acetate of copper .... 442
Acetic acid «.....0.0.. 442
Acid of drinks 277
of fermentation .. 278
Acids dissolve ice .... 878
Activity affected by cold 94
. by heat 96
Aerated Water vovee.-. R76
Aeronauts feel pain 151,255
Age affects power of
walking ..eeee.... 441
Aged people far-sighted
407, 409
AIR ........ 244,300, 302
always in motion .. 304
ascends when hot .. 800
bad conductor 13, 188,
42

composed of two
gases ...... 25, 244

condensed by cold 800

cooled by convection 226

e

PAGE
Air cooled by rain .... 165
coqls hot iron .... 2588
density diminished
by rain ... .... 854
descends when cold 800
double current in a
room ........ 302
dries linen ...... 166
elements of ...... 244
expanded by heat 107,300
full of smells 157
gets fireup ...... 51
healthfal .... ... 270
heated .. 220, 252, 801
not by sun 201, 252
hotter when sun
shines ........ 253
in aroom ........ 802
inflammable, see hy-
drogen.
in summer ...... 830
needful for ire .. 62
of cities unhealthy
248, 270
of the country heal-
thy ...... 248,270
on land colder than
on water ...... 281
on land cold at night 236
preserved normal .. 250
purified by lightning 28
radiates no heat .. 225

rarefied s noiseless 1563
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Airrarefied bad conduc-
tor of sound 432
» by acrowd .. 207
msts iron ........ 258
still before atempest 153
use of oxygen in .. 245
variesiu temperature 352
Airgun ............ 103
Air pump freezes water 377
Aislesfamous forechoes 433
colder than galleries 35)5

Alcohol ............ 78
boils ........ 122
ALE +.iiivvennna.. 112

bottled ....oanaa.. 277

froth of ........ 277

»» increased byheat
112, 277
Alkali ..oooviinnnn .. 406
Ammonia ...... ... 288
Aunenometer ........ 380

Anglers hate a magpie 159
Angle of incidence .. 387
of reflection .. 387
Animal heat ...... 85,288
caused by com-
ustion .... 87
Animal and vegetable
life dependent .... 251
Ants love honey-dew .. 228
Appetite, see hunger.
Apples full of air .... 109
roasted ...... 108
soft vooeeeno.. 109
April showers ...... 824
Aqua fortis ........ 442

Argand lamps ...... 8%
Arnott’§ stoves smell of
sulphar ..., 57

INDEX.

PAGE

Armott's stoves smoke 69
Ascent in balloons pain-

ful ..oeeieaa..... 151

Ashes soften water .. 862

Asses brayinwet weather 154

Atmosphere (see air) 318

Aurora borealis .. 148, 149

coloured .... 148

white ...... 148

a prognostic 149

Autumn tints ........ 420

Avenues ..coeevvv... 398

Azote, sce nitrogen.

Bales catch fire sponta-
neously ..........

Balloons ........... . 151
inflated ........ 112
rise (sceacronauts) 112
Balls of fire ...... .. 6,
Balusters wet ..... Lo 223
Barley malted ...... 280
BAROMETER ........ 333

uffected by cold .. 338
frost .. 336
heat .. 339
thaw .. 837
wind .. 836

rules for its rise
and fall ...... 330
sudden change in 340
useof ....vc00.. 385
variesmostinwinter 844
s leastinsummer 3435
when highest .... 845

s lowest .... 346
Barren land collects no
dew ....... cerees. 216

Bass notes in music .. 428
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Bass preserves flowers
from frost ...... .. 212
Bathing, danger of .. 405

» with ether for in-
flammation .. 168

Beakers broken by hot
water 128
Beasts covered with hair 183

Beds damp «..o.onann. 164
BEER, fcrmentation of 278
flat .. .. ..... 285
froth increased by
bottling ......
froth increased by
heat .... 112,277
stale ....000... 285

soured by lightning 27
not old beer 7

spoiled, if the vent-
peg be left out 285

yeast added tomake
itwork ...... 281

(see vent-peg.)

Beer-vats dangerous .. 273
Bells heard at a distance 428
cracked, soundhursh 426
silenced by a touch 420

Bell-metal .......... 420
Bellows tesesnas 52
Bins puritied ........ 289

Birds covered with fea-

thers .....eco00.. 185
BLicK ....... eene.. 419
cloth warny ... 193

€YeS .eee.ee... 108
glass for spectacles 424
Lat turns red at the
sea-side ......
Hole of Calcutta

445

rage

Black kid gloves .... 195
lead covveeenn. .. 259
prevents rust 259

mist P 150
skin_ .......... 197
tea-pot ...... 204,205

used by cotters 204
seton a hob to
* draw...... 205
will never blister 197
Blacks......
s  none to railway
engines
Blacksmiths strike fire
by nails ....... 99
Bla.dders inflated by ]leat
107,301

veon

BLAZE, blue......
green .
yellow ......
between the bars

of a grate

coals burn

Blazlng

purple ........ 248
red ..... .0.247,249
Blowers ............
Blowing cools broth, tea,
. 186, 329
. 442

C asesssanaoe

glasses. .
SKY voevvennnans 135
sublimate ...... 142
Body fuel of ........ RO
warm ....87, 89,280

1 Boiler, see saucepan.
361"
08

BorLiNGg

... 238
,» WATER bubbles 117
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PAGE
Boiling water cont.
furrof...... 264
makes it flat 287
isin a ferment 239
kept hot .... 208

rattles ...... 119
runs over.... 118
swells ...... 117

one pot will not
boil in another 120
retarded by aspoon 120
» by salt, sugar 321
without touching
the boiler.... 121
Boots hot when dusty.. 201
Bottled ale, &e. ...... 277
Brackish water unfit for
railway engines .... 265
Bracing weather ...... 153
Bread bheavy ........ 288
made with yeast 287
Breath exhaled ...... 249
inhaled ...... 247
visible in winter 223
Breathing deseribed .. 250
difficult on a moun-
taia Lo.el..... 256
previous to a storm 250
BREEZE at watering
places...... 326
evening ...... 825
land .... 326, 327
morning ...... 825

of islands .... 320
sea ...... 320, 327
speed of .. 327, 330

(see wmd )
Bricks for cold feet
Brick stoves ....

. 179
... 180

INDEX.

PACE

Bricklayers canuot work

in a frost ..

cover work with

straw  .... 875

Bright day exhilarating 150

Brillianey .......... 381

Brine retards boiling .. 121

tested ........ 877

Britain cloudy ...... 181

grows warmer .. 166

Broth cooled by breath 254

by convection 254

by stirring .. 2)4
Bnbbles in tea ......

of boiling water 11 7

Bulk for bulk ...... 1138

Burns cured ........ 163

Burnt stick twisted .. 421

Burning glasses .... 2,3

375

Calcutta, Black Hole of 26R
Caloric ............
Cambric handkerchiefs

cool .......0.0n 90
Cambridge, rain of .. 857
Camphor antiseptic .. 438
CANDLES  .e.vneenns

burn ...e.en.. 75

5 Dblue veee 103
cotton, not easily

blown out .... 80

easily blown out 52, 79

and rekindled .. 53
extinguished .... 81
flame blown out .. 52

hot ........ 76
hollow .... 98
pointed 79

purple below 77



INDEX. 447
PAGHE PAGE

Candle Name tends up- Carbonic acid cont,
wards .... 78 detected ...... 2606
vellow ..... 77 in human bodies 86
Candles, gas of .... 86,294 of the soil . 251
held at & door 802, 303 sources of .... 274

hottest above the

flame ........ 80
give light ...... v
make glass damp 79
need snuffing .... 82
Palmer's ........ 82
prevent our seeing

abroad ...... 396

reflected ina windows 396
rekindled quickly 58
rush, easily go out 80

shadow cast by .. 897
smokeof ........ 83
SPITt seieeeees. 161
suddenly mtroduced
give pain  .... 882
wax, need no snuff-
......... 83
Ca.nrﬂestwk rags catch
fire spontaneously .. 59

Canvass flower-awning 213
Capillary attraction 76,437
veins ...... 86
Captain Ross ........ 429
Capuchin  .......... 856
Carbon ........ 35, 36,75
in the blood .. 266
Carbonate of ammonia 442
of limee..., 442
CARBONIC ACID GAS 39, 265
absorbed byleaves 251
accnmulation of
prevented .... 275
deleterious 266

CARBUGRETTED HYDRO-
GEN GAS .... 202,204
Carpets avarm 178
Carriage wheelscatch fire 102
windows misty 220
Casks charred
Cart-grease  ........ 103
Cathedral aisles famous
for echoes ........ 438
Cars in wet weather .. 156
prowl by night .. 385
rub their ears .. 156
see in the dark .. AR{
wink before a fire 384
Cattle uneasy in wet
weather .......... 154
Caustic lime ........ 439
luner 412
Cavernsfamedfor echoes 483
Ceilings sooty 72
Cellars cold in summer 257
warm in winter 257
Cerebellum 440
Cerebrum .......... 441
halk o..ovovnnnen.. 442
hampagne acid .... 277
CHARCOAL ......e¢... 178
bad conductor .. 172
fire very hot 73
,» deleterious .. 273
purifies water ..
removes taint ....
Charring bread ...... 7
- casks %.....

seseenane

seesesse
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PAGE PAGE
Charring wood ..... 74 | Choke damp .... 272,202

CHEMICAL ACTION ....
Chestouts crack when

82

roasted .... 107

not if slit .... 108
Chimney pots ...... 71
flues long .. 63

s short .. 64

raised above a
house .... 63, 68
CHIMNEYS SMOKE ...., 62
if a room be too

close .... 62
remedy .... 63
in old farm hous-
es ...... 70
valleys .... 67
vestries .... 66
remedy .. 67

inwind .. 71,114
if too long .. 63,113

s short.... 064
remedy .. 65
large .... 70
remedy .. 70

when the draught
is slack .... 64,70
when the door is on

the same side .. 68
remedy .... 69
when it needs re-
pairing .... 69
sweeping ...... 69

when two fires are

in one room ..
remedy ....

Chira broken by hot
water .....0as.... 128
Chlorophyt. ........ 419

66
66

Church bells heard at a
distance 1563, 428
congregation drowsy 270
Churchyards smelloffen-
sively ...ccieveeee 206
Chyle «...oceennen.. 247
Chyme ............ 247
Cider acid .......... 247
Cinders, iron ........ 44
lighter thancoals 44
soon heated .. 44
will not blaze .. 49
Cirre-cumulus clouds
189, 140
Cirro-stratus clouds .. 140
Cirrus clouds .... 137,139
Citizens pale .......- 248
Citric acid ...c...... 442
City air unhealthy 270, 271
Clay for furnaces .... 180
Clean kettles ........ 1903
Cleanliness connected
with the dietary 06
poverty ........ 08
Clear day overcast .... 320
fire burns slowly 40
nightsexhilarating 150
Clocks heard at a dis-
tance ............ 428
Close rooms unhealthy 268
Cloth collects but little
deW ceveevecnaenss 218
Clothes gither damp in
summer ...... 217
wet ..vecoeess.s 168
Clothing for workmen 170
promotes warmth 181
Cloudiest countries .. 132
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PAGE
CLoUDB ......0..... 180
absorbed by wind 134
canse of ........ 181
cirro-camulus .. 139
cirro-stratus .... 140
classes of ...... 187
colour of .... 133,135
compeund ...... 140
cumulo-stratus .. 141
camulus ........ 138
differ from fog 130, 234
dissipated .. 134,143

distance from the
earth .......» 182
edges mostluminous 417
electrical ........ 133
fall in rainy weather 354
fantastic .. o 134
float .......... 181
gathered by wind 142
height of .... 5,132
highest and lowest 132
highest in a fine day 123
increased by wind 184
intermediate 189
light ...... 123
morning red 136
motion of 136
nimbus ,....... 14}
red ........ 185,410
round mountain tops 142
simple ........ 137
size of ........ 183
stratus  ..es..... 138
sun-set ........ 143
thickness of .... 188
how ascertained 133
vary in shape .... 138
in colour .... 136
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PAGE
Clouds continued.
wheremost abundant132
where least ...... 182
use of cooeeeeeo. 142
velocity of ...... 830
wind affects them 131, 134
yellow ...... 143,144
Cloudy aight warm .. 211
oppressive 150
Coalgas ............ 208
Jsaines explode .... 294
Coals black ........ 419
smoke ...... .. 41
Coffee, spontaneous com-

bustion of .eee.... 59
Coke ..ceeveveness 87
for fuel ........ 44
spontaneous com-
bustion of .... 58
CoLp WEATHER aflects
the barometer 336, 344
makes us love fat 92
activity .. 04
out of doors .... 329
promotes hunger 93

Colder some things than
others ..ooeeevensss 171
Colds from wet clothes 164
Collapsing ...... 109,301
Colour of clouds .... 181
electricity .... 80
Colours ............ 410
dark warm .... 194
light cold .... 194
VAIY ........ 418

Combining not mixing 206
CoMBUSTION (see fire) 85
cause of ........ 88
chemistryof .. 35,39
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PAGE PAUR
Combustion continued. Cotton bales catch fire 58
elements of .... 38 spontaneously 58
heatof ...... 85 cundles hard to
increased by wmd 52 blowout .... 80
in the veins .... 86 handkerchiefs hot 190
produces light .. 48 | Countries most cloudy 1382
spontaneous .... 57 least ...... 132
CoMMUNICATION Of HEAT 170 | Country air salubri-
Compound clouds .... 140 OUS +ecvnsnnns 248, 270
COMPRESSION ...... 104 | Countrymen enjoyhealth 270
ConDENsATION .. 102, 104 ruddy .... 248
Condensed air ...... 301 [ Cowls .......... 68,114
CONDUCTION ........ 170 | Crowds dangerous in a
not absorption 191 e storm ...... 19
Coxpucrons, best .... 171 produce drowsiness 270
WOrSt oeuvaees 172 head ache .. 267
not absorbers .. 191 vitiate air .... 267
of lightning .. 22 unhealthy .... 2068
dangerous .... 24 | Crucibles made of plati-
COXVECTION .... 220,238 NUM  .e.eveeos... 268
Convective currents 252, 302 | Culinary vessels .... 207

cool broth .... 254
Convective currents cool
iron  L.....e0e.n. 253
Cooking vessels with
wooden handles .... 172
Cooperapplieshothoops 125

Copper sonorous .... 420
tarnishes ...... 260
COPPER HOLE ...... 61
TOATS ..iieenann 61

not when the
door is open .. 62
Cork driven out by heat 112
Cornea veeeses. 400
Corns ache in wet wea~
ther .. oo 257
Corpse cold
Corgosive sullimates .. 442

have wooden handles 172
should be sooty .... 207
Cultivation promotes dew 216

warmth ....., 167
Cumulo-stratus clouds 141
Cumulus clouds .... 189
Cup in a pie ceeee. 123

useof ...... . 124

why full of j Juu,e 124
Currents of air ...... 302

228

Damp balusters ......
164

bede
clothes ...... 218

house ........ 228
DANGER IN A STORM .. 12
in attics and cellars 16
acrowd ...... 19
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Dauges in a theatre, &e. 15
before a fire .... 19
near a tree ...... 13
river .. . 14
flocks and berds are
exposed to .... 19
those who Lar shut-
ters .......... 1R
those who drive fast 15
lean against a
wall ..... oo 1T
or curriage .. 20
who ring bells 14, 17
rman ..., 15
Dark colonrs waem .. 19+
radiate heat 203
Davy, Sir TL. ,....... 204
Day-light produces hun-
ger ...... 91
mitigates cold 91
Dead bodies cold .... 98

smell ........ 207
taller than living 4:39
Deafuess Ceerens 431
Deal snaps in fire .... 110
Decanting liguor . 280G

spirting .207
Decomposition 274
Deepwater {reezes slowly 372
Depression of spirits .. 150
Descent in a diving bell

painful .......... 152
Desertshot and dazzling 421

DEw ...... .- . 209
cause of ....... . 233
deleterious ...... R27

differs from rain .. 233
distilled after a hot

day ... . 229

4H3

PAGE

Dew iu line nights only 210
especially if the

wind is westerly 225

unequally . 214

in open places .. 211

in valleys and hollows 218

on clothes 218

cultivated lands 216

........ 216

. 24

. 2

215

211

212

212

hat
’ leaves, &e. ....
none beneath a tree
a flower awning
hedge or wall
none in a cloudy
night
in a windy night
especially if east
erly
noie on stones, cloth
deserts, gravel, me-
tal, rocks, woul
Dew-drops round ...
flattened ........
roll on cabbages ..
. Troses® ....
Digestion
Dinner covers .
Dirt warm .......... 96
Distant bells heard ..
clocks
ohjects appear small
399, 400
veee.. 407,409
408

210
213

224
218

216
239
229
229
230

sight
spectucles for ..
Distance makes things
invisible ... .00... 402
Distilled vigegar 142

Qa
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PAGE PAGK
Divers suffer pain 152, 2566 | Earth warm in winter 188

Diving bell .......... 152
Doors swell and shrink 157
Dogs wuneusy in wet
weather .......... 154
Dough fermented .... 287
set before a fire to
TiSe vivennnns .- 268
Double concave glasses 407
convex glasses 408, 409
Draining lands promote
warmth
DravenT at a door ..
key-hole ..
window ..
slack ......
Dreams
Drops of rainroll on dust 230
Drowned men restored 103
Drowsiness at church 270
Drums el 427
Dry toast for invalids 74
wood for kindling 45
burns best .... 111
snaps about .. 111
Dryest months ...... 346
Dublin, rain of ...... 357
Duck dry in water .... 230
Dullness «..... .. 381,421
Dunghills hot ... ....- 280
Dusty shoes hot .... 201

.. 431

Ear trumpets ......
EArTH, bad conductor 188
cool in summer .. 188
cools after sun-set 200

in a fine night 210
crocks Ly frost .. 374
crumbles ip spring 374

warmer than air by
day ........ .. 210
Earth-fog .......... 223
Euarthen tea-pots . .. 205
set on a hob to draw 205
East wind cold ...... 816
dry ...... 3 [}
prevents dew .. 224
Eatmore in cold weather 3
less in warm ,, 93
Echo .......... 432, 483
Echoes, two or more .. 435
,remarkable .... 435
EFFECTS OF HEAT .... 106
EFFERVESCENCE .... 270
soon subsides 287
Effervescing draughts 276
Egg, compouent parts of 284
discolors silver spoons 263
new-laid, cold .... 185
stale, warm .. 184
,» smells offensively 284
tests brine ........ 377
tested ..eeveveea.- 180
Egyptnot clondy .... 132

ELecrrIC1TY affects the
clouds .... 1338, 136

colour of ...... 30
excited by friction 29
felt at the elbow
joints ........ 30
hot . .. . 29
odourof ........ 80

of clouds .... 8,4, 136
positive & negative 17
resinous & vitreous 18
source of heat .. 3
Electric telegraph .... 381
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Elements of air ..... 95 | Explosion of roasted
of fuel ...... 35 chestnuts .. 107
Emetic tartar ........ 442 of gunpowder .. 108
ENGLAND grows warmer of mines ...... 204
and warmer .. 1066 | Extingnishers ...... 81

wisnpsof ........ 310
east dry ........ 318
morning at watering

places
most prevalent
north cold ....
north-ecast dry
south rainy ..... . 320
o Warm ....e. 320
south west rainy .. 321
west rainy ...... 820
when highest .... 316

,» lowest .... 817
See March wind.
Epsom salts ....... . 442

Esquimanxlove blubber 94
Equatorial current .... 311
ETHER .....ccv.... 48
boils ...... cees 122
used for freezing 870

s inflammation,
scalds, burns 163

Fnropean skin white .. 198
EVAPORATION veees 162
freezes .... 377

ofsea ...... 309
EvENING crLoups 135, 143
grey ...... 1146

red 135,143,416

yellow 143, 144

EVENING RAINBOW .. 117
LEvergreens frost-bitten 236
Ewers broken by frost 3606
Ef?ANBlObeH‘EAT 106,124

made of paper 81
Eyes adapt themselves
o tolight...... 383
affected by Dblue
glasses 423
affected by fire-light 422
» sudden light 382

,» thesun .. 423

black ........ .. 198
cornea of ...... 400
retina of ........ 406

two, use of ...... 386

» see single 386

Face soon scorched .. 202

Fanning ........ 185,329
Far sight ..... . 407, 409
spectacles for .. 408

Fat men swim best .. 379
Fat pleasant in winter 92
not in summer 95
Feathers warm
Feeling
Feet cold before a fire 54
wet dangerous .. 163

FERMENTATION ...... 278
differ froin putre-

faction .... 282

of dough .... 287

reqnires water 285
Fender and fire-irons
cold ..... seeeses 192
Fiddle-strings musical 427
suap from wet 350
Fine weatherébraces .. 153
Qa?
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PAGFE
Fine weather, indica- Fire continued.
tions of P 145 radiates heat .... 202
Finger feels cold when red hot ...... 39,371
Wet ceereencannnns 162 reticeted on win-
FIRE ...ivvvivennnn 36 dows  soieeaan 390
air needful for (6 sandalls it...... H0
bellows use of H2 thaw dulls it .... 52
black and red .... 40 wind intenses it .. 52
blazes c..oven..n 40 See combustion.
not in frost .... 49 | Fire-irons eold ...... 192
burns blue ...... 194 TUSE cverenenns RH8
cause of ........ gﬁ , Most in winter 259
charconl ........ 73 » prevented .. 259
dangerous .. 273 | Fishes ascend and dive 380
clear ........ 40, 50 seem nearer than
damp .....000. 202 they are .... 405
differs from animal [15) 11 a9
heat ....... .. 88| FLAME of a CANDLE .. 70
dull, canuse of .... 04 described ...... 78
effect upon the blown out easily 79
eyes ...... 384, 422 damp  ...o00... 79
extinguished .... 55 hollow ........ 77
by water .... 55, 111 hot .......... 76
fiercest in winter 50 hottest above .. 80
out of doors .. 51 luminous «..... 77
gas generated by 87 pointed ........ 78
grotesque fignres in 42 purple & yellow 77,78
heatof ........ 288 smokes ........ 83
how incrcased 50, (4 | Flame of a fire between
hot ............ 89 the bars of a grate 46
kindled at the bottom 44 blne ........ ese. 47
light dazzles .... 383 green .......... 47
variable .... 49 yellow «...one .47
lighted with paper Flannel warmx  ...... 97
and wood .... 42 used for foot-warm-
lnminous ...... 47 [ 179
m:lts metal .... 120 | Flash, see lightning
mottled ........ 41| Flat beer, &e......... 285
poke¥ drarsup .. 58 fron............ 161
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Pa
Flavour discerned by
the taste ceee
Tlux burns spontaneously 58
TFlint and steel strike fire 100
Flocks dangerous in
SIOTMS w4 vivaiivens
FLOWING WATER freezes

19

slowly .. ...... 370

makes rough ice 371

oscillates  ...... 864

pure ... . 364
Flower awnings arrest

dew ........ 212

purify air . .. 271

Flowers smell sweetest
at night and before

rain ...iceeie. ... 188
Flues ,........ eeese 03
blacked ....... 204
longgood for draught 65
short bad ,, 64,065
See chimney.

Flutes «.vevevennnnns 427
Fly poison .......... 439
FOGS +ivevvennnnass 232
arrest sound .... 430
© cuuse of (... 131

differs from cloud
130, 234
mist ........ 233
dispersed by wind 235
» by sun 233

frozen .......

in antump ......
in marshes ...... 232
in valleys ...... 233

none in a frosty night 234
Food converted to blood 247
cooled by the breath 329

i
|
l

4517

TAGE
Food, want of produces

hunger .

laziness ......
aversion to clean-
liness ...... 96
, to ventilation 97
I'oot prints frozen .... 366
Foot yarmers ........ 179

Forked lightning .... 5
Forests catch fire spon-

taneously ........ 104

cold .veevene. 167
France wuarmer than of

yore ...... teese.. 168

FREEZING MIXTURES 377

Fricrion (see rubbing) 102

excites electricity 20

sets forests cn fire 104

Frogscold .......... 07

FrosT affects barometer 336

» sound .. 429

braces «...oounnn 153

breaks ewers .... 366

5 tiles,stones,rock 8G6

s, bipes ...... .. 308

crucks earth .... 374

,» wmortlr .. 875

expands water .. 3606

on windows ..., 220

prevents fog .... 284

stops work ...... 375

warmer than thaw 373
Froth of beer .... 112,
of fermentation
Frozen water warm .. 871
ruts and foot-

prints ...... 66
Fruits cool the blood )
- fall to the earth .. 436

Qa3
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PAGF
Fruits pleasant in sum-
mer
Fuel, dry burns well ..
elements of ....
for the body ....
wet burns badly ..
Fulgurites seeavees..
Fumigation for sick
ToomS ...... 438
Funnel (see flues) .... 63
FuR, bad conductor .. 172
for clothing .... 181
warm 183
Furnaces of brick .... 180
lined with clay 180
Furr of kettles ...... 204
steam-engines dan-
gerous

95
45
35
89
45
30

meecsasenccns

cesene

seeees R04
Gallery hot ...... 255,332
Gas .o ..eee.... 115,244
differs from liquid .. 245
elastic 245
invisible .....c000.. 244
jetof ....iieal.. 81
of candles ...e00.. R04
Gauze wire of safety-
lamps ...... 295
prevents explosion 295
German silver tarnishes 262
German tinder . 104
Germany warmer than

ceessscnns

of yore ..... .... 168
Ghosts  <.oveeenns.. 207
Gideon's miracle .... 217
Ginger-pop  c.ceaans 77

acid .... 277

GT1.A88F3 broken by hot
water . ..... 127

INDEX.

PAGE
Glasses continued.
broken if set on a
hob 128
covered with mist 221
y» if brought from
cellar .... 222
dulledby ahothand 221
»» by breath, &e. 222
mist of, soon sub-
sides ..., 221
See spectacles.
Glass a reflector ......
soon cools .. 218,221
Nee looking-glass.
Glauber salts ........ 442
Gloves, black kid .... 195
Lisle thread .. 195
Glow-worms glisten by
night ...... P 15]
Gluten ....... ... 281
ferments .... 282
Gop’s wispowm 215,217, 317,
309, 374
Gold never tarnishes .. 202
Grape-juice needs no
yeast
Grape, sugar of ......
ferments ........
makes aleohol ..
5 carbonic acid
Grapes never ferment
Grass promotes cold ..
collects dew ....
Grate (see stoves).
Gravel collects no dew
Gravity
Gray morning, sign of a
fineday .... 145
evening, sign of wet 146

284
298
R78
279
279
284
167
216

216
436

sesessssnes



INDEX.

PAGE
Grease liked in cold

weather

loathed in hot ..
prevents rust ..

used for wheels
Green colour ........
wood does not burn
»» does not snap
when burned

Grottoes fumous for
cchoes  ..........
Ground frost ........
Growth promoted by
movnlight ..... o
Gulls fly to sea ......
to land  ....
Guupowder explodes ..
Gusty weather mukes o
smoky house ...... 71

433
234

220
160
160
108

HaL o.ooiiieeiinees
accompunied with
thunder
cause of ........
fulls in sumwmer
Hair, bad conductor ..
covered with dew
Halls famous for echoes
Halo round the moon
Handles, wooden
metal
Hard work promotes
hunger
water bad, for wash
ing ........
Hartshorn  ..........
Hat covered with dew
turned red at the sea-
side .......... 361

ceee

224

459

PAGE

Hawks see near and fur 410
Hay stacks catch fire

spontaneously 59

Haze round the sun .. 149

5 the moon 149

affects sound .. 430

Head aches in a crowd 267

itches in wet weather 157

Hearth-rug warm .... 175
Hearth-stone cold .. 175
Lot .... 176

MEAT ........ [ 1
absorbed ...... 32

and light ...... 48
affects barometer 339

» sound .. 429

animal .. 85,249, 283
applied to the bot-
tom of boilers 239
communication of 170
conduction of .. 170
effects of .... 2,106
evolved ...... 82
5 by compress-
ionm .... 104
expands air .... 107
” whter .. 376
from bheaten iron 98
increased by accu-

mulation ....
LATEXRT .... 43,900
of candles .... 76

dunghills .. 289

fire .,...... 288
joe ........ 383
human bodies 87

lime «ovev... 291
radiates ...... 202
reflection of .... 199

”
aad



460

PAGE
Heat, sensation of ...,
sources of .. 2to106
Heavy bread ... 268
Hemp, spontaneous com-
bustion of ....... . bR
Herds dangerons in
storms
Hedges increase warmth
Hills larger in o fog .
HoAR FROST ........
not found on trees
under shrubs, &c.
of frozen fog ....
ou clear nights only

on grass  ...... 936
, tombstones 196
very partial .... 230

HoNEY-DEW ........
ants fond of 228

effects of .... 227
injures plants 227
Hoops nsed red-hot .. 123
Horses strike fire ... 101
snuff up air .. 1£8
uneasy in dull
weather .... 154
Hot clondy night op-
pressive

Hot water .

melts sugar .. 368
Hot weather abates ac-
tivity  .... 96

abates appetite 03
produces love of
fruit .... 95
s dislike of
- grease .. 0
Hottest place at church
255, 332

INDEX.,

- rage

Ilouses eatch fire spon-
taneously .. 57
gather damp . 223
smoke in valleys 67
Hull of ships seen last 103
Hunger 90 to 94
promoted by cold 93
o day-light .. 01
, rapiddigestion 94

,» singing. speak-
ing, work 91

See appelite.

Hydrogen gas  ....
of fuel ....

306, 75
246

)
contains hes\t
dissolved by acids
friction 104
salt .. 373
sun .. 129
grows thicker . 370
lighter than water 3060 -
Ice-hergs  famous  for
echoes .......... 133
IGNIS FATUUS 207, 29
cause of .... 207
Impure water puritied 73
Indiun mode of striking

33
373

fire ..... peeeaas 102
Inflammable air 36, 70

Insects in wet weather 159
Insensible perspiration 219
Intermediate douds .. 139
Iron affected by light-

ning ...... 31
cinders ........ 4
cold .......... 1745

contains latent heat 099
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PAGE PAGE
Iron cooled by air .... 253 | Kettle lid hot ...... 207

258
253

,» convection
» Tradiation

good conductor .. 192
heated by blows .. 98
TSt .eeeeseaes 208

,» whenmost com-
mon ...... 258
» prevented .. 259
5 scales ...... 258
sonorous ...... 426
stoves ........ 180
Ironing box ........ 161

Islands equable in tem-
perature .... 327
subject towind 326,327
Itching in wet weather 150

Jack o'lanthorn (see ig-
nis fatuus) ...... 297
Java (see jungles) .... 209
Jetof lame through bars 46
Juice of lemons  .... 442
Jungle of Hindostan fatal 269
Kendal rainy ...... 857
Keswick rainy
KuTrLe boils over ..
quickly whencov-
ered with svot 193
slowly whenclean 193
5 when new 193

bottum should be
80Qty ...... 200

cold when water
boils ...... 207

furr of . 2064
holder 173
lid clean . 2006

not full afterboiling 118
runs over 118

through thespout 118

sings .......... 116
steam of ...... 241

top bright ...... 208

Kid gloves veesess 105
Killarney, echo of .. 485
Kindling fires ...... 42
dry seevee.. 45

. wet . ...... 45
Ladies’ fan ....... . 829

Lakes whichnever freeze 372

Lamps ............ 75
Argand ...... 84

smoke ...... 84

spirt  ..... .o 161

See candle.

Lamp-glasses ...... 83
Land air cold ...... 231
breeze unhealthy 326

cools faster than
water  ...... 231
Laplanders clad in skin 190
LATENT HEAT . 33,99
Laundress S ... 161

Laziness promoted by
want of food 92

by heat ...... 96
Lead, dullness of . 261
tarnish of .... 261

LEAVES absorb carbonic
acid ...... 251

collect dew une

qually .... 214
exhale oxygen 250
green . 419
ina Qond ...... 436
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PAGE PAGE
Leaves continued. Lightning continued.
lightgreeninspring 420 follows dry weather,
pale in dark places 420 not wet ...... 28
promote cold .. 167 forked ........ b
yellow in autumn 420 fuses metal .... 27

Lemons, juice of .... 442
saltof .... 442

Lid of kettle bright 206
hot .... 207

rattles .. 119

Light bread ........ 287
colonrs cool .. 194
LigHT ....... . 47,3880
absorbed .... . 381

composed of vari-
ous colours 410,417
divided by a prism 410
from a flint .... 100
of candles k&4
fire 47, 49
houses, trees, &ec. 381
the sun ...... 381
reflected ........ 881
speed of ........ 380
sudden painful_ .. 382

esee e

Lighting fires ...... 42
LieursiNe ........ 3
affects iron & steel 81
»  electric tele-
graph .. 31
balls .......... 6
barks & snaps trees
20, 30
comes from clouds 16
from earth 16
conductors " .... 22
dangerous .. 24
followed by rain 10
»” by wind 10

kills animuls .... 7

knocks down hous-
es, churches, &c. 24
magnetic ...... 81
maims .ieeeee. 7
passes down the out-
side of a tree .. 13
passes through the
inside of animals 14
produces fulgurites 30
purifies air .... 28
rare in winter .. 28
returning stroke 17
scorches trees .. 20
sheet ...co0evee 6
speed of ...... 12
straight ........ 0
summer ........ I1
common in 28
turns beer sour .. 27
milk sour .. 25
not old beer 27
not porter .. 27
two flashes .... b
See danger, safety.
Lilac steel rusts . 26C
prevented .. 260
LimME and water .. 20,32
burned .,...... 201

hot v.vvvvvnnn.. 201
purifies bins 289, 438

5  sewers 289, 438

quick or caustic .. 201
Lime-wash for rooms 438
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PAGE
Lincoln, rain of 357
Line of incidence 387
of reflection 387
Linen cool wear . 190
dried . 166, 332
Linseed oil boils 122
LIQUEFACIION . . 129
LiQuips . 115
bad umdnctars 238
cooled . . 240
heated 239
not elastie 24H
Lisle thread gloves 105
Liverpool, rain of . 337
Loxpox Foe 232
rain of 337
Long flues . 113
gr n.sqlu-nmotescnld 167

Logs, iwo buin better
than one . 45

See wood.

Looking-glass ARG
a reflector 386

reflects our image
approaching, &e. 388

reflects onur whole
person . 389
Lucifer matches 297
Lunar caustic . o 442
Lungs described 230
Mackarel scales, &e. . 110

Macintosh prevents cold

Madness frourstarvation

Magnetic effects of light
ning .

Magpies mdu,ate wea-
ther

Malt

164
89

31

159
281

PAGE
Malting . . . 280
Man a swimmer . 379
fat swims best . 379

no bigger than a
crow . . 400
Manchester, rain of . 357
Marble . . . 442

MangH comes in like a
lion . 322
goes out like a]nmb 322
dry good, wet bad 323
tlowers undesirable 328
use of . . 322
wind dry . 322

| Marsh gas . . 292

Mast of ships seen first 403
Ment-covers . . 209
Mear liked in cold wea-
ther . . 93
Joathed in hot 95
roasted by reflectors 200
taint removed . 438
tainted by noon-
light . . 226
MECHANICAL ACTION . 08
Mercury of bagometer 834
bright . . 262
concave . . 342
convex . 342
itsriseand fall 341to347
riscs from heat . 127
METAL collects no dew 215

conductors . 171
feels colder than
wood . 17H

hotter thanwool 173
fused by fire . 129
. by lightning 27
good apnductor . 171



164 INDEX.
PAGE PAGEL
Metal handles burn 172 | Mortar crumbles . 375
reflectors 200 hardens . . 201
teu-pots . B 205 | Motes in & sunbeam 250

Milk soured by lightning 25
Miners’ dangar . . 295

prevented 266

Mirror . . . 386
Mist arrests sound |, 430
black . . . 150
cause of . 228, 230
differs from cloud 181

dew . 228%

fog 233

on windows . 218
seems to rise . 229

vanishes at sunrise
229, 233
white . . . 151
Mixing not combining 25
Money hot in a pocket 174

Monsoon . . 314,816
Months, driest . 316
wettest . 340

Moon, distance and size 401
lurgest at horizon

154, 396

reflectell in water 394

seems flat . . 401

larger than stars 401
Moonlight makes plants

grow . . 227

taints meat . 226
MOoORNING breeze . 820
gray 145
rainbow . . 140

red 136, 145, 417
streals . . 136
MonTar . 291
adhesive , 291

Mould hardened by sun 168

Mountains clondy . 142
cold . 105, 201
collect rain 855

furmous for echoes 433
impede respiration 256
noiseless . . 432
Muriate of soda . 442
Murky nights oppressive 151

Musicul instruments . 427
i flat 428
glasses . . 427
notes . . 428
sounds . 425

Myrrh autiseptic 438

Nails for matches 99

Naves fitted on hot 125

Near-sight 405, 109
spectacles for . 406

Negative electricity 16

Negroes, why black . 197

with black eyes 198

New kettles boil slowly 193

Night allays hunger 91
exhilarating 150
oppressive . . 150
produces cold . 01
rainbow at . . 147

warm, when cloudy 211

Nimbus clouds 141
Nitrate of silver . 442
Nitric acid 25, 28, 442
Nitrogen . . . 38
expired . 249, 267
of air . 246



INDEX, 465
PAGE
North wind cold 319 | Oxygen continned.
dry . 319 exhaled by leaves 250
North-east wind dry 321, 336 heats the blood 249
Northern lights . 148,149 in the blood 2066
Notes bass . . 428 inhaled . . 247
flat . . 428 makes blood red 247
sharp . 428 fuel burn 246
treble 428 af air . . . 101
November rainy . . 824 its use . 245
supports combus-
Odour of electricity 80 tion - 101,245
0il, elements of . 75 sustains life . 216
linseed . . . 122
of turpentine boily 122 | Paleness . 248
of vitriol . 442 | Palmer’s candles . 82
0O1d people fur swhted 407 | Paper barns 42
hold obJectﬁ at a not ﬂl\vays 40, 54
distance 409 extinguishers . 81
lose their power puckers from wet 856
of walking . 441 used for kindling 42
spectacles for 408 | Papillee . . 441
One pot will not boil in Paris, plaster of . . 442
another 120 rain of . 357
how to make it Parlours smell of smoke
boil . . 121 in summer . 72
Out of-door work pro- Partition walls tq nrrest
duces hunger . . 92 sound . . 431
Owls prowl at night 385 | Pea-soup fog . . 282
see in the dark . 384 | Pearl divers deaf . 152
sleep all day 384 | PercussioN . . 98
Oxalic acid 442 | Perspiration . 91, 219
Oxide of copper 260 | Petals . . . 418
iron . . 258 | Petrels . . . 160
lead » 261 | Phosphate of lime . 297
platinum 202 | Phosphorus . 206, 297
potassium 2063 | PHOSPHURBTTED HY-
silver . 261 DROGEN GAS . 290,298
sodinm . 263 | Piano-fortes . . 428
Oxygen 36, 37 | Pickle tested, 377



466 INDEX.
PAGF PAGL
Pie with & cup . 123 | Porter, stale ........ 285
full of juice . . 124 vats dangerons 273
Pin puts a eaudle ont 83 | Positive electricity .... 16
Pipes broken by frost 3068 | Potatoes, green ...... 420
Piston . . 105 yellow .... 420
PLANTS collect dew . 214 | Potash, tartrate of .... 442
grow out of walls 333 | Potassium ..... eve.. 268
after moon- burns in water 263
light 227 | Primrose yellow ...... 419
Plaster of Paris 442 | Prisms dividelight.... 411
of stoves falls Pump handle cold .... 174
away . 146 water hard .... 360
Plasterers cannot work Purple steel rusts .... 260

in frost . 37
Platinum . . 263
Plate warmer . 196, 200
Platinum, its use 263

never tarnishes 202
Ploughing promotes

warmth 167

Plumbago . 259

prevents rust 259

Poison for flies . 439

Poker draws up fire 53

cold . 178,192
how to carry it

when hot . 242

rusts . 258

rust of, prevented 259
Polar current . 811
Polish, use of 180
Polished metal teapots 204
Ponds dried up . . 168
Poor averse to cleanliness 90

ventilation 97

lazy . . 92
Pores of wood . 110
Porter, freth of . 112,277

set before a fire 112

its rust prevented 260
PUTREFACTION Lo 283
differs from
fermentation 282
Putrefying bodies smell
R83, 207

Quadrnpeds swim .... 379
Quick lime ubsorbs car-

bonic acid .... 275,201

Quick-silver bright.... 262

extinguished 442

Quiet precedes storm 153

Rapiarioy ...... 202,254
cools iron .. 254
Radiators are absorbers 202
bad «....... 179

Rugs cateh fire sponta-

neously fevesas
especially candle-rags 59
Railway steamers .... 224
water for .. 265

RAIN ...oieveinns .. 353
affected by wind .. 354
after lightning 10



INDEX. 467
PAGE PaGE
Rain arrests sound .... 429 | Ray of light divided .. 410

233
141
165

cause of ........
clouds bode ....
cools air ........
differs from dew .. 233
dispels carb. acid 275
falls in drops .... 353
fertilizing .. 324, 8355
from passing elouds 854
heaviest in summer 358
least at the poles 858
most in mountain-
ous places .... 355
most in winter 324, 358
nesr the equator .. 358
not salt ........ 363
on dust ........ 230
cabbages .... 230
rose-leaves .. 230
prognostics of .... 145
purifies air ...... 355
sudden change .. 340
RAINBOW  ...... 411,412
colours reversed 414
morning ...... 146
night ........ 147
Rainbows two ........ 418
Rain drops .......... 353
vary in size 354
Rain water smells offen-
sively ..... ceeneas 302
Rain-water fertilizing 824
soft ...... 861
stggnant .. 364
unpleasant 862
Rainy months ...... 3358
parts of England 357
Rare air bad for sound 432
Rattling of kettle lid .. 119

Reading aloud produces
hunger .......... 91
RED colour ...... 248,418
418
8Ky «eevee.. 135, 416
sun-rise .... 136, 145
sun-set .... 143,145
Reflected light 381
REFLECTION of HEAT 199
in & mirror .... 389
. in water ...... 889
REFLECTORS 199
help the roast.... 200
keep kitchen cool 201
not absorbers .... 199

should be clean and
bright .... 196, 199

should not be paint-
ed..... cieenes 196
REFRACTION ........ 408
Refrangible .. cc00ee.. 135

Resinous electricity .. 17
Retina ....cov0e-0s0. 406
Returning stroke .... 17

Reverberation .... 432, 433
Rice for food ..2..... 96
Rivens flow slowest at
gides
frecze unequally
369,871
invert ourimage 390
never frozen at
bottom .... 8G9
not wholly frozen 370
shallow freeze
fastest ...... 871
scem shallower
than they are 405
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PAGE PAGE
Rivers warm when frozen 871 | Running water pure .. 8(4

Roast apples ........ 108
soft ...... 108
chestnuts .....

Road dark from a light
YOOM ....eenn see. 882
Rocks collect no dew .. 216
broken by frost 366
Room cooled .... 165,382

currents of air
ina.... 302,303
ventilated .... 332
vitiated by acrowd 332
warmed by fire 208
Rosered .......... 418
Rosneath, echo of ... 433
Ross Captain ..... ... 429
Rotation of earth 3035, 806
Rotting leaves promote
[T 1
Rubbing

167
........... 102
hands to warm
them .... 108
melts ice .... 104
restores sus-
pended ani-
mation.... 103
wood excites
fire ...... 102
See friction.
Ruddiness ......... . 248
Ruins famed for echoes 433
Running  promotes
warmth .......... 90
Running water freezes
slowly ...... 870
makes rough ice 871
oscillates ..., 304
. promotes warmth 90

Rush lights easily blown

out ........

extinguished by a

pin ...ov000.. 83

RusT .......c...... 208

prevented ......,259
when most trouble-

SOME .eeees.. 259

Rustics healthy ...... 270

Ruts frozen ........ 360

80

SAFETY IN A STORM
abroad 20, 21, 22
at a slight distance

from a trec .. 20

+ best to be wet .. 22
in a carriage .... 20
inbed ........ 21
in-doors ...... 21
Safety-lamp .... 204, 295

Sailors rarely catch cold 165
St. Bride’s church de-
stroyed by lightning 25
SALT vocivivnaneese 442
and snow cold 34, 374
and water boils
slowly .... 121
bad for washing 360
crackles in a fire 46
dissolves ice .... 373
dissolved by water 362
especially by hot

water ..... 363
flavours water .. 203
of lemons ... .. 442
retards boiling .. 121
smelling ...... 442
white ...veesvee 419
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PAGE PAGE

Salt water unfit for rail- Seeing when used to
way engines .. 204 darkness .... 383
Salts, Epsom  ...... 442 | Sensation destroyed .. 441
Sand dazzling ...... 421 of feeling .. 441
Saturday's keitle boils of taste .... 441
fastest  .......00. Sewers puritied .... 289
Saucepan boils best Shade cool ........ 189

when black .. 200
slowly when new 205
lidsshould be clean

and bright .. 206

Scald cured 163

Scam of fermentation 285

Sea-beach healthy in the
morning %

nothealthy atnight

Sea before storm ....
gives out heat ....
heaves and sighs ..
less hot than land

not much heated by

sun ........ 308

Sea gulls 160

Sea-vapour not salt .. 169

Sea- water easier to swim
in than fresh 377

320
320
152
328
152
308

heavy ........ 363
ravely frozen .. 372

» @ives cold 165

salt ..esenee.. 863

Sea-waves .......... 328
Sedentary pursuits abate

hunger ........ 92
SekING in a glass . 886
into o dark street 396

5 light room 882
ourselves in a small

mirror  ..... . 389
the same object .. 8832

Shadow in water 339, 390
Shadow larger as the
object approaches a

light ...... cenees 397
Skallow water soon

freezes .......... 871
Sheen  ........... . 421
Sheep bleat ........ 154
Sheet lightning .... 6
Sheets wet  ........ 164

Ships out at sea 403
hull of, first seen 403
Shirts of linen ...... 190
Shoes cold when wet .. 163
hot when dusty 201
Shower cools air .... 165
Sick rooms purified .. 438
Sides of & pond covered
with leaves ......
Sight effected by stidden
light ............
SILVER meat-covers ..
should not be

chased .. 209

nitrate of ...... 442
tarnishes ...... 201
Simmering  ........ 115
Simple clouds ...... 187
Singing of a kettle .. 116
of boiling water'117
produces hunger 91

Single magpie unlucky 159

436

382
200
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' PAGE
Size diminished by dist-
ance  ...... 399,400
Skin, Dblack does not
scorch .... 198
white does  .... 198
itches .. 167
Sleep elongates the body 439
body feels not in 440
dreams in ...... 4%l
ears hear not in .. 440
eyes see notin .. 440
mind wills not in  4%0
tongue tastes notin 440

Sleet vevvviernnnnns 349
Slit chestnuts  ...... LOS
Smelliug salts ...... 442

SMELLs in wet weather 157
of bius and sewers 289
church yards .. 296
putrefying bodies 283

SMOKE  .......... 41,60
ascends ........ 00
curls ..... .o G0
falls  .... ..... 158

,» downachimney 63
of fresh conls .. 4l
cafidles ...... 83

lamps diminished
by a glass .. 85
red hot coals .. 41
rises .......... 113
useful in cooking 207
Smoky chimneys .... 62

Bee chimney.

Smoke-jacks ........ 114
SNOW tevaecennnaess 848
arrests sonnd .... 429
bad conductor.... 350
enffse of ..... 349

INDEX.

PAGE

Snow falls in winter .. 349

5y Dotin summer 351

like wool ... .... 181

nourishes the earth 350

on mountains .... 351
soon melts beneath

a hedge or wall 213

useof .......... 349
warm ...... 349,350
white ...... 351,419
Snow and salt cold 34, 874
S0P ..iiieeceenee.. 361
cleansing ...... 361
hard, soft ...... 361
yellow .......... 861
Soap bubbles ........ 415

change colour 415

Soapy water bubbles .. 365
Soda, muriate of .... 442
WAter «ooeeeenee 276

,» acid .... 277
Sodium ...veena.... 263
decomposes water 203
Soft soap  .......... 861
water for washing 861
Solids +evevreveees.. 115
Sonorous things .... 425

Soot in summer ...... 72
on ceilings .eee.. 72
Sooty kettles ........ 193
SOUND  ceveenansess 425
affected by frost .. 430
heat .. 430
arrested by mist 430
wet .. 4290

diminished by rari-
ty of air ...... 432
heard best by night 430
in a frost 428




INDEX.

PAGE
Sound inaudible on
mountains .. 432
Sound, velocity of .... 425
Sounds musical ...... 425
prevented from
passing from
room to room 430
Sources of heat ... 1—8
South wind rainy 820, 837
warm
Soutk-west wind rainy 321
Spnrks from a fire .... 110
e flint .... 100
a Lorse-shoe 101
........ L 407
black .......... 424
blue seeveveenn.. 428
for aged ........ 408

Spectacles

,» near sights .. 400
Spectrum  .....0.00e
Split bells .......... 42(;

Sponge swells when wet 350
SPONTANEOUS COMBUSTION

57, 88, 87

Spoons become dull .. 261

bent in water .. 404

discoloured by

eggs

retard boiling .. 120

Speuking promotes hunger 91

Spring best late ...... 323

bracing ..... 153

cracks the earth 514

sparkles ...... 278

verdure®...... 420

water cool . 189

Springs prevent freezing 372

Sprinkling to cool rooms 165

Stagnant water 364

471

Stagnant water full of
WOrms ........ 864

Stale beer, &c. (sce beer) 285

Stars distance and size of 400

invisible by day .. 385
seem flat  ...... 401
seen in a well .... 385
seen on mountains 394
tWinkle ... .... 422
Starvation .......... 89
produces dutmess 96

. laziness 92
leanness 89

madness 89

STEAM  ....cnvennnn 130
engines burst .... 241
invisible .... 119,241

of a kettle ...... 241

,» locomotive .. 224

why visible ...... 119
what becomes of it 120

SreeL affected by light-

ning .....

and flint make a
spark ...... 100
purple ....... 260
rusts ...a.... 260
prevented 260

Stick burnt makes a
circle of light ..... . 421
Stillness before a storm 153
Stirring cools broth, &c. 254

Stockings difficult to draw
on when wet ...... 337
StoNES broken by frost 366
cold .......... 175
collect no dew .. 215
snap in fire ....
unfit for fuel ..., 45
hd R
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PAGE PAGE
STORMS .vvevrennnes 152 | Sugar at top of tea melts
direction of .... 29 quickly ...... 438
follow dry weather 28 ferments ...... 278
places of danger in 12 flavours water .. 303
» safety in R0 left at the bottom of

prevail in summer
and autumn .. 28
rare in wet weather 29

Stoves crack wheu

lighted .... 120
when cooling .. 126
of bricks ....... . 180
on a floor .... 54,242
1USt covvesens... 268
most in winter 259
not often .... 259
prevented.... 259
settings fall away 120

warm a room .... 241
Strata of air ........ 9
Stratus clouds ...... 138

Straw covered over brick-

T work ...... ceenas 37D
Straw covered over trees 370
water-pipes 370

Street dark from a light
room 382

Streets seem to meet at
bottom .... 398
watered ...e.... J6G3

Striking iron makes it
hot voevvnennnns 98

Struggling in water dan-
Gerous  ........ 378
_Stueeo peals off in frost 875
Sublimates ........ 442
Sublilnation ........ 442
Sudden light painfnl .. 382
SUGAR  crsersaesess 278

eeesane sasse

acupeltsslowly 437
makes alecohol .. 279
,» carbonic aecid 279
melted by water .. 363
s» especinllybyhot

water ...... 863
oflead ........ 442
retards boiling .. 121

stirred melts quickly 437

vhite .......... 419
Sulphate of lime ..., 442
magnesia  ...... 442
soda ..... .o 442

ZINE  ..ieeeean. 442
Sulphurie reid  ...... 442
and water 32

boils 122

Summer, airin  .... 830

allays bunger .. 95

clothes for .... 194
creates dislike of

grease .. 903

»» love of fruit .. 95

lightning ...... 11

Sun-beams full of motes 253

Sun affects eyes .... 423
dazzles ........ 383
dulls fire ..... . 50

hardens earth ..
largest at horizon

154, 395
not seen in a well 891
radiates heat .... 208
reflected in water 393
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Sun seems flat ...... 401 | Tea spoons tarnished
source of heat .. 2 by eggs ..... . 288
Sun rise red .... 186, 145 | Telescopes eeens 402
Sun-set gray ....... . 146 | Tempest .......... 158
red ..... 143, 145 affects weather 343

yellow .. 143,144 See storms.

Super-acetate of lead 442 | Thaumatrope .... 337,421
Suspended animation Trawsaffects barometer 347
restored ....... 103 cold ........ 373
Swallows fly low .... 158 | Thaw dulls fire .... 52
Swan dry in water .. 230 | Thermometer .. 127, 333

Sweet-wort needs yeast 282
Swimmers sink  ,... 878
Swimming ......s. 379

in the sea .. 877
Syrup boils 122

Table salt .......... 412
Tainted meat cured 73,4838
in moonlight 226

water ... 73
Tallow ..... .. 75
Tamish .......c00.. 260
Tartar emetic ...... 442
Tartrate of potash .. 442

Tarts have a enp inside 123
N full of juice .12
Taste co.veveevennn . 44l
TEA cooled by blowing 255
by stirring .... 254

in a sancer .. 169

green deleterious 439
poison for flies 439
TFEA-POT, bright metal 204
tarnishes .. 201

black earth .... 204
preferred by some 204

seton a hob .. 205

Te:w spoons tarnished

261 .

‘lhick clothing unhealthy 170
Thread gloves cool .. 195
THUNDER P - |
after lightning .. 11
bolts (seefulgurites) 11

9

deep growl ......

irregular roar .. 8
one crash  ...... 8
rolling ........ 10

See danger, safely, storm.
Tigers prowl by night 3885
see in the dark 884
sleep all day . 384
Tiles broken by frost 3866
Timber charred , .... 74
Tin blowers ........ 71
foot-warmers .... 179

,» covered with

flannel .. 179

plate-warmer .... 196
reflectors ........ 201
See reflectors.
Tinder blown ...... 100
Toast and water .... 74
dry for the sick 74
Tomb-stones frosted .. 196
Tongsrust  .eavee.s 259
pravented .. 259

Ba2
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PAGE
Trade-winds .... 310, 314
Transparency ...... 428
Treble ..cocveocees 428
TreEs barked by light-
nin vee. 20
collect dew . 211
covered with
bass, &ec. ,. 376
look more dis-
tant in a fog
not frost-bitten
promote warmth
purify air
shade of, cool
Tube of barometer
Tubs dried up
Tumblers (see glasses.)
Twilight
Twinkling of stars ..
Two eyes
» See smgle
logs burn best ..

154
236
167
271
189
834
168

417
422
teeeeea.. 386
. 386
45

108

Unslit chestnuts  ....
Use of barometers .. 335
clouds 142
smokemcookxng R07
SNOW  sesee.no 340

Valley chimneys smoke 67

VAPORIZATION 130
Vapour forms fog and

cloud .... R34

of a carriage .. 220

ofaroom .... 219
of sea not salt 169
Vats fatal .......... 278

Vegelable and animal
life dependent .. 251

0

INDEX.

PAGKE
Vegetables absorb car-
bonie acid .. 251
agreeablein sum-
mer
collect dew
cool the blood
exhale oxygen
Velocity of clouds .. 330
light .... 880
sound .... 434
wind .... 830
Ventpeg .......... 285
VENTILATION .... 97,332
spught by the well-
fed

250

97
» notbytheill-fed 907
Verdigris 442

seseee

Vertical sun  ........ 305
Vestry chimneys smoke 66
Vinegar antiseptic .. 438

distilled .... 442
Violets blue ........ 418
Violins musieal .... 427
Vitreous electricity .. 17
Vitriol, oil of ...... 442

white ........ 442

Walls to arrest sound 431
wet in winter .. 222
5» in a thaw .. 222
Want connected with
dirt ......00.. 96
Warm clothes ...... 184
some things more
171
cee. 242

than others

‘Warming rooms

Wash-hand basin .... 177

Washing, water for . 290
shouldnotbehard 360
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WATER (see rain) 38, 359

and lime .... 26, 32

and sulphuric acid 82

ashes soften .... 8062

bad conduetor 177, 240

boiling 122, 239, 240

bubbles 117, 239

rattles .... 119

runs over .. 118

sings . 116

cleans dirty linen 3061

cold 177
converted to steam

130, 359

cools slowly ... 281

deep, freezes slowly 371

dried upin summer 168

expands by frost 867

by heat 368

extinguishes fire 111

,» not always 55,56

flat when boiled . 287

flaid .......... 359

flowing, pure .. 364

for wushing .... 290
freezes at the sur-

face 869

frozen by ether 376

5  air-pump 877

furr of . . 2064

. 360

»» agreeableto drink 290

,,» unfit forwashing 860

how preserved cool 198

» ° hot 198,208

heated . . 238

intenses fire . 55

inverts images 389

melts sugar, salt, &ec. 362

475

PAGE

Water melts sugar, &ec.,
especiully hot 363

mixed with salt,

boils slower 122
needful for ferment-
ation . .
not heated above
boiling . 240
of a spring cool . 189
oscillates . 366

purified . . 78

. purifies bins, &ec. 289
reflectssun byaspot 304

»» moonbyapath 894
running, keepspure 864
salt, bad for wash-

ing . . 360
shallow, freezes

fastest . 371
simmers . 115
slackens flame 56
soft . 290, 361
,» best for washing 861
sparkles . 278
stagnant . . 3064

,, full of worms 864
stale . ., . 287
swells with boiling 117
will not bubble
without soap 865
warm when frozen 871
Water pipes broken by
frost . 368
covered with litter 376
Watering plants by the

saucer 430

streets . 165
Waves . . . 828
Wax . . " . ki)

Ra3
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PAGE PAGE
Wax candles need no White mist . . 151
snuffing . . 838 vitriol . . . 442

Weather affected by Wicks cotton, need
tempests . 843 snuffing . . 82
affected by weight gas of . . 204

of air . . 334 have a knob when
prognostics of 140 long . 82

told by barometer 333 not upright when

rules for . . 836

Weather-toys . 856, 377

Well, moon seen in . 393
stars seen in 392
sun not seen in 391

Westwind promotesdew 227

rainy . . 820

Wet clothes cold . 163
feet dangerous 163
finger cold . 162

' indications of 145—149

kindling . . 45

night oppressive 151

sheets . . 104
summer, cold win-

ter . . . 166
weather offensive

151, 154

Wettest morths . 846

‘Wheels catch fire . 102

greased . . 103

kept cool by water 168

‘Wheel-ruts frozen . 366
Wheelwright . 125
WHITE . . 419
blisters . . 198
body linen . 193
crust on clothes . 169

dre sses for summer 194
,»» not fit for win-

ter . . 194

long .
Palmer’s wicks need
no snuffing . 82
rekindled qmckly H3, 56
smoke .
See candles.
Will o' the wisp, (see
ignis fatuus.) .
Wixp . .
affects

.07
209, 333
barometer

336, 837

» clouds . 134, 136
after lightning . 10
altered by clouds 809

by electricity 136
by seas 308, 309

always blows . 304

brings clouds 142

dry . 321

rain . . 821

cause of . 299, 304
changes the shape

of clouds . 131,184

cold . 176,187,319

dispels clouds 134, 143

fog . . 235

draws up'fire . 52

dries linen , . 332

effect on air . 300
feels hot sometimes 187
in England . 316, 328
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Wind increases clouds 134 | Wood continued.

mekes barometer burns 42
fall . 836 ”» spontaneously 50
,» chimneys smoke charred . 78,74

7,114 hot at one end, cold
near mountains 309 at the other 171
of a morning , 825 ignited by friction 102
of an evening . 3825 kindling . 42,43
prevents dew . 213 * 4, dry . . 45
rate of travel‘ing 330 ,» Wwet . 45
regular . 810 made incombustible 46

See England, momoon, north,
south,west, &c. trade-wmds,
dc.

Winding passages famed °
for echoes . . 433

Windows blazing with

the sun . 390
not at noon 390
covered with frost 220
mist 218
carriage dull . 220
rattle . . 435
Wine glasses (see ylasses )
Wine, fermentation of 278
made without yeast 284
Winter clothing . . 182
cold . . 166
promotes hunger 93
Wispom o Gop 215,217,
869, 374
‘Woop ashes soften water 362

» sends forth sparks 110

snaps . . . 108

two logs burn best 45

will not melt . 130
Wooden handles 172
Woor bad conductor 172
collects no dew . 215
warm . 182, vul
Woollen clothing . 181
kettle-holders 178

Work produces hunger 90
Yeast . . 28]

makes llght bread 287

not used in wine 284

used in breying 281
Yellow flame gives best

light . . 48

soap . . 861
sun-set sign of wet

143, 144

FINIS.
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IMPORTANT EDUCATIONAL WORKS,

PUBLISHED BY
JARROLD & SONS, 47, ST. PAUL'S CHURCHYARD,
LONDON.

GRAMMAR SCHOOL, NORWICH.

UNIFORM WITH DR. BREWER’S “ GUIDE TO SCIENCE;”

A NEW EDITION (THE SEVENTH) OF
Allison’s Guide to English History

Entirely re-written and greatly improved by the REV. DR.
BREWER, Head Master of King's College School, Norwich.
This manual of English History contuins mnot only a
biographical account of the monarchs both before and
since the Conquest, but what is of infinitely greater impor-
tance, the laws that were passed, the celebrated characters
that lived, and the discoveries that were made in each
reign; showinkg the effect produced by these combined
circumstances on the character, manners, and morals of
the nation. This popular work, which has passed rapidly
through several editions, is so simple in its arrangements,
and so perspicuous in style, that it is suited to the child



who can but just read, and yet is so full and complete in
all its parts, that a full-grown man may gather from it a
thorough knowledge of the moral, political, and historical
progress of the nation, from the earliest to the present time.
454 pages, embossed cloth, price 3s.

IN THE PRESS.
AIR, THE FOOD AS WELL AS THE
BREATH OF LIFE.

BY ROBERT JAMES MANN, M. R. C. S.
Author of “ The Planctary & Stellar Universe.’

Bond’s Child—’s Question Book
OF USEFUL RNOWLEDGE.

Th. object aimed at in this little work is to simplify
and facilitate the process of instruction, and present in
an easy, attractive, and intelligible form, useful infor-
mation on the common things with which the observation
of children from four to eight or ten years of age is
daily conversant. It contains information on various
subjects connected with food, clothing, fuel, medicine, and
other articles of personal comfort and domestic utility; the
productions of nature, and the creations of art; the con-
tributions of the soil, the mine, and the ocean, to the wants
nd wealth of society; the divisions and distinctions of
time; the order and variety of the seasons; useful statistics
of weight, re, and dist ; explanation of numerical
terms ; the origin and design of particular days, observan-
ces, and festivals; descriptions of various metals, coins,
woods, fruits, liquids; the natural divisions of the earth;
useful definitions in Arithmetic, Geography, Natural
History, and Geometry; the climate, weather, clouds, and
other phenomena of the atmosphere; the h-avenly bodies ;
the first principles of language and punctuation; the
different ranks and orders of society; national institutions;
useful instruments and inventions; and other topics on
which children are often left in profound ignorance, or
suffered to forr false, delusive, and injurious ideas. Is.




Dr. Brewer's Arithmetical Tables.

In this manual the glaring errors of the Table-books
in common use have been corrected, and the weights and
measures of England, France, and America, have been
adapted to the legislative regulations, and to the present
practice of trade. Third Edition, price Gd.

Dr. Brewer’s Book-Keeping,
BY SINGLE ENTRY.

Every one who has been trained toescommercial pursuits
will testify to the absurdity of the mode in which Book-
keeping is generally taught. A thorough reformation is
required: Dr. Brewer has thergfore supplied a system,
distinguished alike for its GREAT "SIMPLICITY AND PRACTI-
CAL UTILITY, which may in some measure be inferred from
the following statemente :—

1. All the items of the Ddy Book have been selected from
Bills actually issued for payment within the last two ,ears.

2. All the Invoices are faithful transcripts of boni fide
transactions between wholesale houses of distinguished
reputation, and their country castomers. The pupil,
therefore, instead of copying imaginary articles of suppo-
sititious value, never heard of beyond the precincts of a
school-room, will be made familiar with the very style and
technicalities adopted by merchants in transactions of trade.

8. Explanatory notes have been added whenever any
contraction, arbitrary sign, technical expression, or difficulty
of calenlation has occurred.

4. While the mind and skill of the pupif are thus
exercised, the teacher is spared all trouble and needless
expenditure of time by referring to the Key.

By the use of this judicions and PRACTICAL SYSTEM OF
BOOK-KEEPING, AKY PUPIL FOR A FEW SHILLINGS MAY
BE MADE COMPETENT TO ENTER UPON THE DUTIES OF
4 CounTiNg-HOUSE. Third edition.

Price 2s. Tutor's Key, 2s. A complete Set of Ruled
Books for the System, fs.

Dr. Brewer's Poetical Chronelogy
OF ENGLISH HISTORY. Pricess. Gd.



HISTORICAL TALES OF
ILLUSTRIOUS BRITISH' CHILDREN ;
BY AGNES STRICKLAND.
« Authoress of the « Lives of the Queens of England.”

It is the object of this work to offer to the Young a series
of moral and instructive tales, each founded on some

. ptriking authentic fact in the annals of their own conntry,

in which royal or distinguished children were engaged;
and in which it ic the author’s wish to comvey, in a
pleasing form, useful and entertaining information, illus-
trative of the manners, customs, and costume of the era
connected with the events of every story; to which is alse
added, an Historical Summary, which the suthor recom-
mends to the attention of the juvenile reader, as containing
many interesting particularg not generally to be met with
in abridged histories. Royal ?8mo. 200 pages. Embossed
Cloth, 2s. 6d. Gilt Edges, 38s.

Wakefield’s Mental Improvement;

Or the Beauties and Wonders of Nature and Art. The
design of this work is to excite the curiosity of young
persons on the various objects which daily come under
their observation, and to bring into active exercise habits of’
thought and reflection. The form of dialoguc has been
adopted, as best suited to convey instru. ion with amuse-
ment, it being the desire of the author tnat it should be
read as an entertainment, and not shunned as a mere
preceptive lesson. New and improved edition, price 2s. 6d.

BIBLE STORIES FOR CHILDREN,
BY LUCY BARTON;
With Preliminary Verses by Bernard Barton.

In this volume the authoress has sclected some of the
touching and beautiful narratives recorded in holy writ,
descriptive of scenes calculated most powerfully to appeal
to the best feelings of the youthful heart. These stories
ave comprised in a series of letters to children, and are
narrated in language which they cannot fail to understand.
Price 1s. 6d.



The Easiest Course of Elementary Works in the
French and Italinn Languages. °

Vlieland’s Le Petit Manuel;

OR FIRST STEP TO FRENCH MADE KASY;
Is so arranged as to form an Easy Beginning Grammar,
Vocabulary, and a Phrase Book; and is allowed to be th
simplest introductory book to the French Language which
has yet been pu .ished. It will also be found a most useful
compaNToX FOR THE Tourist. Third Edition, price 3s.

Vlieland's First French Redder;

OR LECONS FRANCAISES:

Mainly on the plan of Arnold’s “Henry’s First Latin
Book.” Third Edition, 3s.

Vlieland’s French Speaking Teacher;

OR VIVA VOCGE PRACTICE IN FRENCH CONVERSATION;

Accompanied by explanations of idiomatical difficulties, and
&N APPROPRIATE SELECTION OF POETRY, to be learned by
the pupil; and followed by an explanatory Dictionary of
every word contained in the work. -New Edition. Price
2s. 6d. The Tutor's Kay to the above, price 2s. 6d.



Vlieland’s Easy French Grammar;
Price 4s. 0d.

Vlieland’s French Chit-Chat:

A Sequel to the French Speaking Teacher. Price 2s. 0d.

Vlieland's French Parsing and
Dictation.

Thi. is the first work of the kind that has been published
in this country, purposely adapted for the English scholar.
It contains progressive lessons in French parsing and
dPic' ‘{on, accompanied by a synopsis of French Grammar.

ri. . 2s.

%
Vlir'.ad sFrenchgenders madeeasy,

And rrench Multum in Pa The matter contained in
this little book is of the greatest utility, and can only be
found dispersed in various expensive works. Price 6d.

Vlieland’s French Speaking

Yocabulary;
iontnining more than 4000 words in general use. Price 9d.

Vlieland’s Glancur Francais:

Containing an amusing and interesting mélange of
historiettes, conversations, dialogues, scénes dramatiques, &e.
The whole adapted both for the use of the amateur and
advanced scholar in the French language. Price 3s.

Vlieland’s First Italian Reader:

Mainly on the plan of Arnold’s ¢ Henry's First Latin
Book.” Price 2s. 6d.

Tlus series of Elementary Works on the FRENCH AND
ITaLTAN LANGUAGES are confidently recommended as the
siMPLEST and MosT coRnrEct for the use of students in
those [daguoges.



SERMONS FOR VILLAGE AND FAMILY READING.

=

nIsnor HAI’.'S PALACE, NORWICH.

NOW READY, DEMY 12mo, EMBOSSED CLOTH, PRICE 4s. 0d.
UNIFORM WITH “ ROBERTS VILLAGE SERMONS.”

SERMONS ON THE HISTORIESY

OF SCRIPTURE,
BY THE REV. ARTHUR ROBERTS, M. A.

RECTOR OF WOODRISING, NORREULK.

CONTENTS. The Expulsion from Paradise—The
Acceptable Sacrifice—The Ark of Refuge—The Covenant
with Noah—Abraham’s Journey to Canaan—Melchizidek,
king of Salem—Abraham’s pleading for S8dom—Lot's
Flight from Sodom—Abraham’s Faith Tried—The Mount
of the Lord—Esau despises his Birthright—Jacob's Lad-
der—The Wrestling of Jacob—The Fumine in Egypt—
Joseph Reconciled to his Brethren—Joseph’s Caution to

* his Brethren—The Choice of Moses —The Deliverance of
Israel—Moses sent unto Pharaoh—Pharaoh—The Egypt-
ian rlost Destroyed—Marah's Water Sweetened—The
Manna—The Rock in Horeb—The War with- Amalek.



. ” . A . -
4 pow FUBLISHING 1§ VORa, AT 45, 0d. Each, HANDSOMELY
BOUND IN EMBOSSED GLOTH.

'VILLAGE SERMONS,

BY THE REV. ARTHUR ROBERTS, M. A.
RECFOR OF WOODRISING, NORFOLK.

BRIEF EXTRACTS FROM THE NO1ICLS OF THE FRESNS
-

From the * Ghristian Lady's Magazine,” whelst edited by
Charlotte Elizabeth.

“The -~ernons are suf ciently plain in diction to meet
the compreliension of a ve1 g humble c¢lass; marked with &
peculiar euraestness of affe 3Mnute pleading, well calculated
to rouse the altention botlr 0" hearers and readers. We
found their , ‘vusal both plensmg and «profitable in no
ordinary degree.”

From the * Christiun Witness,” February, 1847.
“In point of simplicity they are not unworthy of Legh
Richmond; thoroughly evangelical, varied in structure,
d diversified in character; pathetie, pungent, and prac-
tical; direct and colloquial, according to the mature of the
theme. The sermons, as a whole, may be pronounced
models of popular preaching.”

Fyom the * Chur:hman’s Monthly Review,” March, 1847,

“We shonld be glad to see them stilP more generally
known, and cannot but think that those of onr friends who
request us from time to time to recommend them village
sermons, would find themselves well satisfied with these
excellent specimens of village pastoral teaching.”

From the * Christian Guardian,” Mey, 1847,
“This is decidedly one of the most val' able collections
of sermons that have issued from the press in modern duys.
For funily purposes on Sunday evenings, or for cottage
lectures, they will be fouud not u whit behind Burder and
Cooper, and in some respects preferable; and more then
this in their priise we cannot easily say.” .


















