o A
T g

Ol i L e ol

R ot ;T
e o (L~
i i e i i




a~ FIRST YEAR

IENTIFIC ENOWLEDGE

W0 L

PAUL BERT :

.

Membar of the Frasch Inslilole -
olessar at the Sorbonne (Faculté des Sciences de Parls)
Ex-Minister of Publie Instroclion

— " =
THNARSLATED DY E
JOSEPHINA CLAYTON s
(MADAME PAUL BERT)
Lale of Banil [Scolland)
-1 p— -
gty EniTdoN e f

LONDON® PARIS
fCFE BROTHERS | ARMAND COLIN ET C*

J d, CUARTERNOUSE BUILDINGS I, HUE DE MEZIERES
- -

Ie " . 1300

-

Fd Fis



. & =T




PREFACE

-
In issuing an English Edition of M. Paul Bert’s lamous

ook, the Publishers would mention thal ils success has =
been s0 great in Franee thal in 3 years 500,000 copies have ==
been %old, and Lhal there 15 scarcely a school, even in Lthe ~

smallest village, which does not use ... -

The translation, which we owe Lo the pen of Madame Paul
Bert (a Scolch Lady), has been modified so as to rendder it
suilable to Lhe requirements of English schools, but the
general plan of the work bas in no way been changed.



\ s #

"Y' FIRST YEAR Y T
OF SCIENTIFIC KNOWAEE, }[ﬁf

BT
|3
A s Ty
NATURAL HISTORY I'Il |['-b;_

=\ AP

-
t

I — ANIMALSN TS

A
S St v

DIVISIONS OF THE ANIMAL KINGDOM \

"1, Classification. — The study we intend to
urSue together on the present oceasion is, as you know,
.P\'afumf History, and we will begin, with the most inte-
resting part of this seience, and that with which you are
;!ll'Eﬁlh‘qJL"El. acquaifited, namcly, the natural history of
animals.
Animals, [ am quite sure, interest you more than
plants, and much more than stones. For animals
row, and move about; they feel, and manifest will; they
ive and they die. Plants also live and grow, and diej
but they never move out of their place, and feel neither
blows nor caresses. A# [or stones, they neither move *
about, nor do they die, and they remain for ever un-- -
changed, if nothing comes about lo displace oralter then =i
You already knew all this, and you are Morcover aware
that animals are exceedingly varied in e as well as
in size. A whale, a fly, an elephant, a sparrow, a tiger,
a soail, a eockchafer, a spider, an carth worm, are
animals that widely differ [!r-ﬁm one another, and you
have all certainly keard about them. Their history ne
doubt interests I)'rm, and you like to learn whal services
they may be able

w to yield us, or with what dangers they
menace mankindg
This is not all, you are also aware that we ourselves
in many respects r:.-semj.i_;"f?mc animals, especially
if we consider our inlernd¥eonstruction. You know
- that you have a_heart beating in your breast, that you
have fungs with, which you bredthe, a stomach and
wntestines that digest, eyes that see, and ears that hear.
e s\



B I. — AKIMALS,

And il you have ever happened to look at a butcher’s
stall, or to have seen any one prepare a rabbit ora hare,
you know that the ox, the sheep, the pig, the rahbit,
and many other animals have an internal * organizalion
more or less similar to our own. Thus in studying
animals pretty closely we stiidy our own selves, and you
ean all easily conceive how very interesting this must be.

But the first diffieulty that presents usell is, to
determine with which part of our wide and interesting

» subject we shall begin; and 1 have no doubt you woul
feel yourselves somewhatat a ldss, were you léft alone to
decide this. I will give you my opinion. In the cours
of these last years, since you were quite little ehildren

--{:w.: have learnt together a great many things aboul

. animals; your reading books, story books and pigture
books have also given you instructive and atiractive in-
formation on the sgme subject.

You all know, as well as [ do, that the lion is a great

’ African animal that kills and devours oxen and ‘even
men; that the ostrich is a large bird that lives also in
the African deserl, and you may have preity correct
notions about sharks, ratile snakes, hummng bivds,

crocodiles, camels, andsoon.  Now that you have grown

' big, we must give up learning all these things al ran-

dom,. and arrange all sur notions of animals in

: * proper order, for this is the otly way to retain what we

Rmrn, and 1o be able to profit by jt.” We will complete

i *, our knowledze is we go along.

For this urpose we must pot study animals the one

I after the L'll]ﬂ'El', without method. We must follow out

; what naturalists* call a classification, and group together

the animals that have the greatest resemblance ta each

l other, 80 as to avoid having to repeat in reference to cach

of them that which they all have in eommon. Thus we
will put all the bivds side by side, and say once for all
that they all have a beak, wings and feathers.

But it is no easy malter to make a good and rational
classification. One must know exactly in what respects
animals resemble each other, also what differcnces exist
between them, and s demands altentive examination

l without and within, , _ % :

2. Animals ihii have hones o mel, ﬂ]l‘llllnlpﬁ

that have no bones, — Can you tell me, George,

f S
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DIVISIONS OF THE ANIMAL KINGDOM. ¥ &

what differences there are between a horse and a Iy ?
I see the question makes you laugh. Dt that is nola
sullicient answer ; tey and tell me, Well, Sir,a horse 18
a very big animal, and a fly is guite little. That's true;
but here 18 a wood-eut which shows you a fly magnilicd,
and another in which a Rorse 18 FEI:I‘ERL'D[L'I uite
little. You would never take the one for the other, not-
withstanding the size. Do yousee nothingelse ?—A fly
has wings, 2ud a horse has none.— Ah! that is better :

but suppsse some aceident had deprived the poor fly of ‘
its wings, would it them be quite Like a lorse? Of

course not. What other dilference could you find, Paul?

A horse is coversd with hair, and a Iy has none. Are ,
you sure of (hat? Catch a {iy and look al it with lhish.

glass®, See, ils body is covered with hairs. True i
they "are very small, but yet they exist. James, I see -
you have something to say. — Sir, a [y has sic legs, and 1

2 horse has but four. — Al ! that's a good observation,

d will hereafter prove useful.  But supposing the :
ana wi 1ercalier ]’]FG‘-IE Ubi.. 1. ul h11}1'|:‘11151ﬂh Lhe :f
had lost, along with its wings, two of its legs, what L
then, can you find no other difference? No, say you. |
Ah! there are many nevertheless, and very great ongs

too.
Can weerush a {ly? Oh! yes, verycasily, and nothing. | 1
remains but the external paris : the skin, the legs an
the wings. Gould we dohe same with a horse? | know *
very well that we have notin ourselves sufficient strength. - -
Bui suppose a house were 16 fall on it, would il therchy _+ ‘
he cruHLud and reduced Jo a sbrt of pulp, as was The i
case with the fly ? No, and why ? Because #7® horse has
inside ils body hard paris, bones thal cannot be
crushed, whilst the fly has none, nol even very liny
ones. 4. The horsethen is an animal that has bones,
its body issupportedsby a skeloton, as we call the whaole
of the bony f,;iunﬂ : the ly is an animal that has no
bones.

Another differgnee of no less importance. 2. Were a
fly to be pricked, a drop of colourless liquid would come
from the wound. Butif a horse be pricked, what will
flow from his wound? Ah! [see you all know that,

S :

L
AL What lundagmental difference i3 | 2. In what other respects do Lkey
there belween a horse and a Oy? — | differ?

Pl S \ \ b



10 . — ANIMALS.

blood! Yes, blood, a red liguid, very curious to cxamine,
as wo will do hereaflter. 1. So animals that have
bones have also veal blood, ved blood, - This is an-
other important peint,
5. Vericbhbrates, — Besides the horse, do you
know any other animal having a skeleton and red e
blood? —2. Oh yesl Sir, the cat, l?ll;'ifﬂg, the pig, the oz, ¥
the rat, the hare. You might add your own sell' to the
list, don't you think so? — Oh! Sir, — Ah! you feel
offended al being counted amongst -animals. %rt:l it is
Hl]im correet to do so: we eat, wae breathe, we arve born, we
iein the same way as animals do, and we are lashioned )
just like animals with blood and bones. This in
no wise diminishes our moral superiority however; for
though we live and breathe no better than animals, we
think infinitely more and better than they. So there is
nothing shocking dr offensive in the fact, on the contrary.
But let us return o our subject. I must say, you
have displayed but little imagination in searching oul
FOUT exam ﬁes. All the animals you have mentioned
are very like cach other, for they are all fourfooted,
and are clad in hair, or fur. TEI'E' are hair or fur
clad quadrupeds®. Do you remember any others that
. have blood and lLones? — Yes, Sir, the birds. — Very
well; any others? — Fishes. — Any others still? — Ser-
pents, frogs, lizards. — Quite rigﬁl | and what general
name is given to hese three last? Repliles. That's
right. Wa will come back to this in a little while.
%. S0, Quadrupeds B (fig. 1), Birds G, Reptiles D,
Pishes I, msy be classed toijfether as having bones and
ved blood, 4. They all come under the general name of
Vertebrata, because among the bones of the body a
certain number, called vertebra:, form the spitie or back-
bone, from F to G, hence the name of vertebral or
spinal column given to the whole®series of those ver-
tebre.  You may easily feel them under the skin, all
along the back. 5. Some vertehrales have no limbs, like
L]

1. In whal amimals do we Gind red | bul ihat resemble each other in ha-
Blood 7 — 2. Name somae spimals | ving bomes and blood. — & Under
ormed with bones and having red what eammen name are all Usese ani-
blood, and in some respects regem- | mals ranked ? — Why? — B “‘hﬂ.'l-....-rih:,
Bling & horse. — 3. Nzme some ciher | pecaliorilies Hoes Whe skelton gl Lh i
acimals quite Jiferent from the horse, | ‘serpent prégent? » . .

.

fo v <ian

- #
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serpents D, the vertebral or spinal column, together
with the head aﬂr properly speaking with the skull, a
name given (o the bones of the head taken as a whole),

DIVISIONS OF THE ANIMAL RINGDOM. 1 l
L

Fig. 1. — Verlebrate animals; that B o say, ammals Lhat have a spine or
backbore G called vertebrates, — A, man; B, guadruped ; ©, bied;,
D, replile ; E, flsh £
-

- #
form, in their case, all tht skeleton ; but almost all ver-
tebrates have limbs. We will continue this part of our - -~
study afterwards, . =

4. Annulata, — 4. We will now pass on 1o those
animals that have neither bones nor red Bond, and are  *
called inverfebrates, lo distinguish them from  the
others.

2. We have alrcady spoken about the /Ty that has two
wings and six fect. 4 Do you know any other creature
you might class along with it.  Shall we saya cock-
chafer (lig.2)? Yes: evidently. How many wings has a
cockchafer? — Four. — How many fect? — Siw.

(Juite so. — Mention another. — A butterfly (lig. 3.
— It has also four wings and siz feet. — A dragonfly
(ig. 4) has also four wings and siz feet. — Quite
:._}"‘h--' = p —
L 1. What name is given to amimals | bleod? = Why? — 2. Nams soze [
H ,Hr:il have meitlitr bones por red | animals with six fest,

-

s, il \
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right., That's enough in the mean time. 4. AU those
sie fooled creatures ave called Insects.

3l

£ i 3 -
Fig. 2. = Cockehaler 3. — Buanerd hh o — L‘lr.,gc-ul‘lr
b{ul:erl]. & lest. EID:&H}, 6 leet, 1 (insect), 6 loel,

—4 2. Now let us catch a spider (fig. 5). It is very like
an insect, but it runs u'pﬂu eiglil feet,

' 3. This milleped (lig. 6) has at least 20 paird.

' you look closely at all these animals, you will see let
their body is composed of a series of rings strung

!
together as it were, and working upon one another, arii-
culated the one on the other. 1t woodlouse [flg 7

I \/

4 . ] . - iy
e T - 3 =

B S0 ave

Fig. 5, — Spider, Fig. 6. =~ b!‘ilTepeJ Wpurs Fig. 7. = Woods
¢ 3 of feat. |

B r;t:. Il.-ul-utl:msl-m:n]

L

lI [ see running in yon corner is also anpuscd of a sue- .
I cession of rings.

4. The er fr.«,ifu,.']"_ ir.8), also, belongs to this gmn]\ only
the ringsthat form its ml} are hard ﬂldtlllﬁlj Itis there-
fore called a crustacean ([rom the Latin crusta, a crust).

Here now is an earthworm {fig. 9], and here a leech
(ig. 10). They also have rings; only the head is not
thunn:l from the body, neither Lave they feet ; their skin
15 not coriaceous like that of insecis, nor stony and hard

1. Whal general name 13 given to | 3. To whal group do lhn m:lrepet'--"'\k
animals wilh six feel? — 2, What | and ﬂmiliglfﬂ velong? = &n The .
tnsect like animals have cight feet 7— | erayfish? £ Tu Y

f "..-'..-



DIVISIONS OF THE ANIMAL KINGIMM. 13 v
-
like that of a erayfish. 1. They come under the general
name of worms, E
-
* :
Fig. 8. — Fresh waler Fig. 9. — Earlb-worm Fig. 10,
cray-fish {erustaceany, [wurm), Leech (worm.
2. Imsecls, S‘uf-:h'i-*x: _l'ﬁ!'e'!‘.l’r_:{am’s Crustaccans and
Worms are often designated ?' Lhe general name of 1
- annulata ([rom the Latin annufus, ring), because 'lhciﬁ
) bodies all scem to be composed of rings.

e Molluscean., — Look at this slug Uig. 11); it 18
gquite naked, soft and pulpy; and again this snail
(lig. 12}, quite as naked and pulpy, ahliough it has Lieen
elever enough to make for itselfa shell that protects it,and
wherein il linds house shelter; see this muesel(fig. 13),

Fig. 11. — Slug Fig. 12. — Snail Fig. 13, = Musse]
[(molluse). a [mollase). (malluse) LI

whose body is sheltered bétweon two shells. 3. In Hwese i
animals no traces of ridy shaped divigions are (o be «
found : thevefore they are not annulates.  They have
neither bones nor ved blood *: so they cannol be® ver-
tebrales. * 4. The name given to them is Mollusca.

6. Radiates. — Lastly here are two illustralions,
The one represents an animal very common on Lhe sea
shore, and which bears the characieristiconame of star-
fish {fig. Hh). The other {fig. 15) is a magnilied repre-
sentation ofa tin creature that lives in eolonics® formed
by countless mumbers of little beings similar to the one

5 oo L Fo what group do the earlh- | ven 1o them. — 3. What are the cha-
_-!’:-' worm  awl Lbe leech belong ¥ — ra:',:ﬂ‘n;l.lrallr!tdi.sllng'uiﬂ-ll!ll'lﬂ'i'li,tlr{:.

3 Fhumorale these diffsrent groups; Irom annulates and verlelrales? —
i whal eommon name is somelimes gi- &. Dy whal mame are Lhoy desigaaled T

-



14 I — ANIMALS.

tigured here; those minute animals, ealled polypm, de-
posit around themselves a sort of slimy stony sheath,
and the reunion of all those sheaths constitutes what is
called a polypier; these polypi often acquire great dimen-
sions, and form rocks, recfs* and even 1slands. 4.These
animals, although, as we shall see later, belonging Lo
two widely different groups, differ from all those which
we have hitherto considered in having a central mouth ;
2. as the body is produced into a series of rays which
surround this, the term Radiates is oflen applied to
these similarly-constructed animals,

Fig. 15 — Star-fish. Fig. 13, — Polype. — A, actual size
I3, magnilied.

This is then the basizs of a classification of what has
I . been called the Animal Kingdom. 3. There are, as we
have scen, four great groups,: 1. the Vertebrates, 2. the
» Annulates, 3. the Molluscan, 4. the Radiates. The
~ -best thing we can now do is to study these different
* groups, eaclr in s turm, :nqs‘idnrihg briefly the prinei-

' pal &nimals comprised therein, :

|

SUMMARY. — Drvistons oF tne Axmat Kincoon.

{. Generalities (5. 7). — An ammu{grﬁws. maoves about, feels,
lives and dies.
2. A plant grows, lives and dies, but docs nol move outof ils place,

and shews no sign of feeling. .

I 3. A mineral remning unchanged unless displaced, broken, or

altered by some outward canse.
L. Whal is the resemblanes Letween | 3. Whal are Lhe four

a sea-sbar and a pelype? — T What of Lhe lnhnal.\."mg.!um?

oame is given 1o these amimals? — \

gregt g'mum et
-
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VERTERRATES. 13

&, The animal kingdom comprises 4 great groups, Vertebrates,
pAnnulates, Molluscans, Radiates.

5 Werteheates (p, 10).— By (his name are designated all ani-
mals having bones, or what is ealled a sheletor @ a horse is a
veriehrale.

6. The nams of vertebrafe is based upon the fact that amongst
the bones of these animals thoss that form the spinal column are
called vertebre.

7. The verlebrates ara the oly animals that bave red blood.

8. Annulates (p.127). — The annwlales (insecls, spiders, mille-
pods, cruslaceans, worms] are animals thal have neither bones,
nor red Blood, amd whose Lpdies are formed by a serigs of rings
juxlaposed, and that play on ene ancilicr. A waoodlouse is o an
arrulate.

9. Malluseans (p. 13). — The Mollusea have neillier bones,

red blood, nor rings. Their bedy §s soft and pulpy, SOMELTTIE G

hidden o a shell. A snadl is a W dlusean. i

40 Radintes. — Coerlain animmls are possessed of a moulh
which, unlike our own, is centrally placed. When the Lody is pro-
duced at the sides of this inte a series of rays, such aninals are
oflen ealled Radiates. The starllsh or sca-star is a Radiale, as is
also the Sca-Anemone.

I — VERTEBRATES

{. The Vertebrates, as we have already said, are.

aninals the! heve Bones and red bleod.. 2. We also %

know that they are divided into several great calegories:”

Mammalia, — Birds, = Bepliles, Awyphibians, and «

Fishes

7. Mammalia. — 3. Thero are, in the lirst place,
r_]umirup'r:u's' covered with hair or fur. 4. As they nou-
rish their young gvith milk, the name of Mammalia
(ig. 16) has been given to them, mamma leing the
Latin name of the udder or organ thal gives millk.

8. Birds. — Tell me what characterises Birds
(fig. 17), whatdo’they all possess? — 5. You told us that,

1. MWhat are the general eharae- 3. Which group ranks frst among the

+ " teristica _of Lbe ‘Ir’frl.ebra.lu? — | Verlchrales? — &. “Why is the noma

2. lato how many categpries arn they | Mamindla given to then ? — 5, Whal

;/Aﬁmid.d and What are they? — | characlerizes the bird group?

S el o o

|



18 | — ANIMALS.

Sir, a little whilo ago. Birds have a beak, wings, fea-
thers, and only two fost — Chuite right.

FEy

T

1
Fig. 16, — Vertohrates, — 1, Mammalia Fig. 17. = Vortebrales, = 2, Birds
(milk givers), & leol (qoaadrupeds), 5 beak, wings, feathers, iwo

covers] with kair or fur. 'l:ﬂ.

9. Waorm blooded and cold Blooded anis-

= .mals, — Can you mention what are the charaglers com-

mon lo all Reptiles? [ see this question perplexes youa

good deal. 4. And no wonder, for the If:m'a!' has Tour

feet, the serpent-has none whatever, the torioise lives

shut up as it were 1 a box or carapace’.  All those ani-

mals L{iﬁ'cr widely in appearance from one another, and

yet they all come under the nameof Reptiles. We must

find out the reason why they arc all

put together in the same group.
GCome try, I shall help you.

George, when you put your hand

onadog orona horse, do you leel it

in be cald” or warm? — Warm,

- Sir. — Yes, and when you lay hold

N ety of = bird, & lion [or ingiance, do yon

ed animals maostly bving TEEI il to _L_I'U warm or l:ﬂh.i? s I ery

] . n:.lhequrlll_ln- I'-il?-.'iklll LTI blil‘. _— !.Hli.l,c 50. -.\:{‘m' if

covered willi false seales, ' : 3

con take a lizard in your hand, or a

serpent. — Ob! a serpent! Ishould never dare; it wonld

bite me, and people die of a serpent’s bite. — Don’t_be

afraid, 1 unufd never advise you lostouch a viper, but

here isa pretty little ring-snake (fig. 18}, quile harmless,

Put your hand Lravely upon it, you run no risk.  What

do you feel? — 2. It is quite cold, Sir. — And this

frog? — Cold also. — And this goldfish 1 have just

taken for a moment out of its globe? — Cold, like the

serpent and the frog. - '

- i &
—b— s it e -

: . L=
1. Mame soms animals thal belong te e reptiloagroup, — 3 I3 8 fmg- "
szake warm o cold to the toueh 7 \ %
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i. Here is then a new and very great difference that
exists amongst animals. There are animals whose
blood ig warm : Mammalia and Birds. 2. Others have
cold blood, those are the reptiles: and along with them
Amphibians, which will come under our notice in a
little while. Fishes, and alsoall animals without bones or
wertebrie (Annulates®, Molluscans®, Zoophytes’), the In-
vertebrales® us they are often called.

10. Reptiles, Amphibians, Pishes, — epliles
then have eald bloed ; this is sufficient to distinguish
them from mammalia antl bieds,
It remains to be seen what distin-
enishes them lrom fishes (fig. 19).
What differenee do you see between
them, James. — 3. Fishes live in
water, Sir, and repliles live on
the earth. — Very well, my child,
or to use more scientific terms, we
say, reptiles are aérinl animals, that means animals liv-
ing in air ; whilst fishes are aguatic animals (from the
Latin aqua, water),

Pray, whal amuses you so in that corner? Our reason-
ing does not seem to salisly you. What have you lo
object to it? — Please, Sir, :
where will you class the
frog (g. 20)? It lives hall
in the air, half in the wa- [
ter. It is half fsh hall-{
reptile. — Qnite so0, and-
your observation is sharp
enough; only you make a A
mistake. 4. The frog does FE="apr T ]
not live half in water, but % b, i £ sy
tn air only. Troe, IMUMPS po 00 vortebrates. — 5, Ampls-
into the watcr on the least — Bians. — Cold blooded smimals,
alarm, and there hides; bu! :,’{I‘;ﬂi,:l];'l::&'f?“"7”““5‘ il
were it nod lo come to he : ;
surface, and to put a! least the point of its nose above

Vertelrales. —

Fig- 19.
. Fishes, — Cald Mooded
animals and living in water
{aquatic). Tteal scales.

e

- &= y
b

. -1, What groups form the class af

warm:biood ] snimals ?*— 2. What

greups lurm ke elass of edfid-blooded

animals 7 —3.Whal differenes isthere
' £ i

belween gapliles cold-blooded animals,
and @shesthal alse have cold blocd 7
= &, Wy eannol Lhe frog be ronked
among flshes?
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the waler so as to be able lo breathe air, it would be
drowned. Some men ire able to remain with their heads
under water for two minutes without beitg asphyxiated,
that is to say, sullocated; as for the frog, it can remain
much longer, but not above an hour, excepting during the

cold winter season, when thefrogs become torpid, and seem
quite dead. So you see the ﬁ'l':_‘." is an adrial animal?

like the lizard and the serpent. The frog, however, has not
been thus all its life. 4. When young it was a fadpole,
you all know that; it then lived continually in the
waler, and was an agualicanrnal. 2, So here is an ani-
mal which when quile young was aguatic, and that has
become aérial alter having undergone what is called its
melamorphosis or transformation. For it and its allies,
toad, salamander, newts 3. a group has been formed,
called the Amphibians*®, which signifies doubl? life.

Still another difference cxists between Amphibiansand
Reptiles. Examine the skin of the frog, it 1s moist and
nearly smooth; now look al that of the snake: is it soalso,
George? — No, Sir, il is quile covered over with scales,
— Like that of a fish? — Yes, Sir. — Look again, you
have made a mistake. See, the scales of the quldﬁﬁh
are quite distinet and separate, so that were it handled

- too m“ghlﬂ’ one or more might be wrenched out justas
L

a hair might be pulled from your head or a feather from
a bird. 'This is quite impossible with the scales of the
snake; what you take for scales are merely folds of the
glkin : they are-called false goales.

“Let us now recapitulate. 4. Reptiles are aérial ani-
mals; their skin is covered With false scales. — 5. Am-
phibians are aqluahc animals in their youth, and afrial
when fully developed; their skin is bare. — 6. Fishes
are aqualic animals; their skin is covered with real
scales, distinet the one from the ogher.

1. Whatl was its mode af existence | as the frog? — 4. What are the cha-
when it was a ladpole? — 2. What | racteristicspf repliles? — 5. What are
deduction do you draw [rom this | those of the Amphibians?— 8. What
facd? — 3. Whal group has been | are those of (=h?
formed. for anumals of the samo kind
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SUMMARY. — VERTERRATES.

1. Bisiston of Vertehrates (p. 13}, — Vertebrates are divi-
ded inte several important eategorics, namely Mammalia, Birds,
#  Reptiles, Amphibions and Fishes. )
+ 2. Warm-blooded anfmals (p. 16). — The mammalia are
hair clad, and give milk to their young.
* 3. Birds hiave n bill or beak, wings, fealhers and two feet,
4. Mammalia and Birds have warm blood.
§. Cold-Blooded animals (p. 16). — Reptiles have cold
1 blood, their skin is covered ®ith false scales.

6. Amphibians have cold blood, Wheir skin is bare. When young
they live in waler and are aquafic, When full grown they breathe
air, and are abliged o come to the surface for Lhis reasom : llll-!!'___
are then adrial animals,

7. vom his double life they take their name of Amphibians, -
i word signifying fwo [ives. ;

8. Fishes have cold blood, are aguafic. - Their skin is covered
willt real seales, dislincl from one another.

[Ensy sebjects for composition may be found at page 81.]

VERTEBRATES. — 14 Mammalia.

I11. Mankind, — Wa will begin the study of
Mammalia with mankind; for man belongs to that ca-
tegory. -

I willingly allow that man would-have well me-
rited = particular division) all- for himsell, so great is
his superiority overall thé'other members of the group.
Biut let us for o moment forget our intelleciual faculties,
and consider only our body : in this case we cannat Lut
confess tllat we have no little resemblance to monkeys.

We walk upright, however, and stand erecl on our two
legs, and that mon l{tys cannot do; we have strong and yet
delicate hands, with which, on account of the existence
and position of the thumb, we can grasp firmly or feel
nicely, Our bodly is almost bare, excepting the head
and part of the face.

All the members of the human family who live dis-
persed over the surface of the ‘globe are not exactly
gimilareto the men of this country. Even here in our
. willage there are’ fair people and dark people, pretly
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different from ench other. A big fair-haired native of
Denmark * for instance, and a little dark Nalian resemblo
each other still less.  But all the populations of Ewrope
have awhitish skin, as we have (fig, 211, regular features,

7

=, L w“}\.\_{:rfé
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‘ o r.r-." i b
Fig. =1, — White mes (Europa) Fig. 22, — Yellow race [Asia)

a straight nose, well poised jaws, and smooth Lot silky

and sometimes wavy hair,  Chinese {lig. 23] have yellow-

ish skin; their hair is smooth, black and rough ; their
eyes are obliquely set, their tecth promiment. Ne-

Fig. 23. — Negro race m[::l::p. Fig. 20, = Red race {America).

. . -
groes (fig. 23) have black skin, [rizzled woolly hair, vezy
prominent jaws and a broad flattened-out nose; they _ -
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are less intelligent than the Chit

LY f i
.--u,mm.? el lu? s
than white men. In Admerica YWe. 2 ;

] Wi, A2}, there_gxis
another race, which somewhat L'ﬁ:at‘:l‘}'lﬁﬁ-ulfo elhotw
race, only the men are taller and stronger, and their
skin has a reddish tint., There are also ul:m{' other
races of less numerical importance or loss easily delined.
1. We will for the time L.:jng take notice only of the
tehite raco of Furope, the yellow race of Asia, the
black rvace of Alfrica, and the wed race of America,
Unly you must know that white men heing mare intel-
ligont, more industriond and more courageons than the
others, have spread over the whole world, so that the in-
ferior races disappear as they are subjugated * by them.

Maoreover, the mferiority of some races of the humane
famly is most manifest, For instance Austalia® is.
peopled ]?' men of stunted stature, with blackish skin,
straght black hair, and very small heads. They live in
rrontps, and meither cultivate the ground nor possess
S‘IIIH:-“HL‘ animals (excepting a sort of dog), Their intel-
ligence is very limllm!l. In other parts of the world
some tribes exist that do not even, know how o make
fire,

12, Monkeys. — In the highest rank amongst
monkeys or apes we must place three great species

= i1 -
. EA}
- |

e . .
et

e

Fig, 24, — g-oul Fig. 26. — Gorilla Fig. 27. — Chimpanzes
HES (Imrululr:rh i £ {Afrbea). [Alrica).

5 "
much more intelligent than the others, and having
closer resemblances to the human family.

2. The most anciently known of these large monkeys

—— e e —— :
T What ars ths princtpal races amongsl men? — 3. Nama Lbe Lhree highest
groera of monkeys.
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is tha Orang-outanyg (fig. 25), which lives in the forests
of Borneo', and whose slature sometimes reaches the
height of more than 4 feet. On the Gaboon® coast and
in Guinea® the enormous Gorilla (lig. 28) 15 to bo found,
This powerful animal has been known to attain the
stature of 6 feel. The Chimpansee (fig. 27) also is
an inhabitant of these same countries; its height rarely
goes beyond 4 fect,

These animals have no tail, they walk generally
with the help ot both feet and hands, putting only
however the knuckles of the%e last 1o the ground ;
somclimes they even sland almost ercet like a man.
But like all other monkeys, their great toe is like
a real thumb, separated from the other toes as our

. thumb is from our fingers; this enables them to climb

with the greatest case; they are able to seize the
branches of trets -with their feet as well as with their
hands. 4. This is the reason why you will often find
that monkeys are designated by the name of guadrumana
(four handed), whilst the name of bimana (1wo handed)
1sapplied lo man. «

These great monkeys live in little families, are ex-
tremely intelligent, of course I mean for animals, are

‘easily tamed® when caught young, and can be sometimes

trained to make themselved uselul in household service
on account of their stature and their almost erect gait.

The other species of monkeys- are extremely nume-
roms. They live in the,wartn climates of both hemi-
spheres®, almgst always in -countless troops, gay and
noisy, always eclimbing, gamboling and teasing one
another in the forests, where they mainly feed upon fruit,

13. Bats, — We shall now pass on 1o the fats. Lam
sure that al first thought, il astonishies you that T should
range the Bats amongst Mammal®fa. Have they not
wiu%s? I have no doubt that the lauct of their flying
would rather induce you to consider them as birds.

In order lo give you prools againsl such an error,
I caught one last night, by means of a light, and put it
in the schoolroom, leaving the window open. Here it is
quile unharmed under this glass shade. Let us et Lo
work and examine it"(lig. 28). ; - ey

5 -
+

t. Whal pams ia often given lo mobkeys?
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1. In the first place, we see that its body 18 covered
not with feathers, but with hair; morcover, its head is
adorned with a pair of long ears, and certainly you

never saw o bird have ears,

To enable us o examine it

smore closely I will take it owt of ils prison; only, for

J‘thal purpose, Lwill prudently, but

withont hurting it, make use ol
u pair of L:'mum's, Why so?
Decause it has got very sharp
teeth, and would be very weady
to use them on my hands.  You
never heard ofa bird having teeth,
did you? Thus the bat has nei-
ther a beak nor leathers, whilst
it is frovided with teeth, long
ears and fur; it cannol then be a
bird.

Andilswings? Ah! theyalso
demand close examination. See

Fig. 38, — Bals (Mammalia
== Tha bal bas neither Lcal
nor feathers : bul has bair cara
aod teeth. [ls wings are comn=
pozed wob the skin of the back
and breast stretelsed cut, and
sustaimed by the prolonga-
tiom of the Gnger homps, —
Noelurnal animals uvselul to

icullurs,
I have spread one out completely, """

How different it is from a bird’s wing. 2. It bears no

« leathers whatever; it is composed of a thin membrane®

or film stretched out upon a bony frame, and unfoldin
like a fan. The bones are in reality those of the fingers
considerably lengthened out. The membrane is double,
and is formed by a prolongation of the skin of the back
and that of the breast, which has beeorhe in that par:
ticular place very thin. This mémbrane extends i}
the arm to the mi{ embracing this and the Rg® This is
certainly a very odd kind of wing.

Now, in,order to see how our bat can use these
strange winﬁs we will let it free. Sec, it Nies away
clumsily and heavily,sand seems not to know where to
direct its flight, Can you tell me wh]\;? 3. O course
jou can. It is because the sun is bright, and the poor
fmt that shuns light and never comes out of its corner
until twilight*, being whatis called a nocturnal® animal,
is altogether dazzled. Ah! it has found the open
window, and will now be able to go and hide itself in

————— % SR
1.#Why cannol  bats b ranked | birds wing? — 8. What name is

amongsl birds? — 2 Whal is the | given to animals, that like the bat
difference betmeen abyl's wing and a | aveid the light of day?

& &

rom .
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some dark hole or cellar,  "There, with its wings folded,
it will suspend itsell Ly its hind claws,, and will sleep
head downwards all day long. 4. In the evening it will
wike up again, and go forth to hunt insecls, amongst
which it makes greathavop., 2. So you sec the poor little,
ereature 8 a friend to gardeners and g'ru-utm's, ared
{eserves to be protected, Some foreign bats are fruit-
eaters.

3. During winter, bats remain in their holes, where
they slecp all through thg cold scason, and need
neither food nor drink. They are then in what is called
o dormant or hibernaling state’.

14, Ilnsectivorous animals. — 4. Other mam-
malia, wingless this time, live upon insects, hence
the name of Insectivora, Insecl ecalers, somelimes
given to them. 5. TlmIY are all of small dimensions:
you can easily “Funcy that such food would scarce be
sufficient to keep alive large animals.

6. In this country we have the Hedgehog (g, 29),
whose hair forms great spines which serve 1t as defen-
sive weapons when it rolls itsell up in a ball; it is also
an animal that sleeps during winter, a hibernaling
animal.

Fig. 29, — Hedge-hag. — ln.:l!?:li- Fig. 30, — The mole. — 1 eals whila
’nf bair it h.'ui[]inpf_ And sleeps worms or larvae pmast oot be de-
laruugh the winter, ! streyed).

L
"Fhe maole {fig.30), that with ils strong broad 1'1:43}!10]10“'5
out subterrancous galleries, isanother example; it has ex-*
tremely small eyes, which like the openings of its ears
iwro hi-fﬂen in its soft silky fur. 7. [t is a great mistake

o

1. What is the principl . fosd of 1 insectivorous? — 5. What in in ge- ¢
bats? — 2. What must we conclude neral the size ol inseclivorons animals? !
from this? — 3 Tell me why bata | — 6. Name some G™ibesg animals. .

aresaid in winler to be in 3 dermant | — 7. Why should Ihs mole™wol be
wate, — & What is meant by the word | destroyed 7 LE

-
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to destroy the mole, as people often do; it never eats
the rools of plants, but swallows countless numbers of
destructive leervae® and worms
that live deep down in the carth.

The Shrew Mouse (Gg. 31), ~
another insect ealer of ‘our
“country, is very like the com-
mon wouse, only ils nose is
longer and sharper, and s Fig 31, — The shrew mouse.
well-whetted teeth are perfectly en e g
adapted to its mode of life, .
ena.{sliug the little ereature to Lreak open the thick and
crusty carapace” of insects, .

15, Carnivorous animals. 1. We will now
begin to study animals that live upon flesh, that de-

vour"mammals and Lirds alive. ‘Those are the Ferine ’

or carnivorous animals (from the Lglin caro, carnis,
flesh, and vorare, to devour).

The most perfect and complete type of the race, the
best organised for the chase, is the Cat. Let us thow
examine our good pussy, if she will kindly allow us 1o
do so. Look at her paw, in the first place, see how itis
armed with sharp cutting elaws; she well knows their
value and takes good care of them, for when not re-.

uired, they are withdrawn into the paw [!iig. 32) so that
their points do nol even Touch the ground, this keeps
them always in good working order. The sharp point
of the claw never comes ont (fig. 33) of its-sheath ex-
cepling when the animal stretcles out its toes to climb,
or to strike its prey”. Look at ils mouth® (fhz. 34); see
on ecither side these long, strong and pointed teeth
that lay bald, of the prey®; behind them those others,
sharp and cutting, thai play upon each other like the
blades of a pair of scissors, tearing up the flesh.
Whit weapons these are! Ifa common cat can use them
s0 as to do great harm, just think how a lion or a tiger
might enTiﬂ}‘ thgm. 2. For the tiger and the hon
are merelly enormous cals, able to lreat a man as a cal
does a mouse. )

The most formidable and fierce of the tribe, the

—
Y. What pame is given lo Desh- | known class of acimals do the lion
ealing animals? — 2. To what well | and tiger batoy ?

i 9

¥
1
|

2
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Tiger (Rg. 35), with its beautifully striped skin, is a na-
live of Asia, It is exceedingly bold and dﬂ]‘]!‘!" and at-

. Fig. 32. — Cat’s paw  Fig. 33, — Cal's paw  Fig. 34, — Cat’s mouth. & loug

= torepase The sha Jusl going Lo strike ointed teeth in front; sharp
k = zlaws do nol Loue its prey. The claws ack teeth.
the groand. ara siretched out,
3 y .

tacks man with-gych ferocity that in 1875, in British
India alone, 917 men lell a prey to them.
The Lmn. (fig. 36}, an inhabitant of Africa and of

.o Pl 35 Tiger (Asi). Fig. 36. — Lion {Africa).

“certain regions of Asia, is legs aggressive’; but it preys
heavilv upon wild and domestic animals.” It has been

Fig. 37, — Pantber (Afriea and Asia).  Fig. 38. — Jaguar [(South America), |

calenlated that each lion in Algeria® msts the colony* t
about £ 800 yearly. ' }'
, The beautifully spotted Panthers ffig. 37) hut ruruly
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allack man. Several species of its kind are to be met
with in Africe and in Asia,
In South Anieriea, lives the Jaguar (Rg. 38). almost
ag hig as the tiger, but not nearly so dangerous for man-
1 kind : its skin is covered with spats. The Puma (fig. 39,
; _}:“']IHSL‘I skin 15 neither spowéd nor striped, bears also

9

- 5 g R S

Fig. 39. — Poma (Soath Amerscaj. Fig. k0. — Lyns {Ereje)

the mame of American lion, which name 1t justifies
~ neither by its sirength nor by its coumeto,

In Europe, we possess, of the cat kind, only the wild
cal of our lerests, the ancestor of our common domestic
cat, and the Lynw (lig. 40}, which is sull found on some
high mountains,

Next to the Cals come the Dogs. Their teeth
somewhat resemble those of cats; bt their claws are
fixed, and cannot be withdrawn like those of pussy. We
have in Eurape the Wolveg (fig. 41), which, though no

RIE S e e e e o

i i R e

Fig. 41— Wolves attacking an elk {Europe and Asia). I:‘IE. 2. —The Foz
Very desiructive to sbeep, lever bunler o

. ponltey.

F

very dangerous in The western parts of our continent,

are very redoubtable in Asia and in the east of Europe,

where they live in great bands; in Russiathey devour, on

¢ .an uvcrag\a. -L_:F_warfls of two millions sterling of cattle

z . i;narl}‘.- Ve have algo the Fox (fig. ﬂ'ﬂ, sly and clever
~ -hunter, that hollows out & home to dwell in.

] £l
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In Algeria and in other parts of Africa, also on all
tho Asiatic shores of the hlﬂdimrmnmu sea and even
in Greeee, lives a sobt of linde woll,
the Jackal (fig. 43}, that makes greal

- {'g\ havoe amongst fowls and game,
& The' Hyenas (fig. 44) are African®
‘:ﬁzw'm!f*_ A animals, they arc big and stronf,
15 S erin, Lt prefer dead Lodies to live Mesh.
Fig. 43 — Jackal{Africa). They neverattack man, Thesiriped
.ﬂl[u.-n" lo game and ”Hﬂm iz o native of ;‘L];_:crm,
] bt Bears Lre to be found all over the

world, except in Africa. In Europe we have the Brown
Bear (fig. 45); it lives in the Alps®,in the Pyrenees’, ete. ;

Pt

Fig &4 — Hyena [Africa). Kover attacks  Fig. A%, — lirewa Bear of Lbo Pyre-
man. nees, Prefers fruits and honey, Lo
flocks and herds,

i

*  itis not much to be dreaded by man, being of a peaceful
+ - disponition, forit prefers, like many of its relatives, fruit
~, and honey to the }lnsh of flocks'and herds. The whife
Bear fig. 46) which is1o lie met with in Spitzbergen®, in

S
|

Fig. 46, — White Bear Egi i —The
10N s e P Tl ek
Greenland®, and 1n all icy regions of the north, with 11s
neighbour the Griasly Bear (lig. 47), are not of such an
| accommodating nature; they consider madings thie most * )
. desirable prey, and it is often extremely diflicult to get ~

l out of their reach, e
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The Badger, a native of our forests {fig. 48), has some
points of resemblance with the bear; it is execedingly

N R &

- Fig. 48. — The Iadger. Fig. 49. — Tha Civel, Fig. b0.— Tho Murtin,
Eals grapes and poultry, o Live on pouliry and sanall pame,

fond of fruit, but by no means disdains to pay a visit to
the poultry yard.,

- Greal enemies of fowls and small game are the Civet =
{fig. 49), the Martin (fig. 50), the Weasel, the Ermune

- - L .1 ol
RS v N
% Sk T
e —

Fig. 51. — Ermine. Fig. 52. — Paole Cal.
Eat poultry and small game. sy

(fig. 51) and the Pole cat (Rg. 52) all of which are long
slender creatures, commonin European woods and hedges. - 2
In return, we search thiem out, not only to punish their 1
depredations but also becanse - = A
their skin affords warm and béau- |
tiful fur. These furs are how-
ever much finer and thicker in
cold countrid®® In Siberia® mil-
lions of skins are sold yparly,and
zit is the martins, ermines and = 53
gables (hat furnish the greater —— —
- part of this EGSLI]" merchandise, Fig 5 — T!blﬂll'.lurr Destrays
+  The Otter (fig. 53), long bo- A
died, pursues and destroys the fishes in our ponds
and rivers. ;
» 16. Edentata. — The Edentata, orso-called tooth-
less animal®} are strange creatures unknown in Europe. i

- They have few if any teeth, and feed on tiny insects. The
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most remarkable member of this family is the great Am
Eater (fig. 54), an inhabitant of South Ameriea. lis
length sometimes attdins 4 feet 9, nol
i:mnn]ing the tail, which appendage
measures aboutl 2 feet 4 inches., I 1
has nd tecth whatever, but is provi-*

ied with a long pointed tongue aboul %
15 inches long, covered with slimy

¥
N and sticky sarjvn: which it thrusis ‘
Fig. 54. — The greal Anl [y o - = & L
L Eouth ot [orth into ant ]”ijf' Or 4Cross l.|!J_EJJ
Lives on ants, wonted jmaths. The unsuspecling

ants that venture thereupon are con-
demned lo death, being unalile to free themselves, and
. « When a sufficient number is thus caoght the anl eater
. withdraws its tongue covered with its living burden

' mnto its mouth. .
17. Rodendin, — We have now passed in review
all tke flesh eating animals, at least the most interesting
among them. 4. Lel us
now glanee at the plant-
eaters, or [Herbivorous

animals,

The first 1n orderare the
Rodentia or gnawing ani-
mals. Look atthis pictare,
it represents a rabbit's

2 Fig. 55. — Rabbits head [herbivorous !’Ii’.:ﬂ.{r ihg' SRR fae

N w T guawing ankmal), o 1&\1.', you may abserve two

* . longteeth,which rub upon

eacn other %o as to gnaw vigorously whatever happens

to come belween them; the under jaw works backwards

‘ and forwards so as to produce the neegggary rubling
I and gnawing movement, This rubling inevitably wears

the teeth, only as they grow as efast as they wear out,
they always remain the same length,
The principal members of the rodent family that
mbabit our country are: the Squirrel (lig. 58], nimble
iz as a monkey, 80 gay, so pretty and so lively, in summer
at least, — it sleeps in its nest all the winter through.
The Dormouse ﬁlg. 57), and the Garden Dormnouse
™

1. What pama 5 given lo plant | do the sguirrel, rabbit and donse owe
ealing asimals? — 3 Te whatcause | (héir name of gnawing snimals? - =

"
- .
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{lig. 58), are smaller than the squirrel, but quite as
pretty and more dormant still. Then eome the fials, the

- ‘".1“ d\%
=
o

M : e k- b : o
p Fig. 58, — Syuirrel. Fig. 57 — The Dormouass. Fig. 58. — Gurden |
Rodeut. RAfdent. Dormowse. Rodent,

Mice, the Wood mice and the Field mice {fig. 59), that
*  have earned by their I{ilﬁ:riug'sunh a deplorable reputa- .
tion; then there are the [are (fig. 60) and the Rabbit,

Fig. 59. — The Field moase. Rodeat. Fig. 60. — Thke Haro. Rodenl.

well known by everybody, and the Mountain rat or. .
Marmot (lig. 61), found in Alpine® regions, so cele-
brated for its sound hibernal sleep.

We may also mention among European rodents, the .
Beaver (fig. 62). Some sirpy m.emhcrs'ut' this family, I

PN :
gt A T = !
FIF. Gl. — Marmol Fig. 62. — The Beaver Fig. 63. — The Poreu- I
. Alps). Rodent, §\'url11 Ameriea), Fro- pina (Italy and Afri-
eal, ea). Rodent,

are to be found along the banks of the Rhone®, bul their
Il_l‘illﬂiilﬂ.l quarters are in North America. There they
ive in large colonies’; they constryct dikes* upon the
. rivers, buffd themselves huls, cutting down the neces-
. sary wood with their powerful teeth, and working the clay

3




Porcupines (fig, 63) exist; they sometimes weigh over 30
pounds, and their prickles are sometimes a fool long.

1. Morses.— [lorses are real herbivorous or grazing ;
animals, as you all know ; the nature of their food might .
indeed be guessed by the* mere examination of their -

' ]
3 I = ANIMALS, : :
with their broad scaly tails. In Italy and in Africa, :

t back tecth (fig. 64). 1. Instead of being like those o~ |

o Fig. 64 — Lower jaw of 2 borse. Fig. 65. — The norse has anly one -
= ; fromt teeth ; B, fat molar teeth foe which tr-‘rnu’!lat!s in & nal
(berbivorous). forming the hoof, h

inseet caters, armed with sharp points or blades like
those of flesh caters, theirs arc quite flatlened out, and
can but act as grind-stones lo broise the grains and
grasses on which they [leed.

2. A distinctive characler common to all of the horse
kind, is that each oot has but one toe, ended by a sqrt
of nail, which completely envelopes the extremity of the

p - _clos forming what is ealled the hoof (fig. 65).

" &
| L]
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®
66, =1, The Azs, . 2, The Quagga 3 Thellemionus, &, The Zobra,

3. The principal genera of the horse kind are the
Horse, properly so called, the Ass (g, 66}, the Daww, *
the flemiane, the Zelra,

1. What peculiarity do the molar | horses? — 3, Mamawibe principal
teeth of horses present? — 2. Whal | species of horses
disfinciive eharacler iz common 1o g
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19, Ruminantia. — 4, You have doubilesa all
sean a cow ora, sheep chewing the cud, or ruminaling, Lo
uge the seienfilic expression, that is to say, chewing,
1 although they have apparently nothing to eat. [wall

explain to you how this llm;qu.'us, 2. These animals eat
very fast, and masticate® but im]ml'lunllif when doing so.
1 | When they have laid in, as it were, a sulliciency, and are
al rest, they have the faculty of bringing the food back
tnto their smouth; i is then chewed at leisure, =o as to
[acilitate the digestion whyn finally swallowed.
: The ruminaling animals are almost all of rather con-
siderable size, some are even enormous, 3. Their mo-
o lar® or back teeth are flat, like those of the horse; their
stomach 1s composed of several pouches, and it is this
weetliar character that allows rwminalion. 4 Their
F{-cl have two toes, each of which is protected by a hoof
{lig. 67). 5. The first in order of thrs"descriplion that

shinep, camals, deer, gi- “minznt. -
rafes, ole).

- >

[ will mention, is the Camel, two domesticated* spacies
of which ar®*well known : the Camel with one fiump,
or African dromedary (lig. 68), and the Camelwith two
huwmps, a native of Asia (69). Both of these are equall
“uselul on account of their strength, their docility, an
fitness for desert life,
In South Ameridh there exist animals that bear some
! resemblance to the Camel, only theyare smaller, and have

1. What iz meant by the word ru- Bedd? = Anid their slomachs? —
minaling =1, eiremination | &, [low many loes have these api-
take place™ — 3. What peculiarities | mals? — 5. Tell ma the different

" 4o the meolar teeth of ruminants pos- | species of reminating snimals,

i * A

. )

Fig. 67. — A Toot with two : Fig. 68, — Camel with doo hump,
loes. Ruminanols (cows, Africad dromedary, Very,useful Ru-
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no hump at all.  One species of thess eamel-like animals,

"
¥

Fig. 6 — Camel with twa humps hgm'm, - L.:ul: {Suull America).

3 & Thiw L camel=like animal wilboul
E;:;I:J L= of great wlility. Ruami: b Muminasl,

* the Lama (fig. 70}, has been domesticated by the Indians.

F||'i . — The ﬁu‘:"la yAlricay
1 Irom hegd tg fes 18 feet,

Fig. 73, — Hoe-Deer tl-..umqnj F!: The — Falhr-r—Dm [Europe).
Rumisant. Rummnlt

1. The Girﬂﬁ‘s.. (fig. 71) stands soppetimes -18 feet -

1 Tell me the diferent species of ruminating animals, i

" y LE

: 9 |




VENTEBRATES — 1. MAMMALIA. 35

high; it is only to be found in Africa, and but one spe-
gies is as yel known,

1. The Deer fumily, on the conlrary, counts a greal
number of species, which are to be found in Europe,
Asiz, and America. .

2. Their prineipal characleristic is that the head of the 4
male is adorned with solid horns, which are in reality
outgrowths of the lones of the skull, that fall off
and are rvenewed every year. In Europe we have
the ltoe Deer (ig. 78}, the Fal-

T e

: - K : l.'-g jb.— Hnn-dn:r. ]'il.-il.lilmnul.
Fig. 75. — Elk {North of Europe), As large A mosl wseful amimal o the
28 a horse.  Ruminant, ley regions. g5 = o

low Deer (fig. 74), and in tle northern regions the Elk .
1ﬁg, 75), about the size of the horse, and the Reindeer, |
fig. 76), so useful in-the icy wastes. The female of the
Reindeer has horns . 4(
like the male. ; |
3. Sce here is a ;
cow’s horo; it is o
gort of fo My sheath.
On the heast's head,
this sheath fits ovér
a sort of bony pro- .
}umimm' : Dl I}ﬂﬂ g e,
orehead, which oills . i
it cx:u:li;. TR i L0 21 = BisoR (North Amaca). =il g
tuberance and ifs .
sheath are never shed. All the:ruminantia that bear

1. Tall e tha differeat specias of | = 3. Wihat peculiarity doco®s’ horus
ruminating snigals. — 2. Whal Is | present?
remarkable about the horns of deer?
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horns of similar description form a class apart, and are
called Hoflow horned Buminantio. :

Owen are the largest animals of this kind, and also
the most nteresting.  In Europe, in Afriea, and in Asia
several species have beey domesticated. Notwith-
! standing there is sull to be found, even in Burope, »

big imuﬁed, |11|n|];1|uwkml wild ox. 'This animal lives
in the forests of Poland®, and is not unlike the Bisons
fig. 77), which inhabitin countless herds the prairies of
North America.
i Sheep and Goats are also be*numbered amongst do-
| mestic animals. But there exists in the Alpine® moun-

QY

?
ll.r'_ :

G
e

r
L
"
; i
Fig. 78. — llex or Wild Fig. 70.— The Wild Fig. 50, = Lazelle,
Geat of the Alps. Rumi- Eheep of Corsica. Reminant,
mant. NMiemimant,

tains and in the Pyrenees®, a sorl of wild goat {fig. 78),

) - and in Corsica a wild shee (fg. 79).
= . Lastly,the general name up.-l nfelopesisappliod loavery
numerous species of other hollow-horned ruminants of
: varied form and size, that live in
hegds -<in Alviea. The African
Gaselleiig. 80), has a world-wide
celebrity, One species of these
ii%ﬂt‘.‘ and graceful creatures, natives
of South Africa, whesssmigraling
- +  [rom one place to another, travels
Fig.81. — The Chamow of 0 herds of fhout 20,000 head,
the Alpsand Pyreness. Ru- carrying along in  their ranks
whatever they happen to meet. In

Europe, only one species is o be found, that is the-

Chamois (fig. 81) of the Alps and Pyrenees.
! 20. Elephants. — {. The Elephant (fig. 82) is
the largest of all land animals, it sometimes attains _ the
weight of 14,000 pounds, and stands wseve 9 fect

' L. Which are 1ke largest of land animals?

ik =
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high. Everythng is remarkabls in this strange ani-
mal; the prolangation of the snout, which forms the
long Mexible trunk® it so eleverly uses; the two enor-
mous tecth called tusks, that adorn its upper jaw, and
_ Jvhich provide uselul and bioputiful ivory; their great

Fig: 82, — The:Elephant of Alrica. — Weight 14,000 bz,
Slands 8 tp 13 Teel high.

intelligence and their easy taming; the great services
they can render in carrying burdens at the chase or in
war, elc.

Two species of this powerful auxiliary are known:
one is a nalive of India and Ceylon, and is at the pre-
sent day the only domesticated pne. The other, with its
large ear flaps and its prominent forchead, lives in
Africa, The negroes mni-m no use of it; althongh it
was in ancient limes tuch_cmployed by the Grecks
and Romans, and there is no reasem why as much shoul
oot be done in our day.

21. Pigs. — 1. Therc are other
mammals besides those which we have
mentioned, chitef amone which is the
Pig. This ereature is,bul a domes-

~ticated form of Wild Boar (fig. 83).

2. Passing over Lhe several species
of wild Lioars that are found in Asia,
Africa, and even in America, the most F" A
interesting of those remaining is the B ’ﬁi,ﬁrﬂ,:m_ L
”r?){:ﬂpummus, .

The - Hippopglamus (fig. 85) is yery massive and
s i %

. L What mame 1§ given la thick- LWhe most inléreating of the so-called
ekinned apimals? — 2. Which are | Pachydermata?
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heavy, so much so indeed that on land it is scarcely able
lo walk., In the water, however, where it almosl con-
stantly lives, it becomes quite agile. 1L b an enormous
mouth set with great massive leeth, which yield a pre-
cious sort of ivory. The hippopotamus is to be found

Fig: 4. — Bhioceeros. Pachy- Fig. 85, — Jlipfnput:lmus {Rivars af
dermata. Alriea). Pachydermata,

in almost all the large rivers of Africa. These pig-like
animals, like the Rhinoceros (fig. 84), have a thitk lea-
thery skin, for.which reason they were once grouped to-

gether and called Pachydermata, ;

This however is an error, for the Rliinoceros, strange
as it may appear Lo you, is now known to belong to th
same category as the horse,

22. Marsupialia.—1. Inthe great Australian island
there exist, cxcaﬂting the dog and some of the bat tribe,
oo mammalia having much resemblance to those of
the other parts of the world. The mammalia® found
n Australia have quite petuliar characteristics.

B b Aok o 1l

5‘.

i)
o€
ey
—

Fig. 88. — Kangaroa [Auws- Fig §7.— Ornitho- Fi . B8. — The Opassum
ralia). Hasa pouehinwhich  rhynches{Austra- ;.Emaﬂﬂj.klum;mh.
s youngare protecled. Mar-  liay A dieek'sbeak
sopialia; w:l:..ru

oled. -

2. As in most cases the young of those animals,
when newly born, take refuge in a sort of pouch (in

1.Whal peeulisrity do ik mammals | tho name, Marsupiclia gives 1o a
of Australia poseess? — 2 Whyis | proop of Asstralian mammals?

;
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latin, marsupion) situated under the mother’s abdomen,
the name of marsupialia has been given o the group.

Amongst Marsupialia there are flesh ealers, insect
eaters, and also grazing animals.

The best known of these last is the Kangaroo (lig. 86,
a strange ereature, that wilk the help of its a1l and
enormons hind legs, is able to procced by prodigious
bounds, when pursued or otherwise pressed. The
largest speeies of this animal altains the height of
6 feet, and even more.

Another strange Austfilian mammal is the Ornitho-
rhynchus (fig. 87),whose jaws are enveloped as it were
ar transformed into a fatiened bill like that of a duck;
like the duck, it is also weblooted. -

One only of the Marsupialia group is to be found out
of Australia : it is the Opossum (lig. 88}, a native of ~
America; this little ereature lives on flesh.

05, Senls. — All the animals that have until now
occupied our attention live on land. 1. True, the Otier
seeks its prey under water : there also the hippopolamas
Lmssus a great part of its life; but although fond of

athing and river life, they come ashore, and walk and
run on the dry land.

0 This is not the case with Seals {fig. 89): their.
fect, Nattened out and fashioned like fins, enable them

-
Fig. 81— Seals. Live i sands, onlbe - Fig. 80. — Walrus or sea-horse{North
banks of riversand in uul.-i.rngmua. geas), la-a wery dangerous amimal,
Hlag two enorimons busks,

only to drag thewr bodies heavily along the ground.
Almost the wholp of their life is spent in tho sea, and
lhgf swim and dive with marvellous agility, They live
exclusively on fish, :

1. Amongst bemmammalia alresdy | dey land.— 2. Nim# same wammalia
stadied nime v, that gillingly stay | that pad¥ searly all Ubeir lives i
in waler althoogh they coma om | waler,

‘ )
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Some few scals are to be met with on our coasls,
but in small groups enly: their real home is on the icy
shores of the northern seas of Lotk hemispliores®, where
they are wantonly and foolishly nms:‘»uurnd[. In 1870 the
Scoteh fishermen eaptured and killed 90,000 of these

animals. The fat or oil of scals is used for industrial

purposes, and their skin gives a beautiful fur, Some
seals altain the length of 30 fect.

1. In the northern seas, there live, in herds alsa, ani-
mals akin to the seal; these are walruses or sea-lorses
(fig. 90), specially remarkable® for the cnormous tusks
that adorn’ their upper jaw, They are very dangerous
animals, sometimes more than 20 {eet long, and when

.attacked in their native element they rush upon the boat,
olten upsetting it.

24. Cetacen. — Cetacea are mammalia that never
come on shore, far,they cannot live out of water; il they
happen to be cast by some tempest upon the seasshore,
they perish rcr]}' rapidly. They are divided into two
groups [ﬁ& 81) Whales and {:'m-pm'ses. :

i P s m s | e

Fig: 81— Whites."— Thay hare o seales. — Fans oo whalebane in tha uppar
Jawy warim booded. — Give milk to their young (mammalia) come to ibe
stirface of the water to breathn {airial), — Somelimes are 107 fegt long, —
Very narrow throat. — Celacsan, -

Many people have the idea thatgwhales are fishes.

Were any one to say =0 to you, Panl, what would ym],ﬂi-

answer? 2. [ would answor, that fishes have scales,
while whales have none. Well, and what clse? Ah!
I don't know if whales have warm 8¢ cold blood, —
3. They have warm blued. 4. Then whales cannat be

L. Mention one that iz akin to the
#al. — 2. In what way dges the
8kin of the whale prove Lhat il is not
 fsh? — 3, Whad deduetion do you

( : -

desw from Lho lmhﬁ;:lur: of its hlood?
— & low does ilTeed its young? —
In what mammer does it breathe?
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. fish. Gertainly not; besides they give milk (o their
‘ young, and are moreover obliged lo come to the sur-
s fiace Lo breatiee; for they would die by drowning were

they to remain under waler for more than half an hour.

You see a whale is not only an aérial animal, but also
~eone of the mammalia, :

But the Gelacea are strange members of the mam-
malian family. 1. They have the outward lorm of a fish,
the tail has become a fin, only itis pliced horizontally*
mstead of being vertical’, like that ofa fish. 2. Their
fore limbs are {nshioned ke oars or :
fins, whilst the hind ones arve totally
wanling,

3. Amongst cetaceans zome have
teeth, and devour prodigions num- rig or — Porpaise or
bers of fishes. Pnr'{miscs and Dal- 1':.’:::1‘::“ Livs-on [sh.
whins i[ifg 92) are of this category. ..

{‘.Iam].r of these animals are to be seen playing and roll-
ing in the sea around our coasls.

A large cetacean, the Cachalot or Spermacel whale
fig. 93]1, has tecth in the under jaw. It 15 sometimes
75 feet long, and is very dangerous.

Fig. 93. — Cachalel or sperm whale has teelh in the underjaw
fg somglinges 75 feel long. — ks very damgerous. — Celacean.

4. Whales, properly so called, have no teeth; only
- Jhe roof of their mokih is set instead with several rows
ol long, flat, and flexible horny growths ealled fans, which
are utilised under the name of whalcbone. These enor-
- mous animals have been known to altain the great length
of 107 feet, and to weigh 500000 pounds, which is about

| equivalent to that of 40 elephants.

1. \.\'I:.;t shape if=the tail of co- | 1wo cetateans that have teeth. —
taeea 7 — 2. What do Lheir fore= | & What fake the 3lace af testh in
I . v leel gerve ihem for? — 3. Name whales 7 .
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{. Enormous as these animals are, they feed almost
exclusively on very liny marine creatures, that floal
in great shoals on the surlace [fo the-sea. Why so?
[ think I can hear you ask, why do the whales not eat
lishws, certainly there is no lack of them? Well, it is
beeanse their throat is stoo narrow to allow them te
swallow fishes; a herring would scarcely lind reomtd
pass through it

2. Whales are fished for the whalebone of their fans,
and also forthe oily grease that lines their skin and pro-
tects them [rom the cold.

SUMMARY. — MAmMMALIA.

1. Mamkind (p. 19). — Man belongs to the Mammalian group.

2. There are four principal races among men : the white Euro-
peana, the yellow  Asiolics, the black Alricans, and the red shing
of North America.

3. Some less numerous inferior races also exist.

4. Monkeys (p. 21). — First in order among Monkeys, are Lthree
great genera : the Asialic Grang-oufang, the African Gorilla and
LChampanzee,

5. The other kinds of monkeys are extremely numerous.

6. The large species as well as the small live in warm climatas.

7. Bats (p. 27). — Bats are nol birds, but mammalia. They are
clad in fur, not feathers; they have erecl ears and teeth ; their wings
aro composed of a fine film or mémbrane which is a prolongatien
of the skin of Lheir bodies, and which is stretched out vpon elon-
galed finger bones,

* 8.In the day time bats sleep: ™ Doring the night they 0y abroad in
search of insecls, on which they.feed.  Therefore they are nseful Lo
growers, and oughl Lo be protected.

8. Insectivorons mammanls (. 24), — Olher insectivorous
animals thal have no wings, feed on insecls; thgy gre all small,
Among them we may mention the Hedgehog, whose skin is coversd
with prickles, — Lhe sharp nosed Field gouse, — the Male, which

swallows enormous numbers of white worms, and by ne means eats -

the roots of planls as people generally imagine.

10. Carnivorons mammals (p. 25), — The Carnivoraus
{Latin : Carwis, fesh) live upon Oesh., »

14. Their paws are very slrong, and armed with sharp and powerful
nails called claws; theirmouth is sebwilli long, strong, and sharp teeth,

12, The hest type of these animals is the Cat species (p. 26). The

i £ =

1. On what do they livd? — 3. What arlicles o commerce do we derive

from Lhe whale 7 i

( %

.
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Tiger (the flercest of wild beasts), the Lion, the Manther, the
Jiguar, all three less dangerous Lo mankind than the '|'ig'l.‘[. ari in
reality bul very big and powerful Cats,

13. Nexl to the ents, we find Dogs, in whichspecics are ranged :
the Wolfl dangerous in Asia and in Bussing the Foaz and the Jackal,
greal ravagers of pouliry yards.

i- 44, The Hyenas {p. 28), are fondér of dead bodics than of live flesh,

15. The Brown Bear (p. 28, in the Alps and Pyrenecs, prefers
fruit and honey o the Nesh of man or that of his Nocks and Lerds.
On the contrary, the White Bear of the icy regions, and the trissly
Bear of North America prefer mankind Lo any ather prey.

16. Edentata {p. 50). — Ths Edentata, thal possess few il any
teeth, are unknown in Earopean counlries, The mosl interesting
member of the growp is the Geeal Ant Eater, whose long worm-
shaped tongue proves falal 1o all ants that venture opon it on ac-
count of the shimy subslance il secreles.

17. Merbivorons mammals (. 32). — The Herbivora faed
upon Prasses,

18. The first in onder among those are e gnawing animals,
such as Nalibits, Squirrela, Bormice, Nats, Mite, Beavers, Marmots.

19. The Horse tribe (p.32) which includes the Ass, have fat back
teetlh ; on each fool, bul one finger or loe exists, wlich s completely
enveloped by o terminal nail. This nail forms the hoof-

20. Ruminantia (p. 33) so called becanse they vumiinate o
chew their cud, which aclion conzists in chewing leod which has
boen previsusly swallowed.

2. Theteeth of ruminants are flattened like those of the horse Lribe; .
their stomach iz composed of several ponches; each fool hag fiva loes,
terminated each by a hoof, ands they are hence ealled cloven footed.

22. The Buminants include @ the one humped Camel or Alrican
Dromedary. and the two humped Asialic Camel, which afford in
their nalive counlries Lhe services horsgs render inours; the Lama
of Soulh America, domesticaled by the Indians; the Giraffe of
Africa, that stands 18 feel high; the Deer, Hoe-deer, Fallow Deer,
Ell: and Rem-deer, which are used as beasts of burden in Uhe Polar
regions. AlL Ll:c.-ac. liave solid horns Lhat fall off and are renewed
every year; oosen, bisons, that are Lo e found in herds in the peai-
ries of North America; Sheop and Goals; — Anlelopes; — Lhe
Chamais of the Alps and®I'yrences, all having hollow horns that last
ail their life long.

23. Elephants [p. 36). — The Elephants are the largest of all
terresirial animals,  Jhey render greal services in carrying heavy
burdens.  In Africa a wild species is o bo fvand. whilst the Asiatic
species has boen domesticated.

24. Pigs. — Among the Pig kind we have the Wild Boar and the
Mippapolamus. The Rlinoeeros was formerly classed with them on
agcount of Lhe UiMkness of it skin, but thjs is no longer Lhe case,
ns that animak is now known Lo be related to the horse.

s 4 \
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25, Marsuplalia {p- 38). — The Marsupialia, excepling
one gpecies, are Anstralian animals. They have a pouch {marsu-
pium) under iheir aldomen, in which they earry [heir young, The
best known amongst them is the Kangareo. The Opossum alone
i o nalive of America,

26, Seals (p. 49). — The Seals spend the grealer part of Lheir |
life in the water. They live inlerds on the shores of the northern "
seas, where they are massacred in conntless numbers in T
ohlain their oil and theie skin.  The Walrus w ith its long Lusks,

iz ranked alongside witl the seal. 3

27. Cetaeccnns (p. 40). — The Cetacea or whale tribe com-
prizes Dalphins, Spermacett whles and Whales properly so called.

28. Whales are not lshes. They have no scales {whilst fishes
have); they have warm blood (shes, cold blood), they give milk Lo
their young, and would be drowned were they to remain longer than
balf an hour under waler : they are manimalue, and aie breathing
animals. =

29. Whales have, hanging down from the roof of the *mouth,
several rows of thal material vsed in commerce under the pame of
whalebone, cach row consisting of several bundreds of fringes —
Theirthroats areestremely narrow.  Theother Celaceans have Leall,

VERTEBRATES. — 2 Birds.

25. Birds, as we have already said, are casily recog-
nised, for they all posseds a beak, feathers, two wings
and two feet.

The beak, as, you can easily sce upon this fowl’s head
I have prepared lor the,lesstn, is merely a sort of horny
sheath that cqvers over or envelops the lwo jaws.

The feaihers when in a stale 1}]; full development have
a tube by which they are implanted in the skin; this
tube is continued by a full stalk, hearing 8n®ither side
a row of vanes; those in their lurn bear smaller vanes,
and those somelimes, as is the cas® with goose feather,
bear smaller ones still.  All these vanes adhere together,
and are woven into one another. All feathers how-
ever are nol so complete as these,  » : :

The wings are generally strong enough to allow the
bird to fiy. Some, however, like those of the ostrich, are
too shart lo allow tlieir owner lo rise off the ground.
Some birds use theif wings as fins, and Swim with their
aid under water = : o

(
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All birds lay eggs, and most of them construct nests.
— 4. The egg 18 principally composed of a stony
shell, n white part :llh]l a yellow part or yolk. See, hore
are two hon's eggs. The one raw, the other cooked hard,
I have broken the shell of the raw one, and ils contenls
have run out all over the plate. Do you see in the
yolk that litle white speck. 2. It is the germ, and
would have become a little ehicken had we lelt it lon
enough to be hatched under the mother hen. Ialmﬁ
now luke the shell offihe hard boiled egy, and carelully
ot it in two, 8o that you*may see the position ol the
yolk and the white.

3. When an egg is kept in a warm place, during a
cerlain length of time, the little white germ becomes a
tiny bird that grows in its prison, and as it grows gra-
dually absorbs the white and the yolk until it becomes
big enough to fll the shell, ‘.'.'J]iEL it then breaks with
its beak. 4. Thence it comes out in some cases blind
and almost molionless, like the young pigeon (fig. 94},

_T. ‘:ﬁé/n _='b.-' _-H w

Fig. #4.— Pigeen coming aut of itsegg.  JFig. 95. — Chicken coming oul of
It is blind and cannol move. = its egg. Can walk,

in uthers lively and nimble, knowing how to forage out
food for itsell’ and able o sun about, like the cﬁickcp
(fig. 95), or even to swim, like thie duck.

5. In the natural course of things, it i% the mother
bird that furnishes the heat necessary for hatching the
oggs ; she i ig that sits upon them, and that builds the
nest where eggs and young will be sheltered and

ept warm. The shepes and sizes of Lhose nesls vary,
ccording to the species of the builder. 6. But you

know that eggs can be batched by artificial heat® in
boxes made for the purpose {]fg. 06).

7. And this is not all 1 have to tell you about our

1. What i3 a bird's egg composed | & lo what state does the young bird
ol ? — 2. What is L= little white | coms oui of the sgg? — 6. How is
speck ssen in the yolk of an egE? — | the heat generally furnished for hateh-
3. What happens when n egg is ing sgga? — 6. Do amy other means
kept warm for a certain time? — | exist?—7. Name some birds ol passage.

\
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feathered friends. Some of them undertale long jour-
neys, very regularly, every year; they migrate as we say.
Thus, swallows eome to our country i the summer
time to lay their eges and bring up their young ; whon
winter "draws near,
and insects bheeome
scarce, they fly off
again, and relurn to
the warmer climale
of Africa. Sodo the
Quails, the Night-
tigales and  many
others. Someon the
B _contrary  visil our

Fig. 06, — Doz tor natebinng chicke s by artifeial country ﬂl'l]\" Zi'D “'i'ﬂ-

beat, The warmih of the mother is reploced I
by the heat of a stove. ter, when severs cold

, drives them from the
far north ¢ the wild ducks, wild geese, and swans are
of this class.

We will now rapidly glance at the principal groups
of birds.
26, Birds of Prey.— Some birds live exclusively
upon the live flesh of other birds, of quadrupeds®, or of
: . reptiles®. 1. 'ﬁilu:.' are for
o tns reason called Bivds of
Prey. 2. They are mar-
vellously supplied with wea-
» pons wherewith to accom-
. plish their work of destrue-
tion: they havesharphooked
Fie. o1, Wi beaks (hg. 97), long and
Beak ofa bird of  Claws of 2 birdof piereing elaws called falons
g';:;;;:“*‘“d El*:g"-t?i:ﬂf“" (fig. 98], and long pr.-ill'ltcd
winga  They Ny so swift'-
and for such a length of time that a falcon onee lost
the forest of Fontainehleau, in the centre of France, was
found the following day at Malta
3. Some birds nf;prey * hunt for their food in the day-

o ;

L Whal pame is given 1o those § iriction? — 3. What name 5 given
birds that foed enotirely on flesh T — | 1o (ke birds ¥ prey that hunt their-
2. What natural weapons have they [ Jeod in the day time? And 1o those
to accomplish their werk of des- | Lhat heot by night?

( £
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time, and are for that reason called divrnal; others hunt
after might fall, and are called nocturnal. ¥
1. Amongst divrnal birds of prey, we find Vultures
(fig. 99}, that feed on the flesh nFtlu:ul animals. Some
very large species of these birds exist in Europe. In
wrm gonntries they render reakservice in clearing away
®ad bodies that would otherwise infect the air. The

= ey
- dﬁ%
o s o il

. = Wulture. Fig. 100, — Conder (South  Fig. ted. — [earded
2 S g America), Vultore of Ue Alpa.

Y

Condor of South America (fig. 100}, is the largest bird
that fMies: it somelimes measures from one up of its
outspread wings o the other 12 feet; the T-’u.imm
of the Alps [lig. 101) is almost as large. FEagles
(fig. 102) ﬁ?e stronger wings and talons than vul-
tures; they are also bolder, and feed
on live prey. © Falcons (fig. 103) are
stronger still, pmeQLionulclj* 1o their
size, and more daring. In former

=

Fig. 103. — Faleon, Fig. 104, — Hawk,

Fig. 162, — Eagle.

+ " times they used to be trained to hunt in onr cou t 3
and are so still in Algeria and in the East. The
Hawk {i:jg. 104}, the Buzzard (fig. 105), the Sparrow

= "+ Mention soma didrnal hiflls of prey.

s \
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hawk (g, 108), and the Kite (lig. 107), are much less
slrone

Fig. 105, — Duzzard. Fig. 106" — Sparrow Fig. 107. — Kite. '
bawk,

1. Nocturnal birds of [}I]‘m have a soft downy plu-
mage which allows their llight to be quite noiseless :
L]

Fig. 104. — Common  Fig. 100, — The Bara Owl. Fig. 110. — Great Eagls
Ol ' Owl.
-

the openings of their cars arc vcrg wide, and their big

round eyes are directed tojvards the Iront. They all come
. under the general name of Owl (fig. 108).
Some have tufts of feathers Aﬁ that
stand erecton either sideof the hcarj, and
are called horns; others sych as the barn
owl, have no such oroament &Eig. 108).
A good many species of these birds live
in our country, from the Great Eagle Ow
{fig. 110) almost as big as a turkey to on
Fig. t11. — Small {fig, 111} about the size of a blackbird.
e Sie ol g hey make not i little havoe amongst *

: rals, mice, and other destructive animals

of small size; this should induce people lo protect

1. Name some noeturnal birda of prey. —= 2. Why ought hey net ) ]
destrayed 7 =i

(
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them instead of mailing them up on barn* doors, as is
the stupid custom in some places.

27. Parrots. — Parrots (lig. 112) are charac-
terised by their short clumsy beak, their Neshy tongue,
which ulfuwd them to articulaty words,
and their toes turned two forwards

< rnd two backwards, allowing them to
' elimb with ease.  Their remarkable in-
telligenee has justly enougl entitled
them to be called the feathered mon-
keys.  Like monkeys, they are natives
of warn countries, and their noisy
and‘ gaudy bands people the interiro-
pical® forestz of the old and the new
world.
28. Pigeons. — Pigeons in their
matural state are neither of great variety
nor of a great number of species, In
this country we have the '!Lu:i‘H:: dove
(ig. 113], and Pigeons, which last
have been domesticated. Fig: 13 7 TaRkie
29. Gallinaceans. — The name s
ol Gailinacean ([rom the Laun gallina, the hen) has been
given to the birdsof this group on aceount of their greater
or less resemblance to the [fey, which has been takenasa
type. They are grain-caling birds, Our hens are sup-
l posed to have originally come from India. Pheasants

«  Fig. 114, — Pheasans, *Fig. 115, — Paacock. Fig. 116. —Guipsz-
lowl.

{ig. 114) also, as well as Peacocks (fig. 115). The
«Guinea fowl (fig.416) came from Africa, and the' Tur-
* key éﬁ% 117} from America. In our country are to be
= found the common Partridge, and the Qum}} {fig. 118};

s 2
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and in the North, on the mountains, the Heath-cock
{fig. 119), the Plarmigan, ele.

o

. Ay o
Fig, 111 —Turh]' Fig. 115. — Quail. Fig. 119, — llgath-cock.
30. Wading-birds. — The Wading-birds are so
T o t. il _-_.:-I " 3 R .l' £ iR - ¥ r .
Tl ms e \.1‘ L . X
._ : _-_ .-- :.. = :‘_. -1 e . ,,::I._-._ ;_‘ ; ....' -, l

Fiz. lﬂ_.— Lapwing. l-‘ig:sz;-x.—Tlln Larlew. qu.‘ |z.'.- — Snipe.
Ay

i
AT
R

Fig. 120, — The Water bea. Fig. 127. — Bustard.

|
-

called on account of their long nakéd lais Mot of
them live in marshy places, and” wade mugh mud .

/
{
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and water; they are mostly provided with long necks
and beaks, so {ormed as to enable them to cateh, notwith-
standing their long legs, the small animals on which
they feed. Those best known in our country are the
Stork {lig. 120, the Heron (lig. 121}, the Crane (lig. 123),
*L the Lapawing (fig. 123), the Curlew {lig. 124), the Suipe
{fig. 125), the ﬁ'.(lit_':l" hen (g, 126), the Bustard (hg.
127, olc.

al. Gutriches, — Ostriches are big birds, whose
wings, although too shory for fight, help them to run
with great r:l’;isli.[]f.

The Ostrich 13 o native of Africa, it has It two toes

Fig. |:5;lir — (strich Fig. 129, — lthea Fig. 130. — assowary
(Alriea). fAmerical, {Auarraliaj.
Haight T leat.
{fig.128). It attains the height of more than 71eet. The
Rhea, an American ostrich, [fig. 129), is of smaller Biza,
and has three toes. The Cassowary
of Australia® and Borneo® (Gg. 130)*
18 larger, but of a clumsier niugku Ahan
the Riea. -

Grreat in size though these birds are,
they scem quite small beside some of
their species, aear neighbours o the
Cassowary, which the natives of Mada-

ascar’ and New Zealand (fig. 131)°
have exterminated. They are nowhere
= to be found at the present day, and all
that remains to ted what they were,

are a few of their bones and some of S

their eggs. DBut what eggs they are| B 0 = theelon of

. One single egg, is about equal to six  Zeataud. — Extermi-

oslrich Egg;ﬁ. or o come nearer home, ?3'?35[‘"“"“‘ S
- to a hundred. and «fifty hen’s eggs. ;

52, Palmipeds, — Webfooted birds. These have,

\
'

=

Fig. 13




=have a broad hill provided with a sorl of tiny blade

b2 I — ANIMALS,

as their name indicates, palmated or webbed feel
(lig. 132), that is to say, their toes are united Lo one
another by a skin or web, This allows them to swim |
easily, Look at this duck’s foot: when
the gi.ni drows it forward, it folds it up
nicely g0 as o pass throngh the water with-Y .~
out forming ll]n: slightest ohstacle; wion
pmshed backwands, it spreads itsell out on
the contrary, offers a resistance, and the
Lird is thereby, propelled orward,
Pl ~ Ducks (lig. 133), Geese il]i:. 134],_ and
Swans (liz. 135) are Palmipeds that swim
to perfection, fly very well, bul walk very badly. They

that answer the purpose of rudimentary teeth, Sea

Fig. 133. — Duek, Fag. 130, — Goose, Fig. 135. — Swan
.

gulls (fig. 136), that live almbst always on the seashore,
and the enormous A lbatross of the South seas (fig. 137),
have pointed bills; they also are excellent fliers. The

o S
i
o ipiat e ey

i
e
e 31

TS e

Fig. 136. — Sea-Gull. Fig. 137. — Albatross. Fig. 134, — I'slican. *

Pelican (hg. 138) and the Cormorant (fig. 139), are
even more completely webfooted than the foregoing, for
the web envelops nol only the three loretoes, but even
the first or great to also. . 3

Upon the shores of the Northern seas.the Penguins
(fig. 140} are to be seen in myriads; and in the South

/
i
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seas the Awhs (lig, Lal), are quite as numerous,  Nei-
ther species can fly. This is not because their wings
are too weak to earry them, as is the case with the

&=/ '.".1'-;".‘..1& ' J

; e

.o =

Fig. 139. — Uormorant Fig. 140, — [emguin, Fig. 141, — Awk.

have no real feathers upon them, and the bird only uses
{them of fins, and swims with them under waler.

do. Passerines., — Or Sparrows.  This name is
given to a great number of gencra of birds that are
neither birds of prey nor palmipeds, ele. The Masserines
in fact inelude most of [!]m amall birds in existence.

Some members of this Lribe have two toes in the
front, two others turned backwards, which enalile them
to elimb admirably along the trunks of trees : such is the
Wood pecker (lig. 142),very unjustly aceused of damaging
the trees of our forests, whilst in reality he merely sear-
ches out the holes that the®insecls have already made.

L B S

Fig. 152, — Wood pecker. Fig. t43. — Crow.

Some others havé a hooked beak like birds of prey,
guch is the Shrike.  Others have a delieats beak, some-
times pretty long, by which they manage very cleverl
“to catch insects | such are the Blacklbirds, Warblers

and Nightingales of our country; also the Humming
- birds of America, so brilliant and so tiny that the

: \

ostrich, they are, on the contrary, very strong; but they _
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smallest is not bigger than a drone; etc., ete;  Othors
have a widoly-opening beak, well adapted for hunting
nate: this is the case with the Swallows.  Others again
ﬁnvuuslmng, ghort, thick beak, with which they eat grains
of all sorts : these are the Lark, the House Sparrow,
the Chaffinch, the Titmouse, the Bull-fineh, elcs
Others ean use their powerful beaks like a sort of pick
axe, with which they turn up the earth and tear to preces
dead bodies, such are the Magpies, Jays, ete., Urows
(fig. 143). In this country we have about two hundred
species of Lhis very interesting group.  Few, even among
sportsmen, are aware that we possess such a variety.

SUMMARY. — Dinps.

i, Generalitics (p. 44). — Birds have a horny beak, "Tealhers;
two feat, two wings; they lay eggs.

2. Egzs are enclosed in an carthy shell, and consist of a while
part and a yolk. — In the yolk Doals a liny white speck called the
germ, which will become the chicken when the ey is hatched.

3. In the natural course of things, il is the hen thal aforde the
heat necessary for Lhe hateliing of Lhe egr; bul eggs can be artill-
cally halched in boxes made for the purpose.

4 Birds of prey (p. 46). — Birds of prey have a sharp
hooked beak, loes provided with long sharp nails, called elaws or
talons, long and pointed wiggs. They fly will greal rapidity.

5. Some hunl during lhe day lime, and are colled divenals
olhers pursue their prey after night fall, and are called noctur-
nal birds. . k
* 6. Amongst diurnal bigds w8 find Fultures, that feed on dead
animals. Fagles, thal feed on-live prey; Faleons, that were for-
merly trained for the chase.

7. Amongst the nocturnal birds of prey are Chols.

8. Owls of all descriptions deslroy rats and mige © they ought
therefore Lo be preserved.

8. PFarrois (p. 49). — Parrots argto be found only in warm
climates.

10. Pigcons (p. 49). — Pigeons, nalives of our codnlry: arn

Waad pigesn, the Turtle dove, and 1hie Roek dowve,

11. Gallinacecans (p. 49). — The Galdnaceans (galling, hen),
Under this head are generally grouped birds thal more or less re-
semble the llen 2 Pheasants, Peacoeks, or Guinea fowls, Turkeys,
Partridages.

42, Wading birds (p. 50). — Most wading birds are perched -
upon long slender legs. Those best known are Storks, Hereits,
Cranes, Snipe. Lz .

/
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13, Ostriches (p, 51). — Ostriches are large birds. The
species fonnd in Africa sometimes stands 7 or more feel high.  Their
wings are oo shod 1o be used in Oight, bl they run very swilly.

14, Palmipeds (p. 61} — Palmipods, or web footed birds,
have, as their name indicates, palmated or webbed feel; thal is 1o
gay, have their loes enveloped or uniled by a Glm or web. This

‘;“ﬂ'ﬁ'h e birds of this tribe to dwim with great ease, Ducks,
. gese, anid Swans are Palmipeds.
d 15, Sparrews (p. bi). — Under this name is included a greal
variely of species ! Hlackbivds, Warblers, Nightingales, Swallows,
Larks, Finches, Crows, ele.

VERTEBRATES. — 3 Reptiles.

=

54. Jn their shape and outward appearance Reptiles
differ very considerably from one another. There are
Tortoises, that have a horny*® beak like 3 bird, four feet
and a carapace, in which their body is enclosed ; Lizards,
that have teeth and limbs, but no earapace ; Serpents, that
have neither earapace® nor limbs. Kll reptiles lay epgs
sopmewhat similar to those of birds, only the shell in-
stead of being earthy is horny.

5. Tortoises. — Some Tortoises live on land;
others are to be found in marshes and in fresh waler; -
otliers acain, ealled Turtles, live in the sea (fig. 144). They

Fig. H-‘._—Su-mmisg,' Fresh waler-tortoise.  Earth torlolse,
or Turtle.

are encased in a flat carapace that offers but litlle re-
+  sistance to the wakr through which the animal moves,
Eru]mllc{] by itz long, flatiened, paddlelike limbs.
pon some parts of the American coasts countless mul-
titudes of these turtles resort to deposit their eggs:

- there they are caftared for their flesli, to make soup, and
for their shells, which furnish the precious tortoise shell,

\
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The land Tortoises have short limbs and more con-
vex ecarapaces, which last are 2o strong and resisting
that a man may stand upon the back .of a tortolse 4
inches long, without harming it. In Alriea some are
lound 3 feet long. ; :

Freshwater Torloises «are, in shape, 1n|:1:rm1:tl|alt:‘
between the Turtle and the land Tortoise. i

3. Liwards. — 1. The largest of this group 15 the f
Crocodile (lig. 145), powerful enough to be very for-

Fig. 14%. — Crocodile, Soms are 2 feel Long, .

midable even to mankind. The large rivers of Africa,
Asia and America swarm with them, and some allain
the length of above 24 feet. '

Amongst the many species of the lizard tribe the
most ~urious is the Chameleon (fig. 146). This slrange

Fig. 146, — Chameleon. Changes Fig. 147. — Lizard, Their tails grow
calour, agan afler having been broken off

erealure is very common in Syrig, and on the southern
coasts of the Mediterrancan. "It owes its world-wide
celebrity to its faculty of rapidly changing colour ac= ,
cording to circumstances. Anger or calm, sun or °
shade have influence upon it, and tause it to become -
reen, yellow, black, ete. In this country only twe
inds of lizards are found (fig. 147).

1. Kame a large lizard very formidable to man.” =T

/ 5 ;
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II

1. Lizards present a strange phenomenon @ their tail,
brittle and easily broken, lives {][il' a eonsiderable length

of time aller being separated rom its bea rer's body 5 and

more tan that, the lost tail is in a relatively shaort time

#-;-;;fm_-;'.! by anoltlier stailare o e {!JH}JHI“'!"-'I'!I one.

» This is cerfainly most convenidut, and a great pity it is
That mankind ecannot renew broken limbs alter the same
fashion.

The Slow Worm, or Blind Worm, although alte-
sether deprived of limbs, is also a lizard, 1t 13 s0 very
brittle that one can scarce tduch it without Lreaking its
tmil,

a7, Serpents, — 3. There are some serpents
whose bite, accompanied by the emission® of a liquid -
poison galled wenom, pecasions accidents, often H.’m-
gerous and may be mortal®; they have Leen therelore
servedly called venomous Serpents. .

Others do not bite, but coil themselves tightly around
their prey; such are dangerous only when of very
cnnsidumi}yla size. The Boa of South America (fig. 148),

. Fig. 148, — Doa of Soulh Amerca. Fig 1459, — llead  Fig. 150, — Head
] Semelimes measures 36 feet, of a ring snake. of a viper.

the Python of Africa, and some other species, are of this

lass ; some have bech known o altain 36 feet in

ength. 3, These cnormous reptiles, by the mere pres-

“sure of their tightened folds can kill an ox with the

. greatest case, and man is but small game to them.
4. Our Ring snakes (fig. 149) are much smaller and quite

= of the lizard present? — 2. Whal | manner as wenomons sefpenls? —
. name is given lo serpents, whise bita | &, Why are our ring-snaked inolfen
might prove deadly? — 3. Does the | sive?

' 1.\

1, What-pesaliarity dogs the 1ail l boa destroy.ils victms m lhe same
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inoffensive.  The Snakes of our European regions are
all of small difnensions : the longest rarely attaining
6 feet in length, :

1. In Europe happily but one venomous Sft“lpcnl
exists, the Viper (lig. 150, and it is onc of the leasl
Hangerous. 2. The venom 18

liquid that accumulates in fa

small pouch (A, lig. 151) situate
i nt the rool of a long and 'I'EI‘E.‘

sharp tooth I3, through, 3. which
rurfs & sinuous canal. 4 When
the animal Dbites, the tooth
presses on the pouch A, a drop
ol the venom enters the canal and
penetrates with the tooth into the
wound. The extractioh of this
tooth &ll:um is ,one on cach side) renders the bite pop
fectly harmless; and this is how jugglers allow them-
selves to be bitten by deadly serpents to the great
amarement of the spectators.

5. Viper's venom gives fever, causes great swellin
and sometimes mortification, frequently even deal
enstes

B. But this venom is weak compared to that of the
Horned Adder of the African deserts, the Fer de lance,
of Martinique®, the Rattlé Snake of America, the Co-
bra of India. The bite of all those speeies is almost
. always rapidly fatal to man. ‘

7. In the course of the year 1875, the Cobra caused
the detth® of 26,000 persons in Brilish India. The
whole country swarms with them. This reptile has
no warning rattle, like that of the rattle gpake, but can
stealthily fall upon the unwary passer-by.

L ]

Fig. 151. =
A, potch slere e Yenom accu-
mulates.
B, tooth sery pointed and pierced
by a passage through which
the renom (ows,

Ll of a vaper.

1. Mention a3 vepcinous serpent of | means do they ‘use the vepemn 7<= |

our country. — 2, Where docs the
venom pccumuelate Fo— 3. What
peculisrity is there about Lhe pointed
toolh of a serpent? — 4, By what

4

5. What effecl iz produced by thes
vencing of Lhe viper? — 6, 7. Are .
there any serpents still more dao-

getrous than vipers 7
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SUMMANIY. — RerTiLES.

4, Roptiles differ greatly in shape feom one another.  The group
comprises Torioises, Lizards, and Serpents.
2. Tortoises (p. 33). — Torteises and Turiles bave o horny
- _qwnk, similar Lo that of birds, four eet, and a earapace, in which
hey are, as it were, cniclesed,
3. Bome of Lhese animals live en the land, gome in marshy
places and freshwater, elhers in e sca. These last somelimes
2 anain the length ol & leet.
&, Lizards (. 56). — The lgrgest of the Lizard family are Lhe
Crogodiles, which somelimes allain the length of 24 fecl, These
animals are dangerous o mankind.

. §. The Chameleon of Algeria can change its eolour according to
circumstanees, if it be angry or ezlm, in full sunlight or in the _
shade.

6. Cofimon Lizards have very Lrittle lails, easily separated from
the body; enly these appendices grow again, and regain Lheir
* primitive dimensions. B
' 7. Serpents [p. 57). — Some Serpents are yenomous, olhers are
g nol so.
8. Amongst serpents that have no venom we find the Boa of
Soulh America and the Python of Africa.  Those species somelinies
altain the greal length of 36 feet; they are able lo Lill even large
animals by coiling themselves around their viclims, and thus sulle-
caling Lhemi,
9. The Stakes of onrcountry are guite harmless.
40. It is not so with the Viper, whose venom causes fever, great -«
ewelling, sometimes morlification, somelimes even death.
This venom is conlained in a sorl of pouch or gland situated
+al the rool of a long, sharp, hollot:tooth.  Wihen the animal biles,
the toolh presses on the pouch, & drap of venom enlers Lhe canal
that runs through the Loolly, and penclrales willy Ul t8oth inlo the =
wound.

VERTEBRATES. — 4 Amphibians.

' 58. Metamorphoses of Amphibiams. — 1.
. We have alreadysscen that the animals hgi:%iug to

this group are aquatic® when young, and afrial’ when
full grown.- 2. Between these two stages of life they
undergo remarkable changes in (heir outward con-

1. Whal does dhe wosd Amphibien mean? — 3. Whet phenomena do
these animals present?
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liguration, as well as in their mode of lifa: these changes
are called metamorphoses.

The most complete examples of metamorplioses are
presented by Toads (Fg. 152), the common F’i-'ug,rs, and
the Green or Tree Frogs.

1. You have all certaindy seen frog's egps (lig. 153, A :
and you know that they have no hard shell, hut are suip‘

REIE Eo 4.‘?-&

AB cﬁﬁf‘ =3 ; e S
% ?%%‘lw |
p = 3
Ve B
Fig. 152, — Toad. Fig. 153, — Translormation of a fropg's ogg. -

B! ol besome (rog. = ¥, feig.
and coated in a slimy envelope. 2. Afier a certain tim
the egg gives birth to a little black ecreature B, that in
the space of a few days becomes excessively brisk and
lively, 3. It grows rapidly, and displays a long fish-
like tail, with a body and 'head all in one big ball G,
D, E. 4 It has no limbs whatever; shortly, however,

&

Fig_ 154, —'Tri:-:-u or Water Newt,  Fig. 155, — Continentsl Salamander, ‘

legs and feet make their appearance, the hingd ones first.
5. As the legs grow, the tail gradually diminishes, until
at last the animal is in possessiongof four full-sized legs,
and has entirely lost both its tail and its gills, the place
of these latier being taken by lungs. The Tadpole has’
become a Frog, or a Tead, B, F. 6. Originally aquatic,
it has become acrial : the grass edler or herbivorous® °

1. What is the first state of the do the feel mako their appearanee? d
frog? — 2. Whal comes pot of the | — 5 Whal Jecomes of Lhe tail P —
eg? — 3. Whal change soon takes | 6. Explain the different transformae
place in the little animal? — & How | Uons resflecting respiration and food

-

R S
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ercature bas become a flesfi-eating or carnivorous ® ani-
mal, This is strange indeed, and cerfainly very inte-
realing. -

Other amphibians undergo less complete metamaor-
phoscs. The continental Salamander (fig. 155) for
sinstance, and the Trilon gﬁg.'l[:-h] that we call Water-

' WNewt, retain their tail all their life.  Some tropical Am-
phibians are snake-like, and have no limhs,

of), Usefulness of Tomds, Their venom, —

= 1. The toads do harm only to insecls, worms, and snails,
of which they devour great numbers,  In our country
the poor Toads are often eruelly and stupidly destro 'ed}.
l_ It will undoubtedly not a litle astonish you to E!Eﬂl'
that great numbers of these useful but disregarded _
creatures are sept from Furope to Australia’, to help
to keejf the gardens free from noxious and destructive
guests, such as smails, inscets, ete. |
But if [ adwvise you to spare the toad, I would alse bid
you avoid touching it. Look at this one [lig. 152} 1
caught for our lesson, and which I touch only with a pair
of tongs. This way of handling it is evidently not al
all to s taste, and has sel it-in wrath. 2. You can see
all over its back, and especially about its neek, a great
many little drops of liquid cozing out of its skin. 3.
That is venam, and s most pernicious. I a drop of
that milky like substance were to be put under the skin
of a fowl, it would be sufficient to kill it : you see it is
not to be played with. o - g
4. All Amphibians have more or less venom in their
¢skin. 1If you happened to rub your eyes alfer*handling
a frog, you would not fail to feel them smart a good deal.

SUMMARY. — AuPHIBIANS.

‘1. Metamorphoses (p. 59). — Some Amphibians, aguatie
'I'hf'n voung, acrial when full grown, undergo changes in form
which are called metanibrphoses.
2. When young \hey are Tadpoles; have a large head, a long
I."-‘r'h-:l:_:ﬂvius dafrogsand boads | dueed under the skin of a hea? —
render us¥ — 2. How d8es lbe toad | & Aretoadiihe ooly amphibians thal
secrele ils vesom 7 — 3. What effect | have venom undeg Lheir sking?
= does this venom nrodece, whes inlro- TP
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tail, but no limbs. Aferwards ey become Frogs or Tuads: their
tails and gills disappear, and they are in possession of bwo pairs of
Timbs. .

3. Toads secrete their venom, which ey cannol however ipo-
culate®. By way of eompensalion, they render us serviee by da-
vouring instcts, worms, and slygs.

VERTEBRATES. — 5 Fishes.

40. 4. Fishes are exclusively aqualic during their
_ whole life. Out of water they inevitably perish, some-  ®
times very rapidly, sometimes slowly ; this depends upon
their species, .
41. Some fishes live in fresh water, others in th
sed. Werea fresh water fish to be suddenly plunge:
into sall water it would rapidly die. But if the change
be made by degrees, and wilh precaution, it gets accus-
tomed to itz new condition of life.
2. This fact explains the faculty that migratory fish
bave of living aﬁnrnnmlg in fresh and in salt water.
The Salmen (lig. 164), the Sturgeon (g. 156}, the great
. Lamprey (lig. 168), ascend

yfarly from the sea to the
3, rivers, where they remain
=~ soveral months and deposit
= Lheir eggs; the young ones go
s~ down to the sea after a length

e

Fig. {58 — Siugecs. of time that varies according
1o the species. :
42, Struciure of Fishes. — Nothing can be

more varied than the outward skape of fishes. 3. The
most common is that of a ﬂallcuaR spindle’ (fig. 157);
some, like the eel, resemble serpents (lig. 158); some ave .
flattencd sideways, like the sole (fig. 159, the floun- $
der ete.; others are spread out like' the skate (lig. 160).
Almost all of them have fins (fig. 161}; that is to say,
membranes stretched upon hony ndges of greater or less l

1. Mention a chyracteristie peculiar E go from the geas lo our rivers o
to fish, — . [Same some fish thal | spawn.—3.Descril ¢ the leading lorms -
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: consistency and development. 4. These fins direct the
{ course of the fish through the water; the tail by its

‘Fig. 157, — The typical  Lig. 15s. — Bel. Goes  Fig. 1518 — Sole. Flal Ash.
shape of fishes, Macke= Lo the eea o lay Lengll 10 inches.
rel. s eggs.

motion from right to left propels it forward, as you
may observe, by looking attentively at this gold fish.

Fig. J61. = Skeleton of a gold
fish.

A, pair of flus representing
tlee armms,

B, a pair of fins representing
the legs.

C, dorzal finm.

Fig. 160, — Fay. Flatteped from pack to fronl, E‘I t:‘:::ll'}lif“' -

2. Let us look closely at the other fins; see, there are two
pairs, the foremost A representing the arms, the others B,
the legs; others exist on the
mid line of the body : one f‘
on the back {the dorsal fin],
one I, at the tail (candal fix),
the other E behind the intesti-
nal opening {anal fin},

3. All lishes have gills, A
Eﬁg. 162), by whch ey
reathe. You can sce them

- ; Fig. 162, = The Gills exposed.
uite red and full of blood “F s e by the gE‘!h.

on either side of the head, over-
*  lapped by that sort®f Nap that regularly and alternately

% opens and shuls.

45. Commonest species. — Fislies are extremely

.
"

af fish, — 1. What is the gise of the t merate the Bog of the goldlsh, —
fias and 1zl in swimming? —12, Eoo- y 8, What is the Wma?
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nmimerous, some 13,000 species being known to exist
in the fresh water of our country are to be fomd the
Carp, Tench, Barbel, Gudgeon, Bream, Roach, Dice,
ele., also the Pike (fig. 163), Salmon (fig. 164), Trout,
Perches, Stickicbacks, Eels (lig. 158), ele. [

sen lish are much more varied in shape, and alsg_ .
more nUmMerous in spesics, ey

{. The Herrings pass the greater part of their lives
in the deep parts of the northern seas. 2. When the

milling season comes on,
they li:_u[hrm' logether in greal
bands or shoals, of mil-

- -

Fig. 185, — Fike. Fresh sater fish, Fig. 16%, = $:IﬂmEn. — Fresh wate
L1

lions and millions, and approach the shores of Great
Dritain and France, !'u:nlluwmr in the wake by large fishes,
dolphins, and sea birds that come to prey upon them,
Man is, however, the great destroyer ol the Herting
tribe. Whole feets are laden with the spoil. Fortunately
cach female lays an immense number of eggs, about
50,000, otherwise their race would soon quite disappear
from under the sun. -

3. The Sardine, an inhabitant of the Mediterranean
gea and the Aflantic, is a sert of small herring that lives
in shoals, like its bigger relative we have just mentioned.

4. The" Cod [fig. 165), is a sea fish also, and for its
caplure immense fisheries, that employ hundreds of
vessels, have been arganised in
e the North seas, especially in

BErias.7 the waters of Newfoundland '

g ﬁ Of the Flat fish, the most {re-

: quently met with on our eoasts™ o

Fiz 108, —Col. Seafisk,  are the Flounder, the Sofe

[fig. 159),and the Turbol, Some

of this group ascend rivers for a pretty considerable
distance,

fishermen meel with it? — 3, What
jsthesar®ne? — 4. Where have grest
cod-Gaheriea been established ?

1. Where does 1he herrmp pass the

grezter part of its Jfe? — 1. Whers
and ander w umslaocss do our
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Mackerel ﬁl]g. 157), visit our cpasiz in greal num-
bers during the summer; the Tunny fish, which accord-
! ing to John Davy has a tem-
wratnre higher than that of
the water in which it lives, is
sometimes 13 1o 18 feet long,
= L. One species of the Shark
- kind (fig. 166}, has monopo-
’ lised all the eelebrity of its
= race, by its great size and its
great ferocity,  This dreadesd
sea monster sometimes 40 feel Fig. 166. — Shark sometimes med-
long, swallows almost every i, Bl AR e
thing it meets with, destroys .
enormous numbers of fishes, and could snap off a man's
leg as etsily as you could bite through a hit of apple.
. or this purpose it is provided s
with a great mouth situated not at :
the end of its snout as 13 the case
with other [ishes, but under ifs
fiead, and set with several rows of
formidable triangular® teath. The
gills have five shts, instead of the
one existing in ordinary fishes.
Suppose you were lo latten ont Fig. 167. — Ray. — Mouth
a shark you would have af ani- under the body.
mal very like a Skale (lig. 167).
The Lamprey (fig. 168), bgars greal resemblance to
the eel, but it has no side fins. On either side of the'
neck it has seven gill slits, and its mouth*is« sort ol

cirenlar opening set with sharp \
teeth, and f.’ltich it nses as a %
sucker, thereby fixing itsell firmly ==

to no matter what, slomes, elo. Fig. 168, — Lamprey.
There are a greal many other

». curious fishes we might pass in review, but we must leave
sufficient time for the study of other subjects.

SUMAMARY. — Fisnes.
1. Fishes (p. 62) are absolulely aquatic, Oul ofwaler they inevi-
. lably perish. e ?

1. Which is the meaat feroeious flsh? — 2. Whare is ilstrludi‘

R T 5 S
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There are fsh thatlive in the sea, olhiers in fresh waler, — Cerlain
species migrate from the ea inte rivers, and olhers from rivers 1o
the sea. .

2. The form of fsheg iz extremely varied. Some, the mosl nu-
merous, bear a resemblance 1o a Oaltened spindle; olhers, like the
Eel, arenot unlike the serpepl; some are Ootlened sideways like
tha sole: slliers otherwise, like the shate. ("

3, All fishes have gills by which they breathe. Almoztall Jz;ﬁ'cﬂn}f—'

4. The most dangerous of fizhes is the Shark, which aitains al
times the length of 40 feel, 1L is provided with a great mouth,
situated not at the point of the snout, bul under the head, which =
month is armed with several rowgs of formidable triangular teeth,
with which the monster is able to snap ofl the thigh of a moan with
the greatest ease. .

1] — ANNULATES.

1. You all remember the meaning of the word annu-
late. 'The hodics of the members ol this gronp seem to be
composed of a series of rings strung together as it were;
although those rings are not always very like one another.

The following are the groups into which Annulates
have been divided : Insects, Spiders, Millepedes, Crus-
taceans, and Worms. .

44. Insects, — 2. First in order we find the In-
sects that have six feet, like this butterlly. 3. Their
Jbody is, as" you can see, composed nf) three parts
(fig. 169}, the head A, the thorax B, and tho abdo-
men G. *4.The bead bears two horns or feclers D, pro-

erly called antenna, and two large eyes, which seem,
if you examine them with a magnifying glags®, to be cut
with facets, like precions stones {fig. 170). 5. The six
feet are borne by the thorax: asd it is the thorax also
that bears the four wings of our butterfly, and the tw
wings of yonder fly (fig. 171}. Antenna, limbs, and .
wings, and all similar organs, are called appendages. *

1. What 1 the definition of the | divided? — &.Whot name is given
word annulcio, thal ia gives to 8 | Lo the two feslers? — Whal peca-
very importanl grocp of insests® — | liarity da beir eyes possess? —
4. What eharacteristics is common 5. On wha! part of ihe body are the
to the inaect group? — 3. Into how | siz feet and wings placed?
many paris are bodies of insects . -

e y i
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None of these bemng found on the abdomen, we thereflore
sa{ that it has no appendage. .

Many insccts undergo melamorphoses quile as com-
plicated as those of the frog. You have all had oceasion

Fig. 169. — Bady of  Fig. 170 — wseel’s Fig. 171, — The six legs and
an insect (butlerfly) eye, as il cul with iwe wings belong to lhe
A, bead, — I, the= facols [ greatly thorax, — A, head. — B, tho-
rar. — i, ahdom- magnified). raz.— O abdomen,—1), wings
en. — [, anlenna,

—sbsorve those of the butterlly (fig. 172) 1. When newly
out of the egg, it is a tiny Caterpillar A, which grows
very rapidly and casts its skin four times. 2. The fifth
{ime its skin becomes thick and hard, the caterpillar
<sems to have fallen into a deep sleep, afier baving, in
some cases, spun asilky bed called a cocoon, in which

Fig. 172. — Metamorphoses of the Bulterily
A, Caterpillar. B, Chrysplis. C, DulterDy.

it shuts itsell up. 3. In this state it takes the nama of
Chrysalis. 4. At the last, the sixth change of skin, the
chﬁ'm!is bursts and ushers into sunlight a winged Lut-
terfly, G, ready to lay itgeggs. 5. This iswhat is called
complete metamorphosis.

\§. Girasshoppers also undergo metamorphoses, for the
! young ones have no wings when born, but at each cast-
- g of their skin, the wings gradually grow; and afler

1. Under what form does the lut= | & What becomes of the ehrysalia
dorlly come oalof its egg — 2, What | after the sizth change? — 5. What
, peeomes of the caterpifiar ot ita | mame is given lo these differenl
ffth tronsformation? — 3., What | changes? — B What are the meta-

* papae is given to it in this state? — | morphoses ef the hopper?

®
[}

: ; o
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the sixth change the insect attains its perfect state without
having passed throueh the deep aleep of the chrysalis,
or any such exiraordinary change as-the butterily has
done. 1. This is what is called incomplete or partial
metamorphosis. 2. Flies(lig.173}, beetles, fleas (fig.174),
and bees (lig. 175), undergo complete mcmmm-luhus" |

e
| e
4 LY
Fig. 173 — Bootla, Fig. 174, — Flea Flg. 415, — Dee. o

[magnified).

8. Dragon flies, gnats (lig. 176), and bugs [kz. 177),
undergo but partial ones. 4, The mouth of an insect i
not al all constructed like ours or that of any veérfe-
brate : its jaws or mandibles, instead of moving up-

i

F|FI. 176. — Geat Fig- 177, ¢ Led bog Fig. 175, — llead of bestla

{magmified), (Enagnifled) {magnifed) seen [rom
- underneath.

wards and downwards, are laterally placed, and move
from right to left. 5. Look al this beetle, see ils
powerful jaws (fig. 178}, which enable it & lay hold of
and tear to pieces other insegls, on which it feeds.
This cockehafer (fig. 179) that lives on leaves %
much weaker mandibles. 6. Flies have a shor T
strong proboscis B (g, 180) well adapted for sucking ;!
fleas and bugs have sharp siyles Co{fig. 181), with which .

1. What same is given to lhesa | ore incomplete. — & Fow do the
changesf — 9 Mame some olher | jawd of articulated animals move =
imgacts thal pasa throug a completa | 5. Give lwo ezamples. *— 6 Wlnl :
melamorphosis, = 3. Meollon some shape bad the fy's jaw T the fea : 1
ather intecis gifcse metamorphoses | the bog's? the butterfly ¥ .

¥ Kl

P i [
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they pierce the skin in order to suck the blood of their
vietim: the butterfly las a long cuiled up proloscis

.
Fig. 179. =— Head of Fig. 150. — Trunk of dy Fig. 1&1. — liead of

ifig. 182). which it unrolls and plunges into llowers
o order to obtain the sweet liquids contained in the
perfumed calyzx. .

1. The group of insecis iz the mosi numerous n
species of all the animal kingdom; their number
aiounts lo above 150,000,

There are very useful species amongst them : such
as the gilli-worm, the bee, Hm cochinealinseet, ete; but

Fig- 152, — Qlead of  Fig. 1583, —Phyllozera Fig. 18%, — Phyllozera
ulterlly { magni- willwul wings with wings [(greally
ed), {greatly magnitied), magnified),

"shere are some very noxious ones also, such as eafer-
.pillars, cockchafers, ynd many others.
The most destructive and terrible of all is a so-called
plant louse, a native of America, that came across to France
about twenty yearsago : itis called the Phylloxera. 2. 50

1, Meotion the leadicy kinds"of fnsecls, — 2, What is n..Wz

Cockehafer (mag- |'L|||ig;n|h'ed:l. — A, Eme- a Oea (magmified).
nified) secn from er. — Ui, shealh of A B, sheath of suc-

®  gnderscath. A, su- sucker, ker. — C, puisled |
perior extremiky stylo.

v-
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tiny iz it that one can scarcely discarn it with the naked
eye. 4. It lives upon the tenvons roats of the vine, which
il sucks and exhausts so that the much-prized plant
pines away for three or four years, and linuI]]-.- perishes
2. It multiplies with prodigious rapidity, and millions of
these tiny but terriblé invaders are in a short ty
ready to leave the ];.:u'unl colony, and wingless travel
on underground to look out for a new home. 3. Be-
sides these, there ave also winged (fig. 184) members of
the family which go forth, borne by the wind to lay
their egrsata distance. 4. Mo wonder, then, that countless
legions of phylloxera have already infested the greater
part of the vineyards in the south of France, anil that not-
withstanding the active warfare directed against them, i
48. Spiders. — Alter theinsects we come to Spiders
(fig. 185). 5. All of these posseas eight feef, as [ hav
already told you. The head and
the thorax are blended ‘into one - f‘h@
body, to which are autached the e
eight feet, Theynever have wings. - Fig. 187.—Seorpion, their
b polson apparatlus s &b

6. The spiders, properly 80  fhe end of the tail.
! Lenglh 3 inches,

P

., A

Fig. 185, —Spider,  Fig, 186, — A, pason hooks bl
§ feet, beal and of b apider (magniftod), Fig. 158. — lich inseet,
thoraz blended in I, thorax seon from - 8 Liny spider, invizible
ane. dergeath, showing where Lo the naked aye, Scen
e § legs are abtached. from underneath,

. ® . . a '
called, have in their mouth relatively large poison jank
{fig. 186), with which they puncture benumb and,
kill the insects on which they prey. Some specics it

L]

1. 0o what does it Tiva? What | are the ravages already caused by
afiect does it produce? — 2. The | this insect? — 6 How many fect
phylloters beine 80 small, why is st | have spiders? — 6. What is 1he

&0 dangerous? — 3, "By what eir- pature o the hooks thal ke lp‘idﬂd
cumatanes is Lhe phyllozera rendeced | bas af [ls I:I:I.n::l]l.?
still mare o iops? — & What

St >
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A America are about the size of my thumb, and are abla to
L geize and suck to death little birda.
{. Most spiders have on the extremity of the abdomen

a sorl of spinning apparatus, from which they draw a
very fine but wouderlully strong thread, and with 1t
_y~ny species weave artistieally complicated webs.
TThis web the spider stretches out, then hicz 1n wail
for the poor lieedless insects that way happen Lo rush
into the snare. As soon as the inscetl is entangled, the
spider pounces upon it, benumbs it with a prick of
ils vemomous weapon, and #etters the prisoner with a
winding silken thread. -

In warm countries, under stones in dry places, are
to be found long bodied creatures somewhat akin to
spiders. Their antennie or feelers are terminated by
stiong piacers ¢ they spin no thread, and their poison

aratus is situated at the ljp of their tail, instead of
beingin the moutlt, as is the case with spiders. 3. These
are Scorpions (fig. 187), Their sting oceasions fever Lo
maukiu..f and death to small animals.

4. The loathsome disease, kuown under the name of
Iteh, is caused by u very small animal (g, 188}, a
sort of spider scarcely wisible to the naked eye, and
that furrows wnder the skin, producing thereby insuf-
ferable itching, 5. In former times people thought this
was cansed by impurity of bdood, and the poor patients
were bled and physicked with greater ardour than suceess.
6. It has since been ascertained that the omly cause of
this disease is the existence under the skin of these
minute insects. Sulphur cinlment rubled sn,the in-
fected parts suffices to dispel the distemper. You see,
even in little things, how useful science is, and how
important it is to be sufficiently
squainted with one's epemy.

6. Millepeds, — The Mille-
.peds and Centipedes, so called
“with exaggeration, have at least twenty pairs of fect
» [ig 189). In their chse the head is distinet from the
rest of the body. Properly speaking, their body has

Fig. 189. — Millepeds.

. 1. Whera is tho spinming appa- | animal ia the ikch produced ¥ — 6. Ta
, ralus of Lk sfider placed ? =2, What whal rause wis Lbe itch Tormerly aw

does it produces?— 3, Why o spi- | tributed? — How was it trealed ¥
ders spread their webs? —4, By what | — 6, How is iteh Lrested 7



11 I, — ANIMALS,

neither thorax nor abdomen, but sim ply a series of rings,
vach of which, according to species, bears one or two pairs .
of legs. 7

47. Crustaceans. — All the articulata, with
which I have hitherto entertained you, are adrial and
live upon land. On the contrary, cray fish (fig. 1990

]

Fig. 199, — Cray Osh (Crustacean), Fig. 191, = Crab {Crustacean).

lobsters, crabs (fg. 191), and animals akin to them, are ®
almost all aquatic. DBecause of their crusted skins, they
take their name of crustaceans (from the Lalint crusta,
crust). Many insects, for example our dragon-flies, srey
like the amplibia, agquatic when young, On the other
hand, among crustacea, the land-crabs are largely, and
the woodlice wholly, air breathers living on land,

46. Worms. 1. These animals have no distingt
head oor corsclet. Contrary to the above-pamed, no
worm-like animals even have jointed legs, but may have,
instead of them, either Lristles called setae or suchers,
which however serve the same purpose, viz, locomaotion.

The Lumbric or earth morne is of all the best known.
See here is one the gardener cut ip two whendigging in
the garden.- 2. If you put those two halves in a flower
pot, with earth kept constantly maoist {fig. 192), in less

Fig. 183, — In less Lham a yoar you Fig. 193. — Sueker of loech (seens
will Bed Lwo entire worms. Irom underacath),
-

than a year you will find two whole worms: a head :
will have grown on the half that had but a tail, while a
tail will have grown to the half that had none.

1. Whet disbinguisnes worms from earlhyworm whea cul in two apd ;
mstcu?;whﬂ becomes of an | placed in a pot of damp seil 7 e
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1. Leeches have a sort of sucker (fig. 193) by which
they fix themselves firmly. The kind used for medical
p;:‘rpn:se:s have teeth strong enough to pierce the human
SH1IL.

Both worms and leeches are found alike on land and
*@sh as well as in salt water. Some worms construct
either earthy or stony tubes, in which they live.

2. The intestinal worms that live in the body of the
greater animals are gonerally  white,
Mankind is not exempt from theiratlacks.
The most frequently met “with is the
Asearis lombricoides, so called on ac-

o tount of its resemblance to the earth-
worm, colour however excepted. 3. The
Tenin, spmetimes called Tape worm, is
no means rare either. 4, It looks like
aIong tape divided into rings or segments- Rt ity
(lig.194), and is sometimes about2Q ¥ards  dored to 1i:r;;|.
long. 5. Atthe pointed end of the worm, Improperly callod
. K ' . fape awoorm. —

one can pereeive with the aid ofa magni- 3™ 00 ™ 1
[ying gﬁss a very small head A armed tsoia sometimes
with sorts of suckers*and hooks. Mankind 20 ¥ards loag.
and flesh-eating animals are subject to having the tenia.
The history of these animals is very curious indeed,

6. Each of the ring-shaped dixisiohs of their body is full
ofeggs, and is sooner or later expelled. 7. This expelled
division dries up; the eggs it contained, thus liberated,
lie scattered about. If subsequently a grazing animal
happens to pass by and swallows, along with the grass it
eals, some of those eggs, they forthwith begin a new
evolution. 8. No sooner does t{m eee reach the animal’s
stomach than it is hatched, giving birth toatiny ereature
that manages o pass through the wall of the intestine, and
chooses an abode in som& part of the bod, ; once housed
gre 9. a sort of hall grows on the extremily of its
body, and swelling out, all but hides its head. This

w
* L. How do lesches fiz themsalves
ly the skin? — 4. What is tha
common coloar of intestinal worms?
—.3 What iz the seicntlific nama
of the worm talled fapeworm 7 —
& To what do Lhe tenia r:sum;ﬂu?
What length may they' resch? —
. By the belp of 3 magnilying glass

what can bo seen al the peinted
end of lhe worm? — B What
bocomes of il3 segmenis ? — 7, And
when east out, what bacomes of
tham? — B, What becomss of sna
of these eggs, when ig Lhe body of a
sheep ¥ — 8. What mMu their
presence canse o pigs?
i
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balls, when developed under the skin of a pig, which
occasion a well-known malady, called pigs" measles.
1. The little animal will there and thus remain for any
lengih of time; but were a dog, or even a man, (o eat raw
or insulficiently cooked (although smoked and F;“__\
work containing one or more of these elobular creaturis,

the lutle ball” would be digested in his stomach, the
liead only remaining. Ina very short time, however, a
segment would add its length to the head, then another
and another, and the dog or the poor man is =aid lo
hiave the tenia,

This is certainly a very complicated way ol living.
2. and the history of the tania shounld show you how ®
very essential i is to be careful to cal only wholesome
pork, and for further sdourily U
have it perfectly cooked, for -
nary curing has not much effect on
the little parasife

In all cases it is prudent to eat well-
cooked meat. 3. bome 50 years ago,
an almest invisible worm was disco-
wered | this one also lives in pig's flesh,

oo fleah great- A0 18 called the trichina (hg. 195).

Iy magifiel AtGithe [n J(rermany and in America it 18
liude woras are 8009 oy cGmmon. 4. When trichinized
co of the muscle and pork, dmperfectly cooked, has been
ot A thoy aré shewn : T ey 3
libarated. eatep, the little ereatures swhich 1l
conlains in great numbers, lay eggs

in thetintestines; when hatched, the young ones dizperse
all through the body, causing intolerable pain and fre-
quently intense and deathly fever i

Liead is c'*.mmlly gimilar to that of tne twnia, It is those !

-
SUMMARY. — ANXULATES.

4. The animalt comprised in the greatgronp of Annulates scenl
io be formed by a succession of rings ¢ segmenls strung togelher,

Annulates are divided inlo fusects, Spiders, Millepeds, Crusta®
ceans, and Worms,

4. What else has lalgly been digeo-
vered in the flesh of pigs or swined
— £ Whak bappans il this meal js
ealen whes insofficiently cooked ?

Whal may hapgen 18 2 man
who eatd of this baon when insulil-
ciently cooked® — 2, What conclu~
sions a draw [rom Ehis? —
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2. lnsects (p. 86). — Inseots all have see feel.

3. Some of them undergo melamorphoses more complicated still
JI " than thosa of the frog

4. The Bulterfly, for instance, when newly come oul of the egge,
is a caterpiliar,  Aller having several times changed its skin, the
-'llJ'l'll'I-“ﬂI‘ sopmms Lo Tall a=loep, wraps il2ell up zomelines in A
hu and becomes o eheysalis,  From this chirysalis isspes forth
a wibged bullerlly.  Sueh a melamorphosiz is #aid 1o be complete.

» 5. Fliga, Breties, Fleas, amd Bees, undergo complele melamor-
l phoses,  Grasshoppers, Deagonflies, Grats, and Bugs bhave in-

complete melamorploses,

6. The group of Insects 15 e me=l pumerous of all thosze of the

animal kingdom : upwards of 200,000 species are comprised therein.

7. The Phylloxera is an insecl almest invisible to the naked
eeve, AL lives on the lenwouz rocls of Lhe vine, and sucks them 1]l
they are exhansled.  And notwilthstanding the war waged dgainst
Lem over one million acres of vineyards have already been destroyed
e Conlinent.
iders (p. 70). — Spiders have cighl legs; near the mouth
w-nnnmu hooks exist with which they prick, benomb, and kill the
insects on which they proy. — At the extremily of L|m|r abdomen
is situaled a sort of spinning apparatus, from which issues a very
line and silky thread with which they make their web,

9. In the zouth of Burape and in all warm countries creatures
somewhat akin to spiders are found; these creaturés are called
seorpions,  Their sling, situated at the tip of Lheir tail, can occa-
sion intense lever.

10. The éfch is occasioned by a sorl obvery liny #pider, scarcely
visible to the naked eve, wlich hollows oul galleries under be
skin, thus giving rise 1o intolerable ilching.

11 Millepeds (p. 71). — The :MI].JEPI.‘.'E]S ebe., il they have nol
s0 many 05 a thousand fect, have r.“u.rhm]} a-greal many.  Their
body 15 composed of rings.

43, Crustaceans (p. 72). — Crustaceans (crayiish, crnhz., ele.),
are almost all aquatic animals., Their skin is crosty, thence their
name. .

13. Worms (p. 72). — If a worm be cul in two, and left in
mpist earlh, in less than o war Lwo complele animals will be
1 & head will have grown on one hall, a tail on the elher.
The tape-worm or Toenia looks like a long lape will ring-
shaped divisions, Mankind and some animals are oflen ‘Iﬂlh-li"l!
by the Tapeworm. *

15. The Trichina, a lille worm almost invisible to the naked
eye, lives in pigs’ Nlesh. [n order lo destroy these Triching, the
pork musl be eavefully and completely coolked
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[1I — MOLLUSKS. ‘

49. 1. The Mollusks are, as we have already seen, soll
fleshy animals in whicli no trace of ring-shaped 11':':15?_
exist, and which in many cases have their bodies &n-
elosed in stony shells.

. Gastropods. — These mollusks, having a
head and a long ereeping foot, are called belly-footed
or gaslropodous animalst

The shell of a snail {lig. 196) is a spirally coiled tube
whieh widens out as it nears the mouth; the body of the
snail penetrates into the furthest extremity of its shell.®

Lcmli-; at this snail, it is quile at ease ; it stretches itself
out and pushes forth its chm{; it also possbsses fou
horns or tentacles, two of which, A, bear minute &

Fig. 196, — Smails. — A, horsa™ Fig, 197. — Slugs.
terminated by small eyes.

and lastly a thiek Meshy sort of foot, an which it ravels
slowly along. I yowbut touch the ereature all this will
instantaneously be withdrawn and hidden in the shell.

Slugs (fig. 197) have, like their cousins, the snails, a
head, four horns, and.a Qeshy foot, but no shell to cover
their body. In some cases however a rudimentary sort
of sh®lldoes exist, but it is hidden under the skin of
the back. The snails and the slugs are land animals.
Other gasteropads live in fresh water; but the marine
species are by [ar the most numerous, and present a
great variety of forms, L \

51. Acephala (a name which means head-{

The acephales, Oyslers (lig. 198), Mussels, ete., g
double shells; they are providgd with an upper e
an under part callca valve, hence the name l:ll} Ei1m!'uc§
given to them. These animals have no head, and are
aqualie.

1. To what fgnd n.i animals do we give she name wollusks? Give soms
ezamples, L
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Oysters are maring* animals, that live in large colo-
niea called beds : they are lised on the rocks, and cannot
) move oul of their place; mussels on the contrary can
free themselves at will, Some live in the sea, and
some in [resh water, Lut they are
ok different spocics, .
== The interior Ji:uing of these
maollnzcans” shells is utilised un-
der the name of Mother of Pearl;
itis often very beautiful, and many
pretty things are made of its
2. When foreign bodies happen
to e introduced botween the animal and its shell, a series
ol shelly eaps are formed around them; upon the eapture of
theanimal these are removed, and constitute whatare called
earls, whichare eagerly sought for, and are of greatvalue.
42, Cephalopods. — 3. There exist in the seas,
all over the world, Molluseans that generall yhave no
ontward shell @ they are the Octopus
(fig. 199}, Cultlefish, Calameary, ste. gl
Tﬁ:ﬁ Nantilus, whose pretty shells are 5 %
often brought home by sailtrs Irom the
Indian seas, is a cephalopod, rather dif-
ferent from those I have jusl mentioned,
They arc strange and hideous creatures,
with a large Lead, two great %yes, and a
strong horny beak. Their mouth is sur- Pig.199.—Octopus
rounded by eight or ten long arms covered  ° -
with suckers, somewhat like those of the leech, and
with which they lay vigorous hold of whalefer comes
within their reach. When irritated some of them emit
a black ligquid which darkens and troubles the water
around them, therehy permitting Might : this black suli-
slance is used for arlistia purposes and is called sepin.
hese animals often grow o an enormons size, and
<become dangerous even to man. Some have been
known to measure ten yards or more in length, and
"their arms were almost as long as the rest of their
body. Men in fishing boats have sometimes been at-
tacked by these marine monsters,

oagti

Fig. 198, — Oysters

.t Where in mother afpear] Mund? | 3. Whal is keown“ader Lue name
— 1. How zre pearls formed? — | of cophalopods?

.
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All these creatures are so fashioned that their feol
surround the mouth, and they are therefore said to be
head-footed animals or (.'rluhufula,:mfg_ 0

IV — RADIATES. S

#3, The animals comprised under the denomination
of Radiates or Zoophytes [r]nm—unlnml‘,, are of very
diversified shape, Almoseall of them live in sall water.
1. The best known and most common amongst them

Fig. 200, — Star-lzh.  Fig. 200.— Echinnes  7ig. 202, — Sea-Anamone
or Sea-Urclin.

are the star-fish (ig. 200), the echinus (Gg. 201), or
sea-urchin, the sea-anemones (fig. 202), the medusas
(fig. 203), and the Polypi. The bodv of the star-fish is

= D= L]
Fig. 203, — Medusa, Fig. 204%. — Agglomeration of polypd

more or less covered with short spines, such as ag?'

found to a greater degree inethe allied sea-urchin

fig. 201).

: %‘he sea-anemones (fig. 202) are widely different in

organisation, their bodies are quite soft and flabby, and

they have no such spines, They ate mostly of fair size
r.d [

1. \'l.'hith{rlu the best kmown radiates?
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and lwwe singly, but some are very small and formn greal
’ colonies, which are united togelber ]?' a tough invest-
> ment, such for example are the « Dead men’s lingers »

of the French coast.  The investments of others, called
polypi, form enormous stony masses ealled corals
\ig. 204, and in the southern seas whole islands of
& “-ﬁﬁ.g‘ﬁuh.ﬂum:u are still to be found (fig. 205).

The jelly-fishes or meduse (fig. 203) somewhat Te-
semble the anemones in their structure; 1th.-3,' are [ree
awimmaers however.,

We must not omit to mentipn the Sponges. [Here isa
sponge prepared for use. 1. It has certainly but liule

Fig. 206. — Sponge.
= The sponpe used in

commernce 15 only Uhs
Fig 205. — Ceral Isle polyp. skelelon olthe animal.
likeness to an animal.  Yet it .was one. 2. Qnly when
it was a living being, all those solid thougl® elastic
parts were enveloped in a living substance {fig. 206).
3. What yow see here, 13, in fact, but the skelelon of
the sponge.

54, Infasoria. —*1 will now tell you something
apout some marvellous creatures most frequently found
*in decaying animal and vegetable matter, The majority
cof them are known a8 [nfusoria, but therz are others

also which are wonderfully small, yet of no little impor-

tance. Look attentively at this glass of water, in which

-

1. What is asponge? -+ 3 When | in o sposge prepared for use? —
the sponge was alive, whatedid il | 3. What then ia #I! sponge that is
® eortain more than we generally see | used in commerce
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I lLave steeped some bits of old hay. Hold it up
Letween you and the light so as to see very distinetly
all it contains. You perceive little mites of things
moving in the water (lig. 207). The magnifying %HEE'
will allow you Lo 1[islinguis]1 thom more c:lsil:.'; ut a
microacope* would be ngcessary to see them distinetly.

1. Well, these all but impereeptible specks, are litle— -
animals that live there in myriads; there are in“the
glass, tiny creaturcs of all sorts of shapes. Bome are  »
so very small that only the highest magniliying powers

can disclose their presence ; thousands exist in a :5 rop of
water., 2. But where have all these tiny beings come
from? That puzzles you! They have come from the hay.

Fig. 207. =— Infusoria [invisible o the Fig. 208. — Bactleria. lovisible
paked eye) coplained in a drop of 1o the maked oye.
slagnael water,

3. And how were they there? They were there dried up,
or under the form of eggs. 4. There exist creatures
akin to those in the almost imperceptible moss on the
house tops : quite dried up during the summer time, if
.examined wilth the microscope, they look like little
grains of green sand. 5, But if a drop of water fall
upon tlend they unroll their folds, and immediately set
out lo seek for their living. 6. When the water has
disappeared or evaporated, they become inert as before,
waiting for another shower. These are very curious
creatures, are they not? And they show you that the
most interesting and curious creatures are not always t
largest. We will find a new proof of this when we-
come to study microscopic vegetatipn.

1. What is to ba seen in a drop | vicualy? — & Where are olhers to

of water in which some blades of | be fooed? — B, Under what in-
old bay bave been infused ? — 2, Muense do Lhey unroll themsslves?
Whence enme these ihfusoria? — | — 6 What becomes of them il the

3. lo what mdi“’,ﬂn were they pre- | water gvaporales?
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SUMMARY. — Movrusks anp BapiaTes

1. Malluslis (p 76). — The Mollusean group comprises snails,
slugs, oysters, mussels, cultlelish and their allies.
2. Mother of Pearl is oblained from the inner layer of the shell
of divers molluscaes, =
T e 3, Inosome oysters, isolated bits of mother of pearl are formed ;
\ they take the shape of ting and beaatiful balls @ these are pearis.

. 4. Under the title of Radiales a greal series of groups is some-

# times elassed, owing to the fact that their bodies are produced into
o series of rays arowid a central moulh,  Chiel among them are
thi sea-stars, the sea-anemones*the jelly-fishes, and the Polyp,
Whole islands are sometimes formed by the agglomerations of these
little creatures.

® B, The Sponges we use are a sorl of skeleton, lormer(y enveloped

in a living substance.

6. Withen microzcope one can distinguish in a drop of waler in
which some old hay has been stecped, thowsands of tiny animals of
infifiitely varied shapes. These are Infusoria.

7. They existed in a dried stote in the hay; in the water they be-
come aclive and move aboutl.

SUBJECTS FOR COMPOSITION.

1% composition (p. & to 14). — Differences between animals,
plants, and minerals. — Vertebrales and invertebrates. — The four
great divisions of the animal kingdom,

2 composition (p. 15to 18], —."n‘l. hit characterizes vertehrates ¥
— Warm-hloaded and eald-blooded animals, — Characters of Mam-
malia, of Heptiles, of Amphibians, of Fishos.

&t composition (p. 17). — Abrkal animals, aquatic animals. |

= Amphibians.

4% gomposition (p. 23). — What shows that a Bal*is not :.
bird ¥

5% pomposition (p.25t0 26).—The paw of the cal. —Itsteath.
— Animals of the cal kind,

6* composition {p. 33). — Whal is reminating or chewing
the end? — The principal rulninants, — Services rendered by some

ol them.
= T ecomposition (p. 40} — What shows that a whale iz no

a fizh.
= B% composition (p. '&53. — General characters of birds. —

What is there in an egg? — low are eggs hatched ¥ — Artificial

incubalion.

- g cnmpnntllun {p- 55 to 57). — Whal characterises repliles?—

Tbe three groups of :EI'.«IJ[E& — What hnppens io ILmrds that have

_ lost Lheir tails. -
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L
i0* compoesithon (p. 57). — Yenomous serpents. -— Tell whal !
you know of a venomous serpent that inhabils cur counlry. — l
Where is the poizon formed ¥ — Menlion serpents whosa venom 4
15 almost immediately II1UI|.'I|. — Non-venomous serpents. — low 1
those can be dangerous? — Are our snakes dangerous?
11 composition (p. 58], — Mel: imur|-hu5c"~ of the frog. — Iy

what organs decs the Tadpele breathe? by what organs does lhr
frog breathe ? — The venom of frogs and londs, — Services FLII'IIJ,_'.'JQ"’
by l.n.;u]-.. \‘r

12 gomposition (p. 62), — The various forms of fshes. — o
Give examples, — OF what use are the gills §

13 composition (p. 66 — What is the origin of the word
amnuliete ¥ — Principal division®, — Dillerenl kinds of mandibles f
mel with amongst inseels, — The number of legs Lhey possess,

14 composition (p. 69), — The Phylloxera,

15" composition (p. 70}, — How many legs has a spider? — =
How do spiders Kill Oies? — The spider-like creature that oceasions
sleh.

16" composition (p. 72). — What happens o a worm that has
been cul in two ¥, — The development of the Tania or Tapewurm.
— The trichina of the pig.

AT* compositlon (p. 80). — Whal is lo be seen in a drop ol
marsh waler?
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vo~ut L — Structure of our Trees.

! » dib. Diversily in the shape and size of
Plants. — You have all observed I am sure the great
? differences that exist in forg and size among the divers

members of the Vegetable kingdom, or plants, as they

Fig 1. — Tren.

are generally called. An oak, a rose bush, a blade of
grass are al three of very different dimensions. To
express this we say, there are (rees (fig. 1),
{ shrubs (lig. 2), and hetbs (lig. 3). &
All these plants are clad in green, and (ool
- we shall herealter see that this colouring i °
of very great imporignce. You must know
hiowever that there ;::crslﬁp!m!!n‘ that are
not green :mushroons i g. &) for instance are red, or
brown, or white; the yellowish brownish grey spots, to
be seen-on Lhe trunks of trees or on walls, are nothing
_else than liny~plants called lichens. Shere are also

Fig: &.
Mushroom,



84 1. — FLANTS,

nnumerable plants which are only eleariy visible under
our m icmscnfcs.

b, The different paris of a plant. — But lel
us leave for the time being these exceplfonal plants, and
study attentively a common tree. '

See here, inh:L ]waiatﬁ_ corner of the garden, is a
conng pear tree that has sprung up of itself, as gardener
E-‘-a:,'. plpslmll ull it u ,En 1h§l E'u may examine -
gether. 4. All of you Eunw the different parts of a tree: '

L
¢
|

|

|

JFip. & —Wild pear tree. — A, rood Fig. 6. — Each leal pears a lud A
— bbb b—C, trunk, — D, primary al it axilla. — This bud will
bramehes, — B, secondary branches: become a branch, — Cerlain
F, hr:m-:ff' of the third cnder. beanches 1t terminate in a bud,

whiels will become a fower, and
allerwards Uhe froit.

1 the root A (fig. 51, which is hidden under ground, and
whose ramifications are called #he lateral roots, bbb ;
2 the stem or frunk C, that rises up almost vertically ’
3 the branches, divided into primary branches D, =
slarling directl; from the stem, seqondary branches E,
taking origin from the preceding ones; then branches
of third order F, that spring in their turn from the
secondary branches, and so on; 4 the leaves.

1. What are thadillerent parts of & commar free 7
|
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Let us now examine cerlain parls, closely. 1 Above
the stalk of each leal, just in the arcgle A (fig. 6), it
. forms with the stem, or with the branch on whicl it
J grows, you see o small bud. 2. This bud will grow
gar.th awd give vise lo a new branch. 3. All the
ranches spring thus from what is called the axilla
—~—~gl a leaf, and cach leaf bears a bud at its axilla.
4-You may observe that there are some branches B,
. *  usually shorter than others, and which instead of elon-
: gating, remain short and terminate in a flower bud
1 5 These buds will become flowers, and these Nowers
will pass away and give pr:u:u to fruit, pears in the
l'II"EEI:‘nL Casc.
e 37, Thestem.— Let us first take the trunk (fig. 7}
and eut it aeross. It is composed as you can see o
three distinct parts. 6. In the centre is
ith A, white and soft; then comes the
wodd B, which is hard; lastly all around
you can recognise the bark G, which is :
green and tender, and which you can pull oo . m
off in strips. " trunk,
This tree we arc now examining is a  J fhe i,
very young one, il spranlg up but last year ¢ the bark
from the roots of an old pear tree that _
perished by the severe cold of the winter; its stem 1s
uite slender. But I have hgre beside me a log of the
old tree (fig. 8) which I kept as a curiosily on account
of its great age. We will compare it wilh the young
slem. ik
The first obasrvation to be made, anda most gbvicusone
vou must admit il to be, is, that the old trunk s much
larger than the young stem, the diameter * of the former
measuring alrout forty inches : 7. strange to say, the arca
_occupied by pith in he old trunk is no grealer than
{in the young stem. °This astonishes you, I have no
~doubt, yet it is always so. In no case whatever does the
* pith grow bigger as the tree grows older. As for the
: {Jark C, it 15 no longer green and smooth, but has

1. What is to be séen al tho | characters? — 6. Whal become o
peeille of each leal? — 2. What will | thess buds? — 8. If the trunk ba cul
arise from she bud? — 3, Where.do | across. whal thres parls are discer-
all the branches spricg from? — | alble? — 7. What is to be remarued

. & Have all the bnnb‘u the came | aboul the pilh B an cld tres?
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become groy, rugged and much thicker. 1. The prin-
cipal difference however is in the bulk of the wood B, '
for it alone constitutes almost the whole stow, or trunk X

43 people say, when speaking
about the stem of ap old tree.
w% . Hereisaslice oftheold trugk
@ which I have had polishedr—=—
2. Do you see those ri:lgg all
filling exactly inlo one an- .
other? George, will you count '
them? — There are about 65,
: Sit. — Why do you say aboul
Fig. 8. — Transversal section S 3.' Becase the e,
of tha elem of an old pear tree, VY -:as.rfy cotwrtded wear e
erens Pl which docanol in. pith, are so closely pressed
with ¢ircles fiiling {nlt sack fﬂ:}'ﬂ”ﬂﬂi“ near e batele  het
oheeyarilumarksayes. | “ean  gearcely  distinguis
— Gy the bark. < ’ B
: them. How does this hapfien?
— Follow my explanation, and you will easily under-
stand why this happens. 4. Each of these cireles marks
one period of growth of the wood, and gencrally, one
year of the life of the tree (this one then would be
about 65 years of age). Every year, the tree grows
thicker; you understand of course, that this growth ean
only take place outwardly, for were the new layerof wood
to Le formed inside tre trge, near the pith, all the old
wood, being hard, would inevitably b shivered and rent.
The new wood grows between ihe old wood and the

layer of wood. ;

}:\’nw,' when the tree was ]’mll’:ﬁ it grew much faster
that in its old age; just as children do; for you grew
much more rapidly Between four and five, than you will
grow {rom 14 to 15. This is why the transvérse dia-,
meler of the vings is less as ey go further from the
centre of the stem, that is lo say, are of more recef; :
formalion, "

Are an?' other distinctions made between the divers
paris of the wood itself?  You should know, Paul, your

1. Which part of the trusk of a
trea develops the mostwith age? —
& Whiat s fo be seon'on altentively
examining a slice®l wood. — 3. Can

thess rings be easily counled? —
&, What Joes sach of dbece rireles
Jnd:'l:d;u?
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father being a earpenter.— Can you tell me? —4. Yes,
Sir, there is the sap wood, A (lig. 9), which is solt, ana
= the core 13, which is hard, and 13 found under or
within the sap ‘wood. — Quite right; ~
the core is harder because it is olier, ;ﬂ/—»f‘
and a grealer quanlity of solid matter g 9
——Jas been depusited there, during a K‘\ T
longer period of time, consequently it aX _ _I_j
) * will give more heat and leave a greater =~ ™=
quantity of cinders, il used as fuel. ﬁ!f,;f.'u'_t:,,;;‘,;n}i?
B4, The root. — So much for the g
structure® of the stem. That of the root is similar.
There is so little difference between the rools and the
@ stem, that in some cases, as in that of the lime tree, the
aeacia, the chesnut tree for instanee, when a part of the
oot is lgid bare, it becomes, if so left, for any consider-
able length of time, quite like the stem as far as appear-
anee iz concerned, and may even give rise to branches.
$9. Branches. — The way in which the branches
stand related Lo the slems is exceedingly varied. Look at
the fir tree (fig. 10). It gives off at regular intervals

Fig. 10. — Horizantal branches Fig. 11. — Plam tree, branches oul
of Lhe fir tree. | in &l direclions.

horizontally * directed branches; see, on the contrary,
this phun tree (fig. 11), it branches out in all direc-
-tions, so that one can scarce [ollow the main siem.

I. What else ml]‘i( orserved of lbe dilferent part® of the wood 7
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1. Still, whatever aspect the tree may have, the stem

is always thicker al the lower paris than at the
higher. It tapers i.‘,rﬂ{hlallj.‘, and terminates almost in .
a point, This is the case, al least, with all the trees of

Our country.

G0, Leaves. — Lef us consider the leaves noy
2. Those of our pear tree nave stalks A (lig. 12), or —=
N '
L3 s o T .:
{/"{“- . KE \'Ir_l

Fig. 13, = Wild Gersniom leal,
blade divided,

Fig. 12. — Leavea of the pear-
Lree,
A, policle.
B, :];H]t or lamina

A : o ; 3
Fig. 1. —Butter eap feaf, blads  Fig, 15, — Acacia leal. Blade with :ompliu’t;iL_.
completely divided, divisions, — @, &, ¢, lebes of the leal/or

leaflets, — B, bud. — P, petiols of thest

leal.

use a more scientific expression, have each a petiole. ”
3. The petiole supports an outspread green part, which

1. What general oi-sf'rutiun may is the seatific name Er the slam
be made regardigz the trunks of 1 of a legl? — 3. What name is given
erecs ineurows country?—2. What | to the EMTI;III? .
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is the leal properly so called : the blade or lamina.

This blade 18 the most important part of the leaf, and

many plants have leaves without stalks. 1. The leal of

the pear tree has a simple blade, whilst thal of the

wild peramium (fig. 13) 1s divided into several parts.

. The Lﬁ\'isi.uns are complete in this buttercup leal (lig. 14)

~wnd_extremely complicated in the leaf of the acacia

(fig. 15). 1 think I heard Henry \\']LiRTer that each of

these green lobes a,b,¢, is by itsell a whole leal. 1 say

be is mistaken. Can any one tell which of us is in the

right, and why? Nobody? «2. Do you not remember I

already told you that, at the axil of each leaf a liltle

bud was to be found, and you see in this case one

® only exists, B: and it is situated at the axil of the whole
leaf. 3. Besides if those big petioles were small *

branches, they would not fall in autuma, and you know

they fall, as all leaves do.

The fowers. — And now to the'flowers. The

first things that meet our eye in our pear blossom

(fig. 18), are those five little outspread white leaves

L
Fig. 16, — A, 8, C, D, Fig. 17. — F, G, H, 1, Fig. 18.— A, slamens,
E, petals, — Thess j‘, sepals. — The ag- = [I, yellow anlhors
taken tlopgether form regate of Lhese sepals boarng the polles.

the coralla, orms the calyar.

_&, B,C, D E A4 Tlrey are called petals. 5. If we
. now look at the underside of the Nower (fig. 17), we shall
‘ses five other leaves T, G, H, I, J, much smaller than
. the first and that hate remained green, those are called

1. 05 the blade always the same 1o Lhe fve litlle white leaves whick
shapa? — 2. Whal proves that form the blgasom of the pear treo?
ke lobes in” the leaves ofthe acacia | — 5, What name is given Lo the five
tree are mol leaves 7 - 3. Giwe an- litlle green leaves taal ars faund neder

" othar proof.— 8, W hat napne @ given | the Dower?
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sepals. 1. In the centre of the flower (fig. 18) there

are a number of litle things like bristles, A, cach

finished off Ly a tiny yellow ball, B : theso are the sta-

mens: thoy owe their yellow colour to a sort of very fine
.\1\; 5, dust, that botanists call pollen. You are

{ all aware of the existence of this yellow

L .~ dust: last year, you remember, [ was obli
- 'ﬁ i L : R T d
i GRS | pumsh James, who had so besmears

vLRoy his face with pollen that he set the whole '
\ school langhing.
] We will now pluck off the sepals, petals
Fig. 18. and stamens ; 2. [ must not, however, omit

A, ovary beco-
mes Lhe frueid
— 11, styles, =—
A anid B, taken
logether form
the pistil. —
, ovalas (or
white specis)
which becoms
pips or feeds,

to mention that the aggregate of the petals
is called the corolla ?ﬁg 16}, whilst™
calyx (fig. 17) is the name given lo that of
the sepals. 3. We have reduced=our pear
blossom to a little ball, A {fig. 19), 8
mounted by five minute stalks, 3. 4. This
Lall is called ovary or seed vessel, the
little stalks are the styles, and the ovary and the styles,
taken as a whale, form what is called the pistil.

62, Fruit. — A very litle thing indeed is the

Fig. 21, — A, pips or su’ﬁ;-

ovary; it will, however, grow big, if spared, when once
-

Fig. 20.—A, lemains of the disappearad slyles.

1. Whal nama is given o the liitle
tristles in the centre of the fower?
— How do the siamens terminale ¥
— To whal is Lhe yellaw colour due?
— 2. Whal pams [s given Lo lhe
petals? to the repals? — 3, What

remains when the sepals, pelals and
stamens bave beep taken away?—
&, What name is giveo fo this Ltk
Ball? Lo the stalks? bo the ovary and
slyles dopether 7

{
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the cauyx, the corolla, and the stamens have fallen away.
1. It will swell out and become Lilled with juice, at lirst
sour but afterwards sweet; it will, in shorl, become a
pear ¢ the fruit.  You can casily recognise the ovary,
after itz transformalion into a pear, for on the summil
Aeof the fruit {lig. 20), you slil]]'liud vestiges of the parls

" ive disappeared; they have made a little hollow,

» right opposite the stalk,

2. lu this fruit, you know, there are seeds A (lig. 21,
loosely hung in small cells. IF we cut across the ovary
of our pear blossom (fig. 18}, we shall see in it very
small u.lhitc apecks, G. 3. Those specks, which we can

ick out with a pin, are called ovules, that is lo say,
R‘ufu egys.  Those tiny things, in the course of time,
will become the sceds (lig. 21).
' 4. So % calyx, a corolla, and stamens destined (o
Seppear, an ovary which is o become a fruit, and
ovules that are to become seeds, such ¥ the composi-
tion of a pear blossom.

G5. Imperfect lowers, — A lower such as that
of the pear iree is said to be complete. There are also
incomplete ones. In some, the calyx is wanling, io
others the corolla, somelimes even both, but this is of no
greal importance.

I see this astonishes you, and that in your opinion
the most important parts of the flower are the beautifui
petals so often decked in gay and brilliant colours. But
thi= is not the case. 5. The really imporiant Fm'l-ﬁ‘ of
the flower are the stamens and (he ovary; [ should®
even say the grains of pollen and the ovules! »

What proves this is that many flowers have neither
calyx nor cogolla. The flower of the Hazel nut, for
example, and yet the Hazel tree (fig. 22!, bears fruit as

ou well know, and thawis the prineipal end of ils exist-
f—‘g-um. Another proof is, that you may pluck away the
~petals and sepals of a perfect llower, and by no means
ﬁiﬂdﬁ[‘ the developmept of the fruit, provided the stamens

* and the pistil remain uninjured. 6. Bul if you pick off

L What becomes of that littla ball? | part  eof the pear blossom? —
= %. Wha} Is 1o be fonnd in the | 6. Which s the most important
fruit? — 3. What will Yhese tiny part of the flower ? — B, What

. bpecks become in the courss of time? | happens if you d¥stroy the slamens
— &, 'What then becomes of each | of 3 flower?
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thestamens, the ovary will not develop, or as horti-
culturists say, the fruit will not knot.

Fig. 22 — Fluwers of Lo hazel Fig. 23. — Flower of the maize or
nul. — They have neither ndian eorn, — A, Dowers with
ealys nor corolla slamens. B, Mowers with pistils,

A. This iz notall; there are also flowers that do mnot
possess  both  slamens
and pistils ;: some bear
stamens, while others
bear pistils. 2. Such
flowers if kepl loo far
apart from one another
remain barren, that is
lo say, produce 2o fruil,
3. Sometimes both kinds
of ﬂnwm-ai grow upon
the same plant, as is the
ase with the melon, th
L irch, the walnut tree
Fig. 25, — All the Weeping Willews of UD€ Maize or Indian corn .
Smrope have Qowars wilh pistils [those Llf:: . 23). 4. Somelimes
L

will slamens are jo Asia) each W UDOT @ -
different plant; this is the case with %::ps, Bmp,

1. Do all flowers posseas both sta~ | are tha two kinde of flowers found
mens and pistila? — 2. What bap- | ia the mefon, birch, waltiot tree, and
pens if these flowers are kept far | maized —& In hops, temp and wil-
apart from each other? — 3 Whera | low? 2
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willows, cte.; if these plants are not neir enough to
each other, they will pever bear fruit. 1. Sce there,
on the waler’s edge, that beautiful weeping willow
(fig. 24): it is a native of Asia; and as ouly one kind has
been brought to this country, the one bearing pistils,
: nabody, in our part of the world; ever saw any of it2 seed,
T mrd-all the trees of the kind, that decorate our gardens,
. have come from slips®, and bear flowers with ovaries
that remain unfroitiul,
G4, Seed, — We will now return to our pear blos-
som or rather to its fruite 3. It contains pips, or
seeds, which if put in the ground will give bivih o a
Jlear tree similar to the tree that bore 1f.  Lel us exa-

mine carcfully one of these seeds. 3. We first meet
with a coveriing or shkin, and within it, the sced pro- i
werly so @ulled.  As the seed of the pear tree is too small
low us to see its details with suflicient accuracy, we
will take a larger one, that of an almond tiee for instance.

4. The skin once removed, we find two Deshy* bodies,
which are wery savoury (G, G’ fig. 25}, and constitute

Fig. 25. — The almond is compossd FIE. s, — CC', eolyledong, —
of bwo large Qeshy bodies C, C'called y radicle. — G, plumule,

colyledong, — T, i3 a plaol io

minialure.

most the whole huik‘nf the almond. 5. Botanists®
- have given them the name of seed-leaves or cotyledons :

I do not like to give you those big ugly Gree words,
- but very often it is iffpossible to avoid them.

1. What 18 remarkable aboot the & When the skin of an almond ia
weaping-willow F— I, What becomes | taken away, what is found? —
of pipa wid sesds when "pat ot 6. What pams do botanisis Bive
Llis ground T — & What is Lo ob- these two Oeshy bmdjes

" served im the seed of a pear? —
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See 1 have carelully separated those ecotyledons: do
you pereeive, at the pointed end of the seed, o litile
body G? 4. Lookat it closely, very closaly; it is really
@ miniafure plant. 2. One can distinguish, without
great difficulty, a tiny root R or radicle (g, 26), a mi-
nute stalk T, and on” the top, a very small bud. Aud
the cotyledons (i, G, of 15'11;!! use are they? 3 Ths
are simply the two lirst leaves of the plant. % Wers
we to put the little fruit (the almond), in the earih, the
radicle R would become the root T, and the plumule G
would grow up to form thp plant.  As for the cotyle-
dons, their history is more complicaled, and we will
herealter see whal becomes of them when we study
germinalion”. =

II. — Structure of Palm trees.

G5. We have, ina general way, gone over the history
of our pear tree and its [ruit, T now wish to examing
with you another tree, one altogether different from the
foregoing, a Palm-tree. Unlortunately none grow in
this country excepling in hot houses®. "To find one we
should be obliged to go to some warm climate.

You may asﬁ : but why then choose the Palm tree?
There are in this country ,many other trees. The oak,
elm, poplar, ele.  Quite true, dear children; but what
I have told you concerning the pear tree, is applicable
lo all those trees, nay cven to all the lrees of our
coundry. (G, All these have a trunk thicker at the
base thim at the lop, a conical’ trunk, lo use the geo-
metrical expression; all have a bark and wood harder
in the centre, and »ings fitting inlo one =nother, and
pith; the stems of all of them bear branches or I;wig]s,
which come [rom buds situa®d at the axilla of the
leaves; all of them also bear seeds that have two cutrl_ r
ledons. 3

Bul a palm tree is altogether different, and itis for
that reason [ find it necessary to tell you aboutit. For-

1. What ti Lo be srenat the painted liappen i we wers to pot the wholg
end of the seed? — -2 What do | froitio thg ground ? — & Hepeal the
you pereeive ihere? —° 3. What are | general characteristies of the Lrees of
the twe cotyledon®? —4. What would | cur cofatey,



STRUCTURE OF PALM TREES

o5

mmutc]y 1 have been able to procure  some |_';11r|n:| &n=-
gravings that will Lelp you to follow my deseriptions.

GG, General aspect
the general aspect of the t
iz from those ol our fo-
regis. 4. No branches
e fo be seen along the
trunf,and on the top A
only, we find a wfl of
leaves long, strong, and
atiffl. 2. The trunk B
tszelf = from top to
bottom of equal dimen-
®ions, it is eylindrical”,
not conical’. From the
op, beneath the leaves,
; bunches of flowers
ang down,

This palm tree is, as
vou may judge by com-
paring 1t with the Arab
passing on camelback,
nboul 45 feet high. 3. Tt

ig. 26, — Truni ol palin
Iree. — The sears imli= eul of
: fe the place whers

s, the leaves have fallen
ol

be thicker than at presont

Fig. 3. =— Tranaversal

palm trée. —Na pith
u cirtles of wood Hts
ung inte each other,
po bark,

« — Observe in the first place

rea (fig. 271; how different 1t

Fig. 27, = Palm tree. — Trunk from Lap
Lo baltom of the same dimension (eylin-
drical)

iz a tall tree; but just near it

is & very young one C, not above 9 feet high, although
is trunk 13 as thick as that of iis elder brother;

Fig. 0. — Longilmlina
enl of the trunk of a
alm bree. Showing the
ard  black Glnmenls
which give slremgth Lo
e trunk.

the trunk of a

strange to say, however fall © may grow, 1t never will
- This then iz another great

1. Whal dilerance exisls io the
. branehies of the palm lree? —a 2. In
il lraak T — 3. What other great

diferencs is Lhere Between a palm
troe, and our Lreesd
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dilference between the palm tree and our oaks, elms,
and apple trees, ete,

Look also at the trunk of the palm tree fig. 28), you
sea upon it a series of regular scars. 4, They mark the
place of leaves that have fallen off; the highest alone
remain.  These form whe luxuriant tft which consti-
tutes the sole ornament of palm trees, 2. These trefs™ 7
have but one bud or shoot situated on the top of the
free, and ad that point alone the plant grows. 'There
are no lateral” shoots, henee no branches.

G7. Stem. — Lot us new examine this bit of stem
cut across (fig. 29). What a strange texture ils parts
have! Here we find no pith, no rings of wood fitting
into one another, no har]r;, 3. Instead of the regular
disposition we have been accustomed Lo see, we have
here a spongy mass, in which are seen an“immense
nwmber of hard black spots, irreqularly disposed -

What can these Llack spots be? In order to ascertain
this I have cut the stem of the palm tree, not across, hut
lengthwise, through the middle (fig. 30). This shows
us, runuinﬁ through the :P-»ung]," mass (which mors or

les the pith of our trees), hard black fibres
that appeared as black spots awhile ago in the transverse®
section we examined. These fibres have a very irre-
gular direction, and seem, at first sight, to wander
through the soft mass, which they consolidate. 4. If
closely looked at however, one will observe that they
all come from the leaves, run down into the interior of
«the stem, and thence come back to the surface, where
they digappear. 5. These threads or fibres are no-
thing else than the wood of the palm tree, disposed as
you see i a very peculiar fashion. The number of
fibres is considerable enough 1o give the stem sufficient
resistance to admit of its being gised as timber.

!

1. What is the eause of the scars | (he pith, and the rjsgs of wood ="
that may be whserved on a palm | fiting ioto each othed? — &, What
frea? — L. Mow many buds are | directifn do the Gbrés lake, that wa =
tiore in the palm tree? — Where is | see ruuning through the intericr of
thiz single bud sitvated ? — 3. What | a palm troe? — 5. What are thess
ts found in the palm tree instead of | Obres?

L L] .



DURATION OF THE LIFE OF PLANTS, L

III. — Dicotyledonous and Mono-
cotyledonous Plants.

.

"

B8, There are then, between.a palm tree and a poplar
-~ J——‘—-._Eu" il:lSl.'ﬂ.]'ll:D,, wide di fforences ina [pearance and in slrug-
ture. 17 Moraover, whilst the seed of the poplar and that
t " of other trecs of similar construction, bave, as we have
already learned, two cotyledons, the seed of the palm
tree and that of all plants pf like structure have but
one cotyledon.
2 It 15 then quite natural to divide the vegetable
®kingdom in munocutgledanuus (from the Greck monos,
which means onej and dicotyledonous plants ([rom the
Greek dis which means o).
both groups there are both trees and shrubs,

IV.— Duration of the life of Plants,

G0, Annual, hicnnial, perennial plants, —
The length of the life of plants is extremely varialile.

3. There ar¢ some, which in the course of a single
year shoot up in spring, grow stems and leaves, give
flowers, fruil and seed, and (hen perish at the end of
the warm season. Such are annual plants.

4. Others vegetate during the firsl year, that is to
say, they bear only leaves; they dive through the winter
5. The second year only, they fower and fructify, *
then they die.  Such are bicnnial plants, Ly

6. Annual and biennial plants have but one inflores-
cenice or flowsring, and one ,l'".*'uf:.!f{fmﬁrm'.

7. Plants are called perennial when they flower sove-
‘_Ehiimcﬂ in the course oPseveral years.

; some lhe rools alone are perennial, such as
“the dahlia. Every year, the knotled root or tubercle

L. What fundamental difference in | takes place in bienneal planls doring
there between the seed of a palm the Arst year ? — 5. During the second
tree and coe of our own leees? — | year? — @, In what do anouwals and
1."To whal grest division do palm bicomials agree a3 regards - Uheir
trees beloog 7 — 3. What %5 ta ba Nawering? — Fheir froctification P -
Jobderved in annaal pland?—4& What | 7, What are pereolial plants?

5
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choots forth beautiful soft stalks that Lear flowers, and
die in the antumn : 4. such is the case with asparagus,
hops, ete. These plants bhave perennial roots and an-
nual stalks.

9. The real perennials are the trees and shrubs. i
They grow larger every® year; but none of their aériab’
pacts die, and year aller year new lowers and new|
cover their young branches. .

V. — Classification of Plants. |

70.1 will now speak to you about the classification of

plants. This is perhaps more difficult than that of ®

" animals, beeause ]r;unls resemble each other more clﬂse]ﬁ
than anmimals do. Everybody is able to disinguish’
insects from birds, and amongst inseets, flies [rom L
terflies : but it 45 not so easy to draw lines of demar-
cation in the vegetable kingdom. :

Paul, suppose 1 were to task you with this classifi-
cation how would you set to work ? — Why, Sir, Ishould
begin by dividing them into trees, shrubs, and herbs.
— Well, that idea has come uppermost Lo many ]muFlc;
but see how many difficulties rise before you, Pray
what limits could you fnd between the three classes?
Where does the group of shrubs end, and that of trees
begin; and when does a plant merit the name of a shrub
instead of being numbered amongst herbs? Are hazel
snuts found on a tree or'bo a shrub? Are furze shrubs
or herbg?s The distinctions are not sufficiently defi-
nite. What do you say, George?

Sir, 1 think T shnuli class plants as annuals®, bien-
nials®, perennials®, by roots, and the true fercnnials, as
you did a little while ago. — This is certainly a better
plan. But is not meadow grass very like corn? Yet]
corn is anoual, whilst meadow grass is perenmial |
meadow grass and corn would then come under two ~
different categories. More than thkat, the ocats we cul- .
tivate are annuals, whilst the wild oats that grow along
the roadsides are perenoials. Here again are two

1 Zome planis gre [:trl:nlﬁll coly | ing thgse plapts ? — 2. Which are
in Un rosls s what takes place regard- | Lhe typieal perennials? ]
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vellow bultercups 1 gathered side by side, one is an
. annual, the other a pernicious perennial weed almost
. impossible to :ins'ujnfl'. You see this system is far
from being perfect cither.
71, Importance of the characters of IFlo-
———agrs. — 1. After long research, botanists® have come
to the tonclusion, that the Lest divisions are those drawn
*  f{rom the structure of the flowers, the fruit, the seeds;
in a word, all that tends to perpetuate the species of
the plant.
rJiI'iS- conclusion ought not fo astonish you, since you
already know that the form and structure of the stems
o trces whose seeds have bul one cotyledon, widely
dilfer from those of trees whose seeds have two coly-
edons. .
us a series of great groups has been constituted, as
ringing logether under a common head plants often
very different in outward appearances, but bearing
flowers, having great similitude to one another.

72, The Leguminoss, — [ have no doubl you
all know the weich, the lucern, the broom, the furze,
the lentil, the clover grass, the pea, the bean, the kidney-
velch, the laburnum, the acacia. Some amongst these
plants are simple herbs, others are shrubs, others trees;
there are in the number annuajs, biennials, perennials;
some creep on the ground, some climb, whilst other
stand firm and erect; some have soll leaves, some
prickly ones. But if we examine-the flowers of all these
plants{the fruit and seed also], we shall see Lhay, they are
all formed in the same manner, or very nearly; %o that
if we trace the history of any one of these lowers, what
we say unn-:ern'il}% it will be applicalle to each and all of
them ; for they differ but little except in size and colour.

Let us take for examfle a blossom of the common

] m {lig. 31}, that growson the road side and displays
£t this season thousands of bright yellow Nowers.
. 2. You find at first ome difliculty in distinguishing
the sepals ), which are as it were soldered together, the
five points only being free. Inside, is the corolla with
its five petals; and very unlike one anotber they are.
< -

« 1. By what charartaristirs have bota- tion ¥ — 1. What "I‘*ﬂ do the sapals
oists established a yegetable classifics- | of the common broom present ?

.
*
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4. Here is one A, much larger than the others, which

rises almost erect; beside it are two smaller ones, one -
BB, on each side; lastly, the two remaining ones, G, 1
are united as it were into something shaped like a
boat's keel*.  The stamens B also are peculliul']}' dis-

g
A |
£
I | |
§
\ el
|
Wil
It I 1
JI -
-
C
Fig. 31. — Flower of the common broom. Fig. 32, — Thg same, (ronk
Side view. — A, B, G, pelals. —D, ca- view, — A, B, C, pelaks
Iyz. — E, stamens. farming the corolin

posed, as :_mu.:_ua:,' gee. 2. They are ten in all (fig.

33}, nine of which are uniled together at the Lase, one

only F (fig. 34) being free. 3, They thus form a long
o

i
v =

P T

G -
L ._:____"‘ﬂ'q.,_ ‘L'_'h, =
Fig. 33, — The len slamens o Lhe Fig: 3. — Nine of the stamens
broam. araunited at the base, eneonly,
- F, is Ires.

wbe, split open on ome side, in which the ovary O
(fig. :35]] is situated. But the ovary will be much more
onsily examined when it has be-
C ST come a freit or a pod.
= And as the fruit, or pod of |

;i broom, is very like that of the beany

Fig. 35 —0, craty ol the [ only have (p recall it to your me-
gl mory. Everybody knows-what the

soid of the Lean is like, it looks almost as if it were a
{eul' folded in two, with its edges fastened together (fig.
36). Everybody has also seen, inside the pod, ils

1, How are th*'nruls disgosed ? = | anad how are they arranged? —
1 low many slamens nas this Bower 3, Where is Lbe ovary siluste?
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edible sceds, called beans. 1. The Lean being a large
seed, you will casily discern the tiny plant between the
} - two feshy cotyledons which envelop it, and which will
also serve, as we will afterwards llvu.ru, to nourish it
when it biegins (o sprout,
And now nest the broom and the bean, P
—salie the flowers of the laburnui, examine
also its pods and ils secds, you will again
find in them the same parts similarly

L dispozed.

The Mower of the lucern Leing less,
is not so casily examined ; Hut with pa-
tience and sharp eyes you will be able to .
wonvinee yourselves that it also is ol like [I/
shructure. ¥ g
It is gaile reasonable then to put all IJ':{. [ L

|t‘// b
L.t

- plants together under the same

denomination. 2. So, as I have already

told you, all of them come under the ge- Fig s5. —pad of

neral family name of Leguminosa (from  anopes bean. =

the Latin lequmen, vegetables, or pol ;ﬂ{.,,‘j,‘,f,':,g‘ b
herbsl. This name has been chosen be-  little plant, and
cauze many plants of Lhis family are used b ing okl
for culinary purposes.

75. The Rosacese. — Lel us once more return Lo
our pear blossom, and examing il more closely even Lhan
before, or better still we will subsiitute for it this wild
rose (lig. 37), which is of the same family, and has a
larger flower. You see it has5 sepals A united toge- ,
ther at the base, and containing first 5 petalg I3, then
a great number of stamens G lasly the ovary D, hidden
within the calyx and adhering to it. Well, the flowers
of the bramble, strawberry, medlar, almend, cherryand

. plum trees, ete. are all digposed very much in the same
'_lk::lnner. Important dififrences exisi only in the ovary,
and consequently in the fruit, for we find amongst these
plants to which we have just alluded, some that bear
eshy fruit with pips spears, apples), others with stones
@eaches:,':herries, plums), others with but little flesh, and

1. What i to be scen in the pod; name given Lo the group ol planis
when Lhe ovapy has becomoea [roit, | having the same characleristics as
under the form of & pod similar to | broom? Name Ium‘nf thesa plamts.
1ot of the bean? — 3. What 12 tha
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with kernels (almonds), ate. Yeton account of the simi-
larity of their flowers, botanists have composed of all

Fig. 31.—Wild rose. — A, calyz. — I, rorolla. — G, slamens. — D,

these plants the Rosacea [amily, so called because their
flowers have the same structure as that of the rose.

This shows the imporiance of the structure of the
flower. Let us then conlinue to examine some of those
that bloom in spring, at the same time as the pear.

74, Primulacene, — See here 15 the
yellow primrose or cowslip (lig. 38),
lound in abundance in our meadows
during spring, You see it has five
sepals joined together A, then five petals 13,
also united at their bases, so as to form a
pretty long tube. Let us cul open this
tube (fig. 39) : within it you will sce, ad-
herent to the side of the tube, five sta-
mens Gt Al the lower ead of this tube
is situated an ovary D, quite isolated and
| Learing a long® style. This ovary \\'i' 1
Fig. 35— valow DCCOme a fruit or seed case, which wi

cowslip (Prims- ripe will open al the top just like a real
lagem). — A, ca box [h r G1Y.
hz., B coralia, B J - i .
Along with the primrose have been
classed the lue and the red pimpernel, the cyclamen, ete,
All these flowers form the family of Primulacea.

.
1. The section ol4he Dower being in two p“'u., we can only show threr
stamens in the fgure, . Y



' CLASSIFICATION OF PLANTS. 103
7. The Ranunculacem. — Here is a common

buttercup (fig. 42). We find five sepals A, quile separate

- thistime- five petals B also separate; a greal many sla-
k . (2]
: g
L " &y
¥ i 27
i \
» Fig® &0 Fig. &1
(3, stamons L, wvary, Frail of the piispernel.

emens (fig. 43), and in the centre a considerable number
of small ovaries (fig. 44) which will hereaflier become
so many sced-boxes, each conlaining one seed. The
buttereup is the type of the family of the Ranunculacez,
o which belong also the clematis, anemone, picony,
and hellebore, ete. ]
76. The Aspara-

gineme. — See here isa
stalk of the Lily of the
valley (ig. &5}, a Oower
very differcnt from any we
have yet seen, It has but
one lloral envelope A,
which lonks like a little
round bell. This bell has
on its edge six notches,
which show us that there
are here six petals blended
into one, excepting at the -

very li?s. Al the boltom ¥ LS Bl
of the bell (fig. 48) are to  cex)—A, 5 s
be seen six stamens fhd 5";?:‘,:;";55;
n ovary, which will be-
come a =mall fleshy fruit, properly called a berry. The
lily of the valley is akin to Solomon's seal, the aspara-
gus, ett. ; it belongs to the family of Asparagines.

77. The Amentacese, — The flower I now show

you is as quiet and dull looking as possible [lig. 48), no

rilliant colours has it to attract the eye. Itis the lower
of the willow, the one which bears staimens, for as [ have

o '!1'3:.5;-.‘, i

Fig. 43, — Upea
hatlercup,

s
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already told you in those plants both kinds of flowers
d (Mowers with pistils , and i
e flowers with stamens) do nol
k p By grow [rom the same root, bul

I 'Iw.tl upon two different plants.
‘h‘-i} . This willow fNlower has nei- l
i L ther calyx nor corolla, fe——
Fig. At merely (wo stamens -4 (fig. o
o Belishowing the  49), silunted at the base of 2 l
ol :I;I-ﬂ sorl of little seale or bract B.
lily of the val- Thoe willow I.u.-lnn;._;:‘& to the
s Tamily of Amentacez.
78, The Compositoe,—
I will finish this lesson witles
: A the examination of ome of
. ‘{W those litile d-‘:isies.&ﬂg. 52})
: whose white lowers adorn
Fig. &5 —Lily . Fig.87.—0Ovary  meadows and road sides and
,’.fsp';'::g::[!kf [’l{!‘f:”!:':!.f " which, w:':llppmt up a8 8000 as
' evening falls in their preity
frills, seem 1o sleep snugly all through the dark night
nntil the warm sunshine awakens them at morn, and

i -

Fig. t5. — Flower and Fig. 49, Fig. b0, — Flower Fig. 51
slamens of the willow A&, stamens of and pistil of the  Ovary of ihe
{Amentaces), tln!u 'l_'riiil}'ll', ® willow, willow,

— B, bract,

invites them to unfold their wrappings and enjoy the
bright and genial rays. Paul, [waJ]J tenst you with this .
examination; hut lef me warn you that nolwithétanding
the modest look of the Nower, it will give vou no little
trouble. In the first place, how many sepals A do you
find? More than m-unIE. Indeed ; mnd how many pe-
tala? If all those white blades I {fig. 537 are petals, there .
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. are a great many. Well, count them, pray, and the
stamens and the pistils also. Akl Sir, I am altogether

1
|
- 1 £
Fig. ¥%. — A dalsy as seon from Fig. 53. — A Daisy seen [rom above .
beneath [Composiiz).

s A crown of small leaves. — I3, ball Norets.

ered ; the little yellow things (fig.. 54) I look to
be stamens are certainly something else, for [ see with
your magnilying glass that cach
has five nolches: they look more
like tiny flowers than any ihing
else I know! And [lowers they
are, my child. Each of those mi- : _
nute lowers bas five petals joined Fle- 34 —Seclion ofa daisy
together, forming a tube (fig. 55); i ’ ;
inside are live stamens with a pistil which contains an
ovule or tiny seed. All this can be seen with a good
magnilying glass. Those small ewers are called florets.

The white Llades B(fig. 58), 7,

L] r

you eounted at first as petals, =

are merely leal-like organs

called bracts, wreathed around the bunch of flowers,

just like the leaves sometimes put round a bouquet.
The lamily to which our daisy he]angn, well merits,

a8 you see, Lhe neme &f Composita. Th

numerous and extremely varied (amily.

are also lowers : cach Llade is i
composed of 5 petals blended < T
together in a lamel B, al el '
the upper end, and formifg a i 1"'
1‘1‘&-& l];, at the lower, They 3
sve called half lores; P By s
Lastly, yourso-called gepals s dalsy, o

®m is o very
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79. Principal families. — Wea have but few
flowers at our disposal at the present time, early spring e
giving more green leaves than Nowdkrs. Dul as others
come into view we shall lind oceasion Lo pxaminet he
prl.m:LFnI ones amongst them, and learn their strueture,
their family, and their name. e
I shall now indicate Lrieflly bow we should ciﬂﬂﬂn -
most important plants, those you know best or liave = |
heard most about. )
We shall begin by the Dicotyledons. Here are the
BRanunenlacer, with which we are already acquainted.

'l' : H 1.1 't.!;flr"ﬁ "\itl_'_‘-""h:.j‘
‘*4,:_' "T'{;{g:{‘_. i 'E;L.\Ill 3
- I\

Fig. 57, — Papaveracem  Fig. 58. = Crucifern  Fig. 58, —Caryophyllacee.
(Corn Pappy) [Colza).

Then come the Papaveracen (fig. 57), among which we
find the Poppy [in Latin Papaver), the corn poppy, and
their” allies.
The Cruciferae (fig. 58) (a word which signifies cross
hearer), thus named because their fous petals are dis-
osed in the form of a cross. This is a numerous
anily, which eomprises waMllower, waler cress, slo e
mustard plant, cabbage, colza, radish, horse radisl e
The Caryophyllaces (lig. 59), to which belong carsm-’
tion, pinks, soap wort, catch Jly, common chickweed,
flax, and many olhers. . :
The Malvacee (fig. 60), or mallow family, to which
belong the mallow, marsh mallow, ete. :
Leguminosa (fig. 61), With which we have already
made acqffaintance. O
The Rosacer we also koow,
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The Cucurbitacew (lig. 62), comprising the melon,
encumber, pumpkin, colocynth, ete.

? Tha !’.-'"mja:'e’-f:'f't'r':r {lig. 63), whose fMlowers are borne
upon little stalks all aggregated al the tip of the principal
stem, and thence branching out, forming an wmbel.
Amongst these we find parsley; angelica, parsnip, carrot,

E__H"r}mrl_.'ii hemlock, cte.

3 : :‘Z\
r‘?&'} b
e Al

Fi .— Mal g, 61, — L Fig. 63.—C bitacex
b ﬁﬂla]l.,:ﬁ.m:m Jrlhﬁfﬁlii\-ams;::gfﬁm s {m]::f ;
The Ruliacew, the Madder family {fig. 64), com- -
Erlsi ng besides madder, whose rools furnish a fine red dye:
ence the name of the familv Rubiaces (from ruber, the

Fig. 63. — Umbellifers (Charvil ), Fig. &%, — Rubiacom (Maddar}.

Latin fof red), the &offee plant, cinchona, ipecacuanba, elc.
The Composite (figs. 65, 66, 67), family, in which
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thers are three types. Some, like (he daisy, have a
wreath of half florets avound o dise of Norets § such are
marigolds, sunflowers, Jerusalem artichoke, groundsel,
chamomile, Others have only forets : the thistles are
of this deseription, also burdock and artichoke. Others,
that have only hall Norets, like chicory, lettuce, salsify,
dandelion, ote, : e
The Beraginacee (lig. 68), comprising borage, vipors .
bugloss, heliotrope, and florget-me-not,
The Solanacee (lig. 69), amongst which are placed
potatoes, bitter sweet, heldadonna, henbane, tobacco,
thorn apple.

.

Fig. 85. — Composiiz Fig. &6. — Composite Fig.67.—Compositx
(¢ type Daisy). {3 Lype Artichoka). {3 type Chizory),

The Serophulariacem (fig. 70), the best known of which
are digitalis or fox glove, veronica or speed-well, snap-
dragron, ote, .

The Labiate (fig.71), or mint tribe, that havea square-
shaped stem, comprise mint, sage, thyme, marjoram, :
balm, rosemary, lavender, ete. -

The Euphorbiacee (fig. 72) comprise the euphorbiador-
spurge, eroton, hoxwood, tapioca plynt, dog’s mercury, ele.

The Urticire or nettle tribe ; with the hemp, hop,
fig, nettle, mulberry, elm, etc.

The Amentaces * comprising the oak, chesnut, poplar,
willow, walnut, hazel, birch and beegh, ote. . :

The Conifgré (fig. 73) (cone Jearors, so called on
account of their fruit), the greater number of which do not

. ity l
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lose their leaves all at once, in the autumn, and therefore
meritthe name ofevergreens.  The principal membors ol

; e
e

SRBAT
Al

|
of
e I
&
Fig. 63, — Boraginaces Fig. ¢9. — Solanaces  Fip. 70— Serophularizces
(Barage). {Potatoes). :E'u:-gllwn.

this tribe are the pipe, fir, larch, cedar, juniper, yew and
cypress.

\
Fig. 71. — Lakdalm Fig. f2. — i.Culerhi:m.n Fig. 13. — Coniforz
= {Thyme). {Eupharbia), {Pina),

We now come to Monocotyledons.

When speaking of the A spara i;z'ncﬂ.' {p. 103, &) [ shewed
you that its lower bore six nolches, theré baing a union

-

of six: floral leaves to form it; instead of five, as with the
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majority of other plants which we had considered up to
that time. In faet in most Dicotyledons, the parts of the
flower (sepals, petals and stamens) are in sels of five or
multiples of five, whereas in most monocotyledons they
are in three or mulliples of theee,

The Liliarew (lig. T4) or fily fribe, plants with bg-
bous roots, among which are the tulip, garhe, !j\}'l&.‘hﬁd
onion, shalot, and aloe. .

The [ridacex (fig. 75),iris and Nag, gladielus, salfron.

AR W '1"'1.%5."'!1.
J‘@'&ﬂx- pold

SR
ﬁ* fi .-f-._1E

Y

e
N \ \Q
AR
T\
! 5
!
Fig. 78, — Lilizcez Fig. 5. — lridaces Fig. 76. — Narcissex
{Tualip). {Lris). {Marcissus),

: The Amaryllidea ((g. 76), narcissus, jonquils, snow-
COS.

The Orchidacew (fig. 77), 2 most eurious tribe, whose
flowers have sometimes most [antastic shapes; amongst
these we find orchis and vanilla, -

The Asparagines (fig. 78}, of which we have already
spoken. o X

The Palmem or Palm family, to be found only d&-
warm climates; the dwarf palm, rarely more than three
feet high; the date palm, the cocoa-nut palm, and the

saﬁ_lo tree. i .
he Graminee (fig. 79), comprising the cereals, that’
is to say, wheat, hurﬁ:y, oals, rye, rice, millet, maize;
also the sugar-cane, bamboo, couch grass, darnel grass,
alfa, and the greater number of good.fodder grasses. 1

Theseare among the principal groups.  We shall after- '
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wards, in the course of some botanical pxcursions in the
gountry, learn further details about the form and struc-
ture of these flowers, and in short their peenlinr charac-

8 .
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Fig.77. — Urchidacem  Fig- 78. — Asparaginon Fig. 70, = Gramigss
(Vanilia), {Asparagusj. | W beak),

ters. We must, for the time being, content ourselves
with the foregoing dry nomenclature, which I should

advise you lo copy into your note books.

VI. — Flowerless Plants.

80. There 15 still a great cafégory of vegetable organ-
isms, that we have not as yet‘examined or spakgn about.

All the plants we have passed in review bear flowers,
sometimes reduced, it is true, to stamens and pistils.

Thore nrcaﬂunls, howoever, that have no flowers al all;

- and although they are gerhaps less beautiful, they are by

no means less inleresing.

. 81. Ferns, — The first group of these flowerless
plants of which we will takenoliceare the Ferns. Inour
country fernsarerelatively smallif compared to those found
in warm climates, their stems being [requently several
vards high. No doubt you wonder how it happens, that
ferns, having no flowers, can nevertheless E‘smr seed.
Much niight be satd upon that question, for few subjects
are more curious, or'more interesting. I must, however,
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Next to these are the lichens (fig. 84), of which we have
already spoken (page 83). '
b1 Then come the Mushrooms (lig.85), so varied in shape,
in size; and incolour, Youareaware, Lam sure, thal some
mushrooms are edible, whilst others are terribly dan-
gerous, although in oulward appearance they are both
el alike. L. 1t is then most prudent o trust only to
those cultivated on mushroom beds *,

Truffles are sorts of mushrooms that live under
ground. 2. Some mushroom-like organisms are so vary
small that they cannot be disgerned without the help of
a_microseope”. Such is mould. So also many pests
of our yvineyards and fields : all these mushroois and
weir allies are termed fungi.

3. The Alga (fig. 86) are plants that live in water.
Some are,very curious and very beautiful, especially

mongst those that live in the sea.

Fig. 85. — Mushrooms. Fig. 86. — Ona of the highor Algpz
= [Coralline),

This is all T can tell yow at present of the natural his-
of plants. In our walks we shall frequently find
' opeasion [0 gain new information ; and [ hope to be abla to
show you a great many_ of the plants I have mentioned,
and probably many others Lesides,
Now, before leaving the history of plants, I must tell you

l.L What sort of mushrooms can | 2. What iz moukliness? — 3. What
slone be ealen withool danger®— | are the Algze? "
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{hat there exist most minute beings, so very minule
indeed that it is only with the help of most powerful
microscopes that they can be percgived, yel nolwith-
standing they play in nature a most imporlant part.

You have perhaps heard of dire maladies that kill
thousands of sheep every year, and not sheep only, hut
alss oxen and even men. Many of these are prﬁ{LLiﬁ-‘&l’r~="1
by an extraordinary swarming in the body T little J
creatures called Bacleria, that ook like minute crystal ;
threads (fig. 208, p. 80). 4. The mere prick of a in !
that has been dipped in the blood of an animal :sul}u:'-
ing [rom these J]isecnsns, would be sulficient to cause
death to a man,

9. Putrefaction® also is cansed by the developmomt

* in dead bodies of similar little creatures. 3. Those

tiny beings, and many others akin to them exiél, in a drs
and inert state, in the dust that floats in the air; th
are everywhere Lo be found, 4. and when they fall upon™;
dead animal or vegetable matter, they vegetate and grow
like grains of corn upon arable® land.

SUMMARY. — PranTs.

1. Rifferent poris of a plant (. 8%). — An ordinary lree
is composed of a root, a trunk, or slem, branches, leaves and
flowers.

9. At the axil of each leafl, in the angle that it makes witl he
branch, ¥ou find a bod.

- 3. This bud, in growing, will produce a new branch.

&, Al kranches thus take origin al Uiz axilla of a leaf, and every
leal bears a dud ab ils axilla.

5. Same branches, instead of leagthening oul indefinilely, remain
short, and areterminaled by buds,  Thesze buds sxpand into flowars,
which give hirth to the Iruit,

6. The trunk or stem (. B5)e— The Lrunk of the trees of{ous
country is composed of Uhree parls ¢ in the cenlre is the pltw_,
and white; ronnd the pith is the wood, which is hard; and Tastly, |
surronnding the wood, is the bark, which iz eflen green on he

oulside. .
H F

1. What efect is produced on man do you find these little creatures,
by the prick of a pin dipped in the | and many others akin Lo them? —
bjood of an enimal afflicted with | & What is the cause of thefr de-
such a disease? o— 3 From whal cause velopiment 7 3

i» patrefasiion prodiesd T —3. Where L) L
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7. The pill does not scoupy more space in an ofd tree than in a
voung ong; in oller words, the pith does not angment as tha tree
“uh grows older
8. The 'lumL of an old tree cul across presenta a greal nnmber
of eireles flilling inlo cach other.
9. Eacli of these civeles corvedponds to one period in the growih
of)he Lree. .

T, As the tree grow more rapidly when it was young, the cirelos
near e conbre of the ston are very distinel from cach other; they
becoms less amd less so, as they get aearer Uhe bark.

11, As o the womd, wi can distinguish the core in the centre,
which is harder, because il is older, and becavse in lhe course of
lime a =olid maller has Dieen defosited there, and the sop-tomed
[placed Between the core and the bark), which is golter.

12. The trunks ol our trees taper gradually lowards the Lop, and
|erminate in a point : they nre eonical.

13, The hranches {11 #7). — Sleme give origin to branches in
a great variely of ways, Sometimes ey send ool horizonlal
branches, as in Uhe fiv; somelimes they branch out in all directions,
az in the plum=tres.

14, ‘The lenves (. 88). — Leaves are u:'nmpuml of a #alk or
petiole, somelimes wanting, and a green parl or lamina

15, This laminn is somelimes simple, as in the leal of the apple
tree; somelimes divided, as in Uhal of the Lullercup, 1t is still
further divided in the leal of the acacia.

16. The Flowers (p. 8). — The Nower is composed of sepals,

called the calyms.

7. Next inlernal Lo these come larger leaves, generally coloured,
which furm the corolla; they are called petals.

18. In the centre of the Nower you can see little thread-like stalks,
al the cads of which there are yellow masses : Lhese filtle slalks are
the stemens, and the colour is pruducod by o very fine kind of dust
called pollen. D

18, (uile in the centee of the flower there are one or more balls
surmounted by fine gtalks. Thiz ball is the ovary, the stalksare the
styles. and commlele, ovary and styles, is called Lhe pistil.

20. The Frult (p. 90). — I is the ovary which in course of
ime becomes ke frait, -
1. In the ovary thera are little while masses called ovules : these
« ovules will become the pips or grains thal You see in Uhe froil.
23. Seeds (p. 03).— Il vou axamine o seed, a bean, for example,
« or the kerpel of an almonfl, you (nd twe bodies ealled eotyledons,
23, Between the lwo colyledons you ean see a plant in miniature,
in which you can distinguish a small root (radicle), a lillle stem
wilh a tiny bud at the summit, plamule.
24. As for the colyledons they are the twe frst leaves.
25. Incomplete Flogvers (p. 91). — The inmorlant parts of

generally resembling litlle green leaves, the aggregale of which is®
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the flower, are the stamens and he ovaries, or rather the pallen
dust and the ovales.

26. When e stamens of o Nower are remaved, the development
of the ovary i3 completely clicckad, and the fedit does not fnof.

27, Cerlain |l]-CIII|$ bear two kinds of flowers = the one possEasing
stamens, and the olher the pistils (ovaries amd styles).

IEE Sometimes e two Kinds of fowers ace borme on diffesent
frlamts. =

29, Structure of the pnlm-tree (. 9%). — The Lrunk n]’tlm
palm-res is everywhere of Uie snme size s il is eylindrical, and nol
“ondea .

30. The trunk of a young palm-tree is ag thick as that of an old
one 1 il lengthens, but does no® thicken,

3L, In Whese trees Lhere i only ono bud. It is al the top of Lhe
tree, ab which point the plant grows,  There are no buds on the sides
censequently no branches, bul simply a large tall of long leaves,
till and hard, placed at the top of the tree.

. 3d. There is ne pith in the trunk, and no circles ofevood fittin
into each other, and no bark.

33. Instead of all Wis, a soft mass in which may be seen har
black fibres, which fibres eriginate in the feaves, amd penctrate into
the interior of the trunk, and then thread their way back to the
gurface again.

34. The geed of the palm-tree has bot one cotyledon. This is 1he
ease wilh all plants of similar struclure.

35, BDicotyledonous and monocoiyledonons plants
(p. 87). — Plants have been divided inlo lwo classes, Monocotyle-
donous plants, baving only one colylodon; and Dicotyledenous,
having lwo.

36. In each of these classes Lhere are trees, shrubs, and grasses,

37. Eluration of plant life (p. ). — Some plants shoot in
epring, lower in SUEINE, :uld perish in winter; soch plants are
called annuals,

38. Dhers give leaves the first year, Nowers and froit the second.
and then die s these ara bionnials.

38, Others flower and give froil several saccessive years @ these
are perennials, True perennial plants are gegerally shrubs and
trecs.

40. Lastly, there are plants perennml in the root only, and anm
in the stem @ such is the dahlia,

H. Classifiention of plants (p. 03} — Plant famalies
have been established Ly grouping together under the same name
all those whose flowers bear a grealeesemblance lo each olbcr,
We have thus the families of the legueminosa, the rdsoeer, and |
the primulaces.

42. Plants without fowers (p. 1115 — Plants exist having
no Oowers at all. Such are ferns, whosg seeds are borne on lhe
leaves, mosseq {i¢hens, fungi, and nfgi',t.

—
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. SUBJECTS FOR COMPOSITION-

1" eomposit
occupics in the
i= implied by 1k
2 compaosition

n (. 85), — The slem. — The pith; the place it
of young reed, in thoze of old trees, — What
[ wionl, — Lora and sap-wood.

88). = Leaves, — What s seen at the

T L Teaves, — Simple leaves, complex leaves,
" eomposition (p. 55). — Flowers, — The dilferent parts of a
Dower. — Wh 4 Ll ovary becotie |
A% eowm pos m [pu:95). —alm lreeg. — Their tronk. — Their

; "

3% eomposition (p. 97). — Duration of plant life.

6 eompositien (p. 10]1). — Whal may be seen in a bean
-

L |
.
L
. 2 £




[II — STONES AND SOILS.

| — STONES.

65, Now that we have @equired some knowledge of
animals and plants, we must set to work and learn
something of the ground or soil on which we tread, and
of the stones, or more properly speaking, the minerals
of which it is formed You \\'ih see that here also there
is much interesting knowledge to be acquired

04, Different consiiinents of the soil. .
course you all Enow that soil is composed of many difle-
rent constituents. 4. You are able lam sure to recognise
arable” land, that iz, earth, which is tilled, and in which
seeds are sown and plants cultivated ; also stones, dis-
persed all through the sext, rew 1o small lragments, again
in great masses called rocks; and sand, in reality com-
posed of very small stones; again clay, a sort of earth
eazily wrought, kneaded ® and moulded *, which retains
waler in its hallows, being what iz called impermeable;
and which when baked, becomes hard, so that from an-
ciént limus'yntii now, dishes and all sorts of
pottery havE been made with it. Lastly, all
of you have nb doubt seen or heard of pretty,
regularly shaped stones, having what are
called aiegles, edges, faces; which stones are
called erystals {lig. 1. iy

As we know whap a elassilication is, we ca
see thatthisis plready a pretty good beginning.  Unly w
have learned nol to depend on outward appearance alofe..
Let us then sel to work, and look closely and atlentively

at all these things. .

4

B, Aetion of Acids upon stones. — Here i3
a bit of chalk that [ plunge into a glass of strong
vinegar (fig. 2). 2. T¥ny bubbles of ar (gas is a more

1, What are !'L-a diverse copsti= 'I p-eus‘nrl'.en 2 prece of ehalk is pul
puents af the soil ? = 2, What hap- inte strong vinegar?

"
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appropriate word |, immediately come from the stone and
rise {o the surface of the liguid, which thus secms o
boil. Now that 1 have stirred the contents of (he glass
with a bit of stick, you ean soe that the chalk has
altogether disappeared: it is dissolved jnst as a bit of
sigar would lave been.  We shall find the explanation
g1 anothor lesson, when we come 1o siudy che-
ryiwe have verilied the fact, and that will do for to-day.
1. | will now put into the vinegar a bif of slone simi-
lar to that with which the school-house is built; hard
as this stone is, italso gives went to gas and dizssolves
as the soft chalk did. Marble \E'Dll?{t bie acted upon
jugl in the same manner,

ﬁ. Now if I putalump ofclay (lig. 3) into the vinegar,
he result will be altogether dillerent; scarcely any gas

o

Il be sef at JiLlcrl:P', the elay will =

T E TR

aa-itsell out at the boltom of the W ¢ | |
vessel, and will remain there perfectly I:.’:%-_:_-_, Vi
mtact. : = b ‘c}"
3. Here is, this ime, a bit of flint, wfn ===
and a pebble [ found in the bed of A N

the river, which the water had washed Tihf_,,',.;';on br’_;:.'fa_.‘;n
down [rom some mountain rock, also  steses In A, the
amarble in agate : upon these the vi- L.I,',:',:I;a;lf_"‘i‘;f"ﬁl e
negar has no effect at all, no move, peee ol Riot re-
indeed, than pure waler would have. " 1M

We will now repeat the experiment with a very strong
acid that burns and destroys egeryihing, sulphuric
acid, which chemists sell under the name of oil of vitriol.

4. With great care, [ ke a drop ol it on theemd of
a glass rod, and let it fall upon llllc chalk. See, such
a discharge of gas, or efferveseence as chemists say.

5. Another ffrnp upon this bit of marble, so beauti-
fully polished and seemingly so hard : the effect is the
sage.  This should teach you, in passing, never to leave
uppn Tharble an orange or a bil nr apple nor any other
ngd ‘;hiug, else the marble would be very rapidly cor-
rodled. .

L. Under the same circumstances | — A marble of agale? — & If
what .would flake place to o small | fostead of vimegar very stromg sul-
piece ol slone msed Tor bailding ? | phuorie acid wero empployed what effect
Marble? — 2. Plece of elav 7 would it have upon the%hbalk ¥ 5. And
3. A bitel Oigt? — A small pebbile? | on the markle?
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1. Buf upon clay, on flint, on the pebble, or the
agate, the sufpluric acid has not the stightest effect; |
the drops we let fall upon them remuin quite stitl, and
occaston no effervescence,

2.. There exist then two kinds of slones ; 1 (hose
that dissolve in aclds,"giving vent to gas; 2 those Hal
are nol affected by acids.

44, Calearcous and silicions stones. —
Challe, lime-stone, and marble, are called calea-
reous stones. 4. When submitted to a very high
emperature in kilns eonstructed for the purpose (fig. 4),
they become lime {in Latin calx, whence their name).
Besides, whalever be thgr
consislency they are never so
hard as sleel, nor cven as
iron. 5. Therefofe a fnif
or even a nail can abitre
ke an tncision.  §. On the
contrary, [lin* and all stones
akin to it, agates, elc., con-
tatn ne lone and undergo no
alteration by fire. 7. More-
over they are so0 cxtremely
hard that the point of a knife
&% has no clfect upon the, whilst
they on the conlrary, il thoey
have a sharp cdge, can cut
marks even upon  steel.

8. And also if they are struck
violemtl§ anil Silﬂl'F‘lj' u:L{{iiﬂSE a bit of steel, on the back
uf a knife for example, a fragment of steel is deta hed,
which ignites undor the forec of the blgw; this heated
fragment is called a spark. Long ago, and yel not
so very long ego, this propers was applied to kindling
fire {fig. 5); striking fire, as people used to say. — Io5¢

Fig. & — Lima kilu, When eal-
rareots slones are sulmitlod Lo
a wvary bigh h:'mper.:ll:he 1I-.n;r
are transformed inlo e, =

1. On clay? co & piece of fint? | Tormed, when submilled o a preal

oo peblle 7 — 2. Wiat classif
ration can bLe estublished from ke
preceding erperiments? — 3. What
pame is given lo stumes thal dissclve
1 acids, suck as cha)l, common boild-
1ng stone, and#narkle? — 4. lato
wha! are calearecus slooes frans-

beal? — 5. What otbar peculisrilics
do Uhees stones possess T — B, What”
lecomes of such stones as Nint when
eaposed o the nclion of fref —
9. Ueder the action of the poink-of &
knife? — B What happens whes
they are struck agains® sleel?
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this purpose tinder® was prepared, so as to caleh the

l spark resulting from the blow, The tinder took fire as

*  soon asthespark fell upon it.  The same principle was
also applied to guns [f

ig. 61, the spark in like manner

%i
. o

Fig. 8. — Lock of a gun
It iz the spark wlich in=
Hames Lhe powder,

sefting fire o the gunpowder. 1. Al these extremely
kard stones are silex, or rather silicious stones.
There exist a good many of them, and some are very
beautiful, rare and precious.  Wa shall alterwards have
occasion to speak about them.

2. Sandstone, which is merely grains of sand stuck
together or agglomerated is sometimes shghily caflca-
reous, sometimes entively silicious. This last variety,
on account of its hardness, which allows even steel Lo J:.:e
acled on, 13 used to make whelstones.

3. The stones projected by voleanic eruption are si-
lictous. .

47, Plaster, slate, clay®* — Here 15 a kind of .
stone, which, although not very common, is very useful
indeed. See how soll and yielding itis. I can scralch
marks on it with my lnger nail. 4. Yet a drop of acid
has no effect®upon it. 5. If exposed to a strong heal
(lig. 7}, it is reduced o a line white powder, which
_ you all recognise immediately; it is plaster.

2 6. The stone is called Gypsum. Great quarries of it
exist near Paris; and for this reason the plasterit affords
. 15 sometjmes called phaster of Paris.

I

f
1. By whsl pame are thess hard eiffeel  have ochils ob  plaster ¥ — IJ

stoped kpown 7 — 2. Does the divi- B. What is the arl'on of fre oo Lhis

sioa adopted-lor slopes apgy psuaily | malerial P — 6. Wial name is giveo '

Lo s3ndsione ¥ — 3. Whal Jjs tha to plaster? = -

mature of veleamic lava ¥ — & What ﬁ

. -_ i
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{. The bit [ she ved you is a framment of a statuctle
1 bought some yewrs ago al a fir. 1t eame [rom aly,
where great numbers of similar statpeties are ronghly
eut out of a very while sort
of gypsuw, called alabaster
sy Alig.8)ilvom the Lalin albps,
; while),

2, Slate ia (fig. 9) W

¥

Fip. 7. — An aven fo Flg. 8. —Satoetie Fig. o, — Man
plaster. — Gypre b in alabaster. — wocking  at
8 great beal bocoimes |-I.|-I-r. White Eypsum slate,

of ltaly.

known to everybody; its hardness is about equal to
that of ealcareous stones, that is Lo say, incisions can bLe
made in it with a knife. The inger nail cannot mark
it, and acids have no cffect upon it

3. Clay is, ns everybody konows, =olt and easily mani-
pulated, yet acids have no effect upon it

4. Limestone, sandstone, gypsum, slate, clay, are
the mogt arseful stones, o at least the most useful for
i o fenowr about,

48, Stony mixtures. — You must not however
believe that these rocka are always phire in their

other. 5. On the contrary, ealearcous rocks gene-
rally contain some clay, whilst clay contains more or
less calearcous matter. 6. For instance, there is a
well-kuown rock called marl (fig. 10), which is com- .

cmﬁljl}silin:l, or thial rlmy ﬂl‘c'd'l.*-liu:'.l One f|'1:|1|| :m-}

1. What aame i given Lo a very &, Wame the prineipal kinds of slones
white sort of gyvpuim that is found = B. Are caleareoss ropks and g,|;1.
fn laly? — 2. What is to be said | alway®¥pore T — 6. What is mar{?
abool slale? = 1. Aboul clay T=— &
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posed of caleaveous mwaller mixed with a strong pro-

d ortion of elay; it is in faet for this reason that Trosl
3 reaks il up so
casily, and al-

lows the rain

to, dilute and 3
T—mix it with the
. apil. 0
. Whit I8 [0 ot -
known l-:.' the ek W e . .
name of vege- | & P

table mould,
or arable sail,
Mz only a mix-
fureoldiforent
kinds of*slones
reduced to fine powder, and mingled with animal and
vegelable matter. Sce here 15 some garden mould
gquite freed from stones. Let us wash it carefully Ly
.el]aitlciu:_: it gently under the lap of AR

Fig. 10, == The mard that is spread en 15 & calea- =
reous rock, wised will a strong projort

the water-cask (lig. 11). The waler - f 4
that runs off is muddy and dicty; it i %}
earries alomg with il a quantity of =~ %
blackish moatter. Atlast, by dint of {7
shaking , nothing remains but some P

very fine and tolerably elean sand in
the boliom of the glass. We will now
add a little sulphuric acid. Imme-
diately eflervescence” ensues, afhl this
indicates the presenee of caltareous
matier. Everything has settled down g * 0y,
again, and you sec there still remains — meuld, or-arsble soil,
e e = 5 18 a waklurs of eales-
]]'t_ |.].IE- I_I&f\'H i Fﬂ:’hlr d:}ﬂ'i‘ {'lf Sﬁﬂ.d L reod powder,  graing
this we can allirm gs Elirll]lf'r}ull of silex, elay dusl,
E.'&litu‘-li‘.'i:l_'.' ol yr-ﬁﬂz: Al silien snd r:ljl:-:?lllﬂ el vepetable
el )
89, Ceystalline Rocks. — 2. Minerals, as I have
alread v, told you, oftet assume the form of what are called
crystals. 3. There are. for example, ealcareous crystals

1. What iz the cosmoeition of — 3. Does Ahe division aifopled for
F srable or vegelalile sofl T — & Under stones apply almo to eryslals 7
. whal form are minerals often found 7
: Ll
w
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and silicivus ones. Gypswin, a greal mino of which ‘

Fig. 12, Fig. 13, — Calesrecus  dinmonds. Thoze diamonds

Crystal of
Gy paum,

terior of a large hollow stone.  Great was his griel when

Fig. 14.—Mar-
bl stalsary,
— Statoe of

Drenis Papin.

assemblage of tiny crystals closely interlaced.

b T

ey
7
G
Fig. 16.— Dia-
mopds  arti=
ficially eul.
[hMamends are

ore eryslal-
ised earbon,

-

exisls near Lerby, is olten
found crystallised in aspear- .
headshape(fig.12). 1.Crys-
tals of earbonate of lime (Lg.
’ 13), are of no value. One

=% day,a poor peasant came, il- =
most mad with joy, tolell me
Lie had discovered a mine of

eryilals, , were simply some calcarcous
ceystals that lined the in-

I told him what his treasure
really was, norcould he believe
me until [ showed kim thal
my knile, with case, eul marks
upon them, E
2, One of the most inte-
resling  amongst crystalline
caleareous rocks is the white
and beauliful statuary mar-
- ble (fig. 14). A broken frag-
Fig-15.—Ever- manl of Llns marble looks

mous rock erys- . . -

tal in the Jar- quite like a bit of lump su-
Gl it ger s in faet, like lump su-
: gar, il 1s composed of an

3. Silictous crystals are mueh prized on
account of their greal hardness, which allows
them to cut 1u:11'i5 upon glass, while it pre-
vents them from being dulled like calearcous
cryslals, .

4. One of the most common is guartz ’
or rock crystal (g 15), often found in 1\ .
erystals as large as 2 man’s head. “'_"M '

Others, rarer, of more brilliant aspeet,and * .
glill harder than quartz, are found only i :

yo 10
small erystals, and are eagerly and cm-l:ilull:,r

sought out» and eut with facets to adorn jewellery.

1, What Is the valus of erystals of | —3. Why are silicious eryalals more’
earbosate of lime¥ =<2, MName an | ssughtT™ef than ealearscizs erystals? -
interesting calearesu® erystaliine rock. | —&. NaMaea coinmon silicious eryatal
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i. They are called precious stones: rubies (red),
sapphires (blue), emeralds (green), topazes (yellow),
amethysts (violed),

Before passing on to more useful matters, I must tell
you something about diamonds (fig, 16).

o The dinmond is the most beautiful of all erystals, the
-most brilliant and the hardest; it can cut rlass or en-
grave upon all other crystals.  Being the most precious,
it is of course also the mostcxpensive ; a diamond of tha
weight of 15 grains is worth at least £ 250. 2. And yel

= —— T =

Fig. 17.— Salt Marah, whers salt is cbtained by the evaperatien of sea water

it i3 mot a stone; it in nowise partakes of the chemi-
cal nature of other minerals. 3. It is pure crystallised
carbon. This is a mst astonishing and almost in-

. credible fact, on which we shall acquire some farther in-

formation in our lessons on chemistry.

4. For the time being, keep in mind this one fact :
a diamond can be blrnt just like coal, only it requires
a stronger heat,

ar siliciousT — 3, What is the dia-
mend P — & llag do you prove thal
the diamond is earbon ?

1. Mention soms silicicegarystals
that are much sought after fog jewel-
iery. — 1. 15 Lhe diamnnd caleareons
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1. All the above mentioned erystals are very Leautiful
indeed, but of little real use. Others on the contrary
are of very great utility ; such as Salt, for instance, our =i
commaon lkitchen salt, ;

2. A great quanlity of the salt we use is obtained by

- the evaporation of sea

= water, in salt marshes—""
(Ag. 17]. 5. But this is -
nol the only way in which
this indispensable article
is procurcd. lmmense
crystallized masses of it
are found in the earth
(fig. 18)7 it then lakes thé®
nayme ol rock salt.

Thereare minegs of rock
salt in England and an_
France, but the most important salt mine in the world is
that of Wieliczka * in Poland ; in this mine, 600 feet un-
derground, miles of galleries® have been made : this
will give you someidea of its extent and importance.

90, 3. Crystalline Rocks., — Crystals are nol

: e alwaysisolated. They are some-
P times agglomerated 1n masses
poa ',:{f* considerable enough o form
A E;"_‘N‘:r;'ﬁ;m stones and even rocks,

LhAEGYS 4, Granmite (lig. 19 is formed

) Y 7

go= 10 this manner. All of you,
["am sure; have scen granite,
Fig. 19, — Grauent of granite [ 18 composed of three sorls of
3 misire of quarts, felspsr, oryslals interwoven as it were
; logether : namely quartz, of

which we have already spoken, felspar® and mica.

5. Mica also is something wath which most of you /_\’_

Fig. 18, — Mines of rock-salt,

are familiar. In some conntries the sea washes it ashore
in such quantities that it is gathered and sold for next
to nothing under the name of gold powder, which is
used to dry up ink instead of blottind paper.  Bea, [have -

1, Name 2 crystal less handsome | in se3 water? — 4, Name the three
than 1he preceding omes, bul mars | knds pRerestals that grahite i com- 4
uisfal. — 2. From what is sall | poeed o, — 5 Whereis mica fonnd
certracled? — 3. L4 salt fosed only | What is dene with it?
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some here; it looks like a great many thin and brilliani
spangles of gold. Somelimes this same substance i3
found in sheels large and transparent enough to be nsed,
in cortain countries, as window panes.

The felspar (fig. 20| is less spoken about. It is nol-
wighstanding of no small importence. .Oflen under certain
wtmospleric influences, as yel insulliciently determined,
it decomposes and crumbles into dust. 1. 'This dust,
carried away and washed by the rain, becomes what is
called Kaolin, 2. lrom whieh porcelain is manufactured.

.
|
(-4
b
% A
_— ; :
Fig: 20, — Fragient of falepar, which, Fig.21, — Fragmenl
under eerlain influences, becomes kaolin, of Liasalt,

of which poreelain s mude,

There cxist a great number of rocks, more or less
akin to granite. 3. Those best known amongst themn
are the porphyries, composed of the ul?'smls of [el-
spar, set in a line paste of felspar, ke almonds
in an almond cake; and basalts (lig. 21), of voleanic
arigin.

We have now passed in review the principal rocks
and stones, hard, soft, erystalline or otherwise. Dul we
canuot leave the history of titngs found in the crost.
of the earth withoul saving & word about metals and
coal,

91. Metals and coal. — 4. Metals are generally
found under® the form of ore, thal is lo say Il]itlg]ﬁgl
with other bodies, Alghough sometimes found on the
surface of the gronnd, they are generally more or less
deeply buried, necessitating the hollowing out of munes®
for their discavery and extraction. 5, The ore exists in
the earth sometimes %n pretty large masses, sometimes

. L What Leccmes of felspar when | came Iwo okin 1o graoile. =
desamposed, and r.§-|m:|n1‘I 1o dust ¥ & Where are metals found, and in
— 9. What is made of Moln. — | whal rondition? — 6 What do
3. Amungst the best kecwf rocks | they form in the®earth

.
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in veins (g 22}, which the miner must carefully follow
up, as one would follow the ijii’lﬁ. of a stove in order lo
remove the soot. ;

It h:tp}:uus al limus, that rocks Mlllﬂ.in'lllg areerumble
to picces from the effects of frost and rain, anmd then

- Fig. 22, — A section showing a ma- Fig. 20. — A fragm®nt ol ccal
Lullis vefo in the earth worked by Eearmq ths impression of &
teans of mines. lern feal -

are roiled away and broken up by torrents and rivers
The metal, being heavy, falls to the boltom in deep
pools and quiet nooks. This is why gold is often

e A y lound in the former
. e S SR e

beds*, as well as in
the actpal channels,
ol cerlain rivers,

i. Coal is the re-
sidue of immense
forests buried in the
earth during a pro-
digious number of
years. Those forests
were composced most-
Iy of edormous ferns
{fig. 23) and trees somewhat nlr(}n to our firs. In order
to procure the coal out of the depihs of the earth you 4=
know that great pits called mines are dug, and subter- .-
rancan galleries are made (fig. 24).

2. The turf or peat in formatiort at the present day 1s -
very young coal not yet buried. The plants of which
it is composed are still recognisable.

G =

R R L

Fig. 25, — Interior of a eoal mine,

1. Whst Is seal 7 — 3. What | tarf?
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You must not fancy that colcareous stones, cluys,

slgtes, silicious stones, are mingled together in a he-

rogeneous fashion in order to form the soil on which

. we tread. No, you alrcady know that this is not the
case.

And before proceeding further, 1 must acquaint you
with the fact that the term rack is applied by mineralo-
gists, not only o the stony matter familiarly called rock,
but also to all the massive mineral subslances which
Sompose the erust
of the carth, bethey
as solt ad clay, as

~Iriable s chalk, or
a® hard as fint.

92, In one of
our reccnt walks,
we went (o visit the
quarry on the hill
side. Youmay re-
member 1 pointed
out to you lElm low-
est part of the ex-
cavation, A (lig. 25), formed of caleareous stone, com-
monly called limestone, with which the village is buill.
Above these we saw B, a layerol clay which supplics
material for (he tile works of Henry's father. And
lastly, upon the top, a layer G, of sand, bestrewn with
pebbles like those you lind in the river al the loot of
the hill. ' s

; i. The neighbouring hill is composed of three super-

~4_ posed layers : namely calcareous rock, argillaceous
* rock, and sandy soil.

95, Beds or layers. As we made a pretty long visil

. to the eglearcous or timestone quarry, I drew your at-

- tention tothe fact that the docks of stone were disposed

with perfect veqularity, one upon anollier, just as if

Fig. 25, — An opon queery. — A, calearenos slone
B, elayoy earth. — C, sandy sodl.

1. What ndmeis given tosll iye diferent kinds of magsave mineral subslance
thit form Lke erast of i sarl -
: : B
% i
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some giant had carefully piled them up. 1. From place l
o place, 1 showed you horizontal bands separating L
layers of stone, slightly diflering [rom one another in .

colour and consistency. In other words, 1 made you
observe that the quarry was formed of several regu-
larly .ui:!:ur?h;:lﬁq'r.l’ sirata.

In elimbing the steep read cut on the slope of the—e"
hill, we passed by the precise spol where the caleadous
strata [imshed off and t]]m layer of clay began. There
also we sap, that the line of separation was as straigld
and level as those which :.Ji'.'i\_fetl the different strata in
the stone-quarry.

Now what do you think could have brought such an ag-
glomeration of stones there, and how does it happem
* that they are so neatly and so regularly arranged ?

04, Marine organisms in the ground. —
The question certainly appears a very difficult one, DBut
here 13 something that will help us to find an answer.

9. The owner of the quarry,

N Alr. Jones, gave us some fossilized

o ; _ shells, and James, who went elimb-

WL (ng about everywhere, found here

and there great numbers of them :

those are shells changed inlo
slore.

Let us examine these shells
{lig. 26). Ataglanee we can detect
their resemblance to common oys-
tets. And oysters, as you well
know, live in sea water, 3. Hence
the conclusion that the sca once
lay above our quarry, and that these oysters lived
in it, as those of our days live on the rotks under the
waves: that after the deaih of Jiese oysters, slimy mud
and sand of a calcarcous nature were deposited on their \
shells. 4. That after all this, a time came when th(.)‘ﬁ
sea disappeared, when the mud, sand, and shells stuck
together in the process of drying, and forqed thus.
the caleareons slone we have now before us. Things

Fig. 26. o= Foasil oyslers,

1. Are the different kicds of stone | sepce of lhese shelis, chamged inla
in & guorrs all mingled logether? | slong, preve? — & Wilal become of
= 7. What are often [found in Lhe Ygod, sand, and slomes when con-
quarriea? — 3. What does the pre- | solidaled In 2 mass?
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cannot be explained otherwise. Moreover it has been

, proved that ﬂlm like is now going on in several places on
o the sea-shore. |

45, Apparent movemenis of the seng

movements of the ground. — Dul, you may ask,

how can it be that the sea, which is lar off at the

—=prisent day, should bave al one time covered with its
- waves a great part of our Lill, and rizen 350 [eet at
least above ils present level? And again, if it onee was
there, how is il that it has so completely disappeared?

There are only two ways of explaining this.

The frst would be to su J]b'u:u: that there was at one

time much more water in lllm gea than there is now, as
i# level was 350 feet higher than at present.  And yet
that would not sullice, for marine shells are found in
the Alpss and Pyrences” at more than 5000 feet above
the level of the =ea.
And again if this were the ease, what could have
become of sueh an immense quantily of water? Evapo-
rated into the air? Butl the firmament would oot sullice
1o hold so many clonds. Could it have sunk into the
earth 7 We shall afterwards see that it is far oo warm
[or water lo remain there. This canwot then be the
real solution.

1. The second explanation would lead us to suppose,
that it is the bottom o/ the sea that las been heaved
up so as to emerge out of the water, which laiter has
changed place without diminishing in quantity.

Which of the two explanatioss do you prefer, Paul?

[ cannot see how it could do either. The earth is so
solid ! Dapa, who has been on the sca, says that the
water is constantly in motion ; whilst on dry land, every-
thing iz quite stll and steady. Well, my child, let me
tell you, that the dry laftd is not so still nor so steady as
N\you fancy. True, its movement is so slow that we do
*not feelit. 2. But it rises here and falls there, and in
_ some places il rises gr falls alternately.

Obvidus proofs of this exist at the seaside in various

l places. At Pozenoli {fig. 27) in [taly, the Romans built
"1 Mow do gon explain the ae- | luvel of the sea? — 2. I8 Lhig
currence of marine sheflls o ihe I ground on which we walk immaoy-
present day comsiderably abode the | zble? -

Sir, I see that the first will not do. And for the second, ~

ammm
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a h*mrlﬁ on the sea shore. ‘The ground having subse-

v sunk, the sea invaded
Lo &
row

fu el

&lm

and

Fig. 27, = Temple at Pezzuol in

becoming shallower. La
marks made on the Swedish

the ll.‘lllllll: long enough

How marine shells to bir-
ikt

into the columns some

vards above tha pavement.
Sinee then the ground has
again risen, and at the prefent——
day the traces of the marine
shells are al & considerable
height above the water. Tha

4 J:]l.ﬂluim:.uﬂn 18 l-'l]{il'l_','."

place slowly in our days on
several coasls. 4. The coast
ol Norway, for inslance, =5
sinking gradually, whilst that
of Sweden is cmerging more

more, and the Ballic

[taly. = I, narine boring shetls Ccoast by the eelebrated natu-

Lhig -fe[.-la bBelow  the

aling thal the earth had once I'CI“S!- L]nl’!{ulilﬁ' al ”H! hﬂgm
ning of the eighteenth centu-

ry, show that this upheaving
raises the coast about four feet im the course of a
century. ‘There is nothing surprising then in the fact
that the bottom of the sea should have rizen here to
the height of 350 feat above ist actual level. 2. Many

cenluries have

G o

A ™ -~

L L
Fig. 28. — The sez eovering the country
o B,

the present day that the second

| prssed awny since
| that ime! But eer-
turics, that to us
soem so long, are
bute moments,
when com 'h'“'{‘-d Lo
the prodigious

m'imimfthcjmsl £
from A ° In shorl, sclence’

« makes us sure al
explanation is’the true

one. The sea came this far formerly, covering all the

1. Name & modern sxampla of the ehan
1. Do thess chaofes take place quickly o

gls "the positionof led. —
rﬁln#lﬁ .

A
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surrounding country from A to B(fig. 28), and deposil-
g regularly and

" slowly itsmaterial

held in suspen-

sionanditzshells,

Afterwards  the Ay Dl
< : Sl 35 - i
T =hottom of the sen 4 = U
5 wastipheaved, and =)

A'B lig. 29} with
all its land se-
dimentz  became 2
dry land, Do you understand now, Master Paul ?

V6. Differences belween the superposed
Seata, — Yes, Sir, I do. Dut why is it that the
limestone beds are not alike from top to bottom ol
the gquarey, and that there are, as you told us, seve-
ral strata? 1. It is very probable, my child, that
dlring this wprising of the bottem of the sea, the
rivers and curcents did nol always biing along with
them the same kind of wmatler, and did not deposit
their sediments in the same place, For we can our-
selves oliserve similar, though smaller changes, the
waves depositing alternately on the same part of the sea-

shore fine sand or large pebbles.

97. Fossils. — More than this. 2. During the
immense lengih of time ihat this upheaving eon-
finued, even lhe nalure
of animals has changed.
In the same place, bul at
a dilferent hieight, the spe-
cies, or rather their re-
mains, are not alike. In
our quarry wetind oot only

. oysters  but also magy
other kinds of marine

-mollusean shells (fig. 30}

Now in the upper strala these fossils, as they
+iu‘ﬁ called, differ nctably from those found in the
- loWar.

Fig. 29, — Then e bottom of Lise sea rose Lo AR

Fig, 300 — A few lussils;

1 Why is it tkat en the lime- | enormonsdurationoftive roquired for
stone Lhers are placed -.‘Iiil_q't‘:ll. BlE- Lhiese u||||n-ra.|:_ = 3. Whal pameis
resite s!;au_? — 2 What gher given lo Lhe pelrifed remaing of ani=-
plienemencn is prodeced duricg the | mals doring Lhese different perioda T

\
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0%, Meal divisions of sivatilied Rocks,
1. We must then divide such rocks not only accord-
ing to the nature of their component slones, bt .
alzo, amd especially, according o the nalure of the
fossils found in them. For al geaside pluces, al no
great distance from each other, sometimes clayey sub-
stances are to be met with, somelimes caleareéous de- =
posits.  Ounly the inhabitants Licing the same, the shells -
are 8o dlso, and would form the samo kinds of {ossils.
Thus on the opposite side of the valley *, there is sand
containing fossils exactly the same as those found in the
upper strata of our quarty. We may hence conclude
that they have been deposiled there at the same period
senerally speaking as those we found in the slone-quarrs.

39, Chnses of the movementisof the gronnd.
— And now, Master Paul, does this satisfy, youd . Ts
there anything else that puzzles you? Yes, Sir, Lhbhg
Ah! What now? Well, 8ir, I should like to know
can move and heave up the earth so? It must be very
heavy, and require pro-
digious strength | —Ah!
this is really dillicult Lo
answer.  And the most
learned know Lut litle
on the subject, and have
heen reduced to make
5“21‘!03“101‘!3,

. It 18 more fhan
probable that the cause
. which thus gently and
slowly® upheaves the crust of the earth, is the same
as that which occasions [rom lime lo fime earth-
quakes ifig. 31) in some parls of thé world. e-
cently, in 1881, one of these terrible commotions de-
stroyed the town of Chio®, and® killed housands of ils
inhabitants. The poor dry land, in such ci rcumstunces,t‘\"_
i= about as much in motion as the heaving seas. -

3. Farthquakes are especiglly common in the
vicinity of voleanoes. In South and Central America,*
for instance, or again in Asia Minor, and the south of ~

Fig- 3. — E‘.arl.uqu:'.:.

L. How must rocks Lhen be class- | &0 slowly? — 3. Whal countnes an
fied? = 2, What+ s the ranse m“!l».i’[m!'j to earibifjuakes?
hat makes the eirth rise and sink
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. Burope. The neighbouring voleano generally breaks

out into eruplion simultancously with an ecarthquake
\fig. 32). .

You have all scen a kettlo lid jump up and down when
the water boils too quickly.  Well, it seems as if
the u::n'l]u[luukc

';"H.]l:"'
of the lid, and
the eruption of
the voleano the
eacaping of the
sleam,earrying
with it what
henpens to be
inside. Only
it ison a lgreer
geale! 4. And

“tlien it 15 mol
a little boiling
waler that s
expelled, bul
mrense stones
that are projected, and epormous volumes of steam
and lava, melted by the great heat of the voleano, The
liva streams flow slowly over the ground, covering up
and destroying everything they meet.

Some voleanoes now exlinet, vomited lavas, different
from those thrown up by voleanoes actually in activity,
Those lavas are E:Ll]ltd basalts. and  trachytes. The
different kinds of porplupries have also been brought up
out of the very !mwerﬂ of the earth, and more ar less
gpread oul on the surface.

100, Ipnepus and Agqueous Rocks, — 2. In
short, you see, my children, from what I have just
been telling you that tMere are two sorts of rocks

Rucks or soils formed by waler, or Rocks of
‘aqueous origin (from the Lalin agua, water); 2. Rocks
formed by maller brpught to a stale of fusion, by a

Fig. 32. — Yuleanie mountain |Vesuviusp in erupliva

 ‘very high lemperature, or rocks of igneous origin

[Latin : ignis, lirel.

1. What phitoemencn sceoppanics I 2. What arq the iwo principal
earihquaksy® =T elasies of rocks? =



101, Salt Water Rocks, and Fresh Water .
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Rocks. — 1. Among the rocks of agueous origin,
somo bave been deposiled by sen water, others by .-
fresh water [rom l:tflj,:u lukes.” They can be distin- |
?m'mlwd from each other by the fossils they contain.
Those found in the fermer, have more or less aflinity \

with marine animals still in existence ; while the Miljes———
are like fresh-waler shells and fishes. There arfalso
the remains of land animals,

When an animal dies upon land, it hecomes puti-
fied *. and in a short lime nothing remains but the an-s.
These in their turn, attacked by insects, water, air,
“rost,and the heat of the sun, decay, and in no great time
disappear also. If, on the contrary, the dead’ bodyebc
carried away by a river =0 as to [ull into the deep and
tranguil water of a Like, it sinks to the bouom and is
covercd up with mud; is bones become mineralized
(turned tnto -stone), and remain as fossils when the
waters of the lake disappoar. This ean also happen in
sea water, but not so readily, on account of the constant
mation of the waves, etc.

9. Tharofore, it is especially in fresh-water rocks
that the remains of tervestrial mammalia®, of birds,
and replifes ‘are found,

3. It is easy to understand that no fossils are found
in Igneous rocks, since they have extruded from the
burning depths of the carth.

102, Order of superposition of Rocks, — 4.
People who study thehistory of the earth, and who are
called Geologists (from the Greek, g, earth; logos, study),
lave distinguished, by the examination of fossils, a
greal number of strata, to which they have given names,
and which they have classed according fo their relative

ages

=it 4 i .

When one rock covers another, it is certain that lh;_';__
upper is of more recenl formalion. /

Jjow, roeks lie disposed in regular sirala, liKe
leaves of books piled one one amother. 'Lhe oldest

1. What distinelion is made | fassils nmever found P = &, Dy what 1
arsngst Tozka of aqueoss origin? — mun_li‘l,,n'# geologisia elassiled the
1. In whai elaswol recks sre fossils | diffgresl cirata? -

gund — 24 In what elast of rocks ars



ROCKS, i

* gnown of these rocks are crystalline, and contain no
fossils (fig. 33, AB).

: F. Quaternary. \
. Eo#Ter ity
' . Seromilacy
- —_——
C. Primary.
.

-

Above these come rocks, undoubtedly depostted by
water, in which are to be found the remains of organizms
of the animal and vegetable kingdom.

L. The wmore ancivil the strala ave, the grealer dare
the differences belween the animals whoze remaing are
fownd in them, and those thal people the earth at the
presend day.

In those beds, immediately above the ancient erystal-
line rocks, but few fossils are to be found; and those
met with belong to the most inferior groups of the
animal kingdom. Then as the sirala rise one over
another, and as we near the present epoch, the animals
appear more and more highly organized. Monkeys and
men are of quile recent date,

Let ns unrillﬁrslum[ cach other, lewever : « recent » in
regard to geological epochs, they certainly are, that is 1o
say, they appeared last! But if we wished to corint Ly
years, centuries, thousands of years, the length of time
since man existed on the carth, we should find the task
too great and the length of ime incaleculabile. And in
geology it is always thus.® One ean say, this rock is of

“‘%um recent formation than the one under it, and more
ancient than that which is above: bnt at what cpoch it
was formed, and how loug a time its formation lasted, no
one can tell. There are some limestones, composed of
shells so very small, that the naked eye cannot discern
thome, millions of these shells exisling in a cubie inch

s &
L. Wlst s the resalt of The apSquity of roeks, 80 far a3 L8 animal SPEries
is concoroed T
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Yot these rocks are in beds hundreds of yards thick, think *
then how many centuries must have rolled by during
the formation of such @ deposit!
105, Principal formations, — 1, Thus it is in
the most recently formed rocks, which you will find
designated in books tnder the name of quaternary
rocks, that for the fisst Dme, remuins of man or lrage
of buman industry are found. .
And a very poor industey this at lirst was. Man in
those times lived wild, in caves along river banks,
hewing roughly silicious stones for weapons.

o

Fig. 3% — A, bomes of reindpeer carved. — 0, azes cut onl of Niot. —
2, skeleton of & mammoth, — D, gkull of enormous hear,
-

He had to battle, even op what is now Europea
ground, with elephants, mammoths |'EE. 34}, rhinoce-
roses, ligers, and gigantic bears! Naked and almogEl
unarmed as he was, heslew them and made food of théir
fesh, utilising even their bones for the manufacture of
various utensils  All this took place thousands of years
before history existed to record his life, his struggles,
and his victories. i

" ‘i

w
b
L. Ia what rocks are found human remains, and traces of human industey?

]
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{. In the earlier or Tertiary epoch, the end of which
saw monkeys appear, perhaps even nean, there were 1o
Europe very largo litkes of fresh water, upon tlie shores
of which lived numbers of mammaelia, widely different
from these known in our day (fig. 33). The French

Fig. 35, — Palevinerim {sie Fiag, 3. = Fossi] shells in &
of an FEEIN fragusent of Paris rock.

naturalist Chvier®, first gathered together and studied
hetr bones, and therely was able o deseribe animals
that had lived in those far-distant times,

It is on terliary soil that London and Paris are built;
and in this, great numbers of fossil shells (fig. 36) are
to be found, similar to these exisling at the present day
in hrackish and salt-water.

2. During the epoch that preceded this, namely, the
secondary ﬁmri.ud, great parts of England and France
were covered by the sea. At that time there lived in its
waters, molluses, fishes and reptiles unknowr in our days,

Fug. 31, = letihyosaurus imediom gize, twenty feel),
.

the finned reptile ealled Tehthyosaurus (fig. 37), for in-

_"ﬁncc, which is not unlik® a whale. 'I'ie remains of
wery lew terrestrial animals have heen handed dewn o
us through these centuries, bul strange are those few we
konow. Here is a flying reptile, something like a bat,
the plerodattyle {fig. 38). Only one bird of that remaote
perind is known, and it has tecth and a long articulated
tail like a lizard.

'l— -
L. What epoch precedes G quajgroary epoch? — 2. Whatwis Lhat which
pracedes the lertiary epoch? %
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1. More ancient still than the preceding are the
primary rocks, G, of which the most
important for you to learn aboul are
those containing conl, they are ealled
coal measures. Al this epoch, great
ofests covering wide extents ol ground
{t'ﬂre burici, so to speal, under xrﬁﬁ:u'r?r
S e and there, slowly translormed into coal.
Vaish OF & (HGRON). You know that the principal coal
mines® in England are those of New-
castle, Lancashire, Yorkshire, Stalfordshire, and South
Wales, in France those of St. Iitienne in the department
of the Loire, and those of the department du _'§<'|nil
which last are in the vicinity of the great Belgian
mines. Almost everywhere, coal must be brought up
from great depths, as the coal measures®are so often
covered by the secondary and even tertiary strata. --

Slates oceur usually among rocks still older than the
coal measures.

This is all that need be said on this subject for the

resent course of lessons. I hope you have properly un-
Hn!-stuurl all T have told you, so I will recapitulate ra-
pidly.

2° Iirst, there are the wvery ancient erystalline
rocks, Db, superposed in regular layers : then rocks
of aqueous formation: primary, secondavy, lerliary.
Lastly, the gquaternary rocks, which make a category
apart, and on which much might be said.

104. Changes in the map of England. —
If I*have made mysell clearly understood, you should
be convinced thal since the origin of ‘the world
the aspect of the carth has undergone marvellous
changes. 3. Oceans have taken the place of whalwas,
in most cases,dry land. Afd what s dry land now-
days is, in most cases, whal was the boliom of r,rc::a;g"‘
that have been upheaved. .

Practically all France and England have been sub-
merged ”, once or several times; the sea encroaches here,

1. Whal is the epoch whizh pre- ancienl? — 3. Has the earth aiways '
eedes the pocgudiry? — 2. 1n what | presfnipd the same aspecl, as il acw -
order do the diferent rocks succeed | Woed? —
cach other, Begiomag wilh the moal i
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srecedes thore and sometimes reinvades regions that had
at other times been lilted above its level : [ here show
;* you two maps that indicale the state of land and water
rlllm-u:ﬁkthn primary (fig. 39), and the secondary epoch
ig. 40).
; ‘I{J.-_n. is there anything under the ancient
ystalline roeks? — And now has any one any
dilier observations lo submit, or any other question to
ask? What do you wish to say, James?
Please, Sir, do the erystalline rocks go to the very
bottom of the earth, or is there gny thing under them?

-

S ) BT I
| 2

| #

|
|
|
|
{
|
i
|

Fig. 30. — Map of England during Fig. 80. — Map of England during
the primary epoch. e secomdary epoch.
T Emerged land®. ] Fmorged land * (primary epoch).
== Submerged land %, EZS Ewmerged land * (secondary epech).

EES Sobmperged lasd.

Ah, you ask me questions that are bard to answer.
What there is under these ancient rocks, no one ever was
able to see, as I have already told you. But the volcanoes
scem to reach verg far down into the earth, the lavas they
throw out undoubtedly comge from enormous depths.

In that case, the nterior of the earth would be
- — But, Sir, the lava is fearfully hot; how is it
it does not overheal all the earth s6 as to scorch our
fect? And how does it ceme 1o be so very hot?

106, Central heat and the crust of the
Earth. — Well! Le all ears, my child, and follow at-
tentively what I am going to tell you, 1. When a deep

s E ;

)

L. I3 ibe temperature of the earih Vs same at the boltom of & deep mice,
(v it 1 o8 the cotside?

T iy e T o i el T e T
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Lole is made in the ground, the deeper f 18 made the®
grealer ihe leat 15 doten al the botlon.

1. In & mine of 3000 feet in depth it has been ascer-
mined that the augmentation of heal was one degree
centigrade in 100 feet. That makos 30 degrees for
2000 foct, 2. 1T the stme progression continues thys for
300,000 feet, the lemperatura would attnin 2000 degr
This is far more than is necessary to melt lava, gras
nite, ole. 3. Serious investigations and study lead to the
beliel hat matter in o stale of fusion would begin at the
50,000 feet, were nol the pressure so greal as

|}l.']r|.lll of 1
to prevent actnal melting.

Now, geography has already taught you, and we will
study this question also, that the carth is a Slobe
whose diameter® measures sbout 8000 miles. 4. You
spp then teat this globe is alntest entively=in a highly
heated stale, with but a little comparatively cold
crust all around, which erust does not represent
more than the lundreth part of the total thickness of
the globe. This is much less in proportion than the
thickness of an orange skin com sared o the orange.

The term ** crust of the earth ”’ is indeed only ap-
Jied 1o that part of which geologists have accurate
kinowledge.

107. Some explanations of the changos that
the earth has undergone. — IL is very cerlain
that there was a time when our earth wasa ball of melted
matter, still luminous®, something like red-hat iron.
(iradually the carth Frew cooler by turning and rofling
through  space, the materials became more compacl,
and a first ernst was formed, composed perhaps of gra-
wite and erystalline rocks. When this erust by the
srogress of cooling grew thick enough o prevent the
ﬁurﬁicc from heing burning got, water was formed, an
hecame seas and occans, and the heat diminishing st
more, living beings appeared. These occans i i -
Lither and thither on th surface of the globe by the
movements of the terrestrial erast, thinner apd less selid
than it is now, deposited the rocks of which I have §
spoken to you, and with them their fossil contents,

1. Tn what fnlf-uﬂiuﬁi is the heal I sliPrmald be tho temperature a1 a
apgmeniad ? — 4. Reckonin  1hus, epth of 300,000 leel 7
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+  The zame thing continues to this day, only with less
energy aml activity as the thickness of the crust inereases,

i During those pedods long passed away, ereat move-
ments ook place in the gml.]m]], uplieavals, depressions,

] {ractures, or rents,  In mountainous eountries, the strata,
deposited quite flut by the sea, were sometimos upraised
b Tr-ail almost vertical® position, The interior of the
« earth has, notwithstanding the erust, always been ineom-

3 munication with the onter parts.  Melted matter has heen
1 thrown out, and is so il from time to ime. Al lirst il
was greal quantities of matter guch as the porphyries,

that camo Lo the sureface throueh the thin erost they hiroke

open. At a later poriod, sorls of chimnevs or volea-

noc® threw ont primitively basalt and now-a-davs lava,

This is the history of our Barth. It is no liction in

y which imagination and invention play the first parts, as

% sy have =0 oflen done in similar eireumstances, but roal

history, of which scienee is as sure as il is Fﬂﬁﬁi]ilc Lo he

about things no eye has seen, and on which one ean but
FeLs0m.

SUMMARY. — Rocks.

1. Bilferent kinds of stomes (p. 120). — Stones may be
roighly divided inlo two calegories : 1. slonces What dissolve in acids,
giving wenl Lo gas; 2. those thal remain uninfluencod Liv acids.

2. The former, among which are o be numbered efiall, [ime-
stome sl marhle, are desigoated by the name of caleareous stones,
because when aubmitted Lo a very high Temperature, Lhey become
fime (in Latin eala). 2 -

3. The laller, the principal type of whick is fint, are for the
grealer part stlex or rather silicious stomes. They resist the action
of fire, and are exlganely band.

&, Clay is numbered among ilicions stones,

5. Stony mixtures (p. 173} — The different kinds of stone

r 2 frequently mingled together.
B. Marl is a palearesus stone in which existsn slrong propor-
wdn ol eliy,

T. Arable soil is amisturaof animal and vegetable detritus, ling
cittenreaus stones, grains of silez and elay dusl.
© B Crysnlline stones (p. 193], — Minerals are frequently
seen under the form of erystals,  There are caleareous erystalsand
silicious crystals,

8. Calcaresus cryslalatas well as gypsum erfsiafs are of no
value; because being temler, Lrﬁy are easily seratched and d.larnishe
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10, Silicsous crystals are much prized in such as quarts or rock
erystal, which is nol very rare, and precious sfones (rubies, sap-
phires, cle.). !

11. The diamond, the mosl beautiful of all gems, is nol a stone,
it is pure and erysallised carbon.

12, Crystalline roclis (p. 123 and [26). — Cryslals are somie-
times agglomerated, formg slones and aven rocks. .

13. The granite uplicaw Ld from the bowels of the carth, is com-
posed of three kinds of crysials @ guarts, felspar (W hich gives
feaoling, and miea (of which the so-called yu!d poder 15 made).

14. Porphyry, which is alse of {gneows arigin, i3 composed of
cryslals of felspar sel in a fine paste of folspar.

15. The basalt, of igneoud origin, was projecled from voleanoes,
jusl as lavas are now thrown oul of voleanoes sUll in aclion.

16. Metals nnd Coals l:’p. 127}). — Dletals are found ugler-
ground, where they form veins,

17. Coal is the residue of immense foresls buried e.llt:rm'r a pro- .

digigus number of centuries.

18, Peat is a sort of very young coal, as vel unhumd

18, Rocks (5. 120). — The limestones, the clays, the s]ates
the sandstones are nol all mized logether. They are disposed
more or less regularly in layers or strala.

20. These layers, with the fossils they conlain, have allowed a
classifteation of the differenl recks or zoils Lo be established,

21. In the Grst place we must distinguish : 1. the rocks of igneous
{1gmis, fire) origing 2. (he rochs of aqueous (wqua, water) origin.

22. The rocks of dpueous origin have been formed by maller in
fusgion at o very high lemperature, thrown up from the very depths
of the ecarlh. They comprise graoite, porphyries, basalts and
othier lavas., — No fossils are found in tham.

23. The rocks of agueous origin have been deposited by the waler
of the sega and also by fresh waler.  We digtinguish among them :

1. Primary rocks, above ancienl erystalline rocks. AL this pe-
riod gredl forests that covered the ground, were submersed and
slowly transformed into coul.

1. The Secondary rocks, =zuperposed on the primary ones. In
those days, the sea covered a greal part of our®country. Repliles
unhnown al our epoch {ichihyesagus and plerodactyle) have left
Useir remains in the deposits then Tormed.

3. The tertiary rocks.  In Lhis period there lived agreal numbefy)
mammalia very different from any existing at e present day.

4. The quaternary rocks, in which, Jor lhe first time, human re-
mains or Iraces of man’s indoziey are to be met wilh, remails
Wl were deposiled on Use soil of oor country long before Listory®
existad.

24, Movements of the soil (p. 131). — The ground is ever
in molion, r.ogl.nnml];' being upheaved hedz and sinking elsewhere,
but so very slowly that Lhe mn\rcm?tn is allogether imperceptible.

-

3
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L] 25. Things bave always been going on thus. Therefore the dis-
tribution of lawd and water on the surface of lhe globe has under-
| gone many greal modificationz,
26. Under the infleence of pressure exerled from within, analo-
gous o that which gives rigse lo earthquakes at the present day,
" the bottom of tie sea has been upraised in certain places, thrusling
"—- "H‘hﬂ_‘ i@ all dircctions, the water e 1J||'.|i|!'|:-_-d bed could no Jur|g¢p
conliine . Elzewhere the soil that emerged from the walers =ank

. down, and wa= covered over by the waves,
' 27, Bal whot an immeense length of time relled by during thesa
changes ! Centuries that leok so lung, are but as minutes compared

» wilh these prodigions perieds.

28. In our days siwilar phenomea take place on the coasls of
Norway and Sweden @ the Swedish coast iz sinking, whilsl that of
Nogray is rising; Uhe Baltie is beeoming more and more shallow.

. 29, Centeal heat and the erust of the glohe {p+ 141} —

When o very deep hole ismade in the carth, ithas been remark-
e that 1he ®mperalure gains aboul 2 degrecs of heal every time

i Mho liole has been deepened 100 Feel,  So al the depthof 309,000 feel,
the tewpermlure would allwin G000 degrees Fabrenheil,  This
is more than would be neeessary Lo mell lava, porpliyry, ole,

32. This leads to the conclusion that the whele earlh is, [nler-
mally, in a highly heated state, and that the comparatively cool crust
upon which we dwell is, in propoerlion, much less than the thicknoss
of an orange skin in regard Lo Lhe orange.

SUBJECTS FOR COMPOSITION.

14 composition [p. 120}, — Calcarcous slones and silicious
stones, — Action of acids on bolh. — Gypsum. — Slale,

2 composition (p. 123, — Composilion of arable ground,

I eomposition (p. 124), — Calcarcous eryslals and silicious
eryslals. — The diamond.

&% pomposition [p. 126). — Gravite, porphyry, — Basall.

5+ composition ([, 117), — Melals. — Coal.

; B eomposition (p. 135).g— Aqueous recks and ignesus rocks
-~ The order in which the former are superposid,
’ . % pomposition (p. 138).— Fossils Lo be feond in the different

strata,
£ composition (p, 130,and 142), — Mevements of the ground.
= Central heat and the crust of Whe earth. — Changes in the dis-
* tribtion of land and waler.

-
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THE PHYSICAL SCIENCES.

N — . PHYSIGS:

108. We will, to day, begin the study of the physical
sciences. Under this designation are comprised : Pliy-
sics, Chemistry, and Physiology. These sciences are
very important, extremely interesting and curious, gnd
also very different from all we have lutherto studied.

As in'the pursuit of these scicnces experimental inves- |
tigation is frequently necessary, they are hlsc some- ]
times called experimental sciences.

104, Observaiions and Experiments. — The
first thing I must explain is what 13 meant by the word
experiment. See, here is a bit of wood. 1 throw il
into the water, Thereby I ascertain that it floats ; and
the fact that it does so, leads me naturally to the conclu-
sion that the bit of wood must be lighter than water.
I then [ix weights to it, and take nole of the quantily I
must add to make it sink and be as heavy as water ; this
is an experiment.  Agoin, 1 put the wood in the fire,
there you sce it burns, gives off fame, smoke, and
leaves charcoal ; this also 185 an experiment.

110, Physieal Experiments and Chemi-
cal Experiments, — The chip of wood T threw into .
the water a little while age, onee taken oul and dried, |
regained its Primilif.'q condition, nothing was changed -
in 1ts composition: this is au example of‘a physical ex-
periment. But now that it ¥s burned there are n
means of restoring it to its orviginal 5IIET!E‘L: and yel &v-\
has not disappearcd, for were we to weigh the chars
coal, the smoke and something elss I will tell you
about afterwards, we could [ifd the exact sveight of
the bit of wood; but the nature of the wood i3 totally
changed : we have this lime made a chemical ex- .
periment, ; : :

Now let mp goe if you bave perfestly understood what
I have been telling you. Thf‘ra, Gyaorgu, I have put

|
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"some salt in this glass of water (fig. 1), What will be
the result? The salt will melt away, Sir. Say rather it
will eissolve, the expression is more correct. But, tell
me, have | made a chemical or a physical experiment.
A chemical experimeont, Sir, as (he salt has disap-

——pgared. No, my child, think again,1he salt has not disap-

- =
I T
IlE-\'-i.ﬁ

L -

Fig. 1.=— The salt has not disappeared Fipm 2, — [ron dissolved in sulphorie
1 Ve water il _||.‘u. enly changed its acid  becomes  amolher ody 2
appearance, for il ¢an be found again sulphate of iron, under ihe Form
in evaporaling ihe water (physical ol green erystals (chembesl azpo-
exp®iment). riment),

oof of this is, that the water has the taste of salt;
nioreover, il we pour the contents of (he glass into a
plate, and put the plale on the stone, the water will eva-

i ‘&arcd, il has only changed its appearance. The

porate; when the evaporation is complete, you will find
apon the plate crystals of sall, just as they were hefore
the experiment.

Now here 1 show youa glass containing oil of vitriol,

or as chemists say, sulphuric acid, into which I put in,
as you see, a few bits of iron wire (fig. 2); some of these
seem to dissolve as the salt did in the water., Only you
see that the liquid instead of remaining colourless® as it
was, becomes green.  Then if you allow it to evaporate
as in the preceding experiment, yau will find that there
remain not bits tﬁ' iron, but beantiful green crystals.
In this ease the sulphuric acid and the iron have both
disappeared, and a new body hag been formed, which
on account of ilg origin, chemists have called sulphate
of iron, and athers green vitriol,
‘{VL To sum up what I have been telling you, I should
sy then, that physical experiments make no alte-
rdtion in the nature of bodies, whilst chemical expe-
riments thoroughly modify them, and thereby give
rise to new bodies.

L What B the eharacier of physieal oxpariments T— What i the character
ol enemical ooes T g .
-
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[ THE THREE FORMS BODIES ASSUME., -

111, Solid, liguid, and gascous forms.—1.
You all know that” there are solid as well msH—"

uid bodies. A solid body is more or less hard or
ﬁmlsc, and has a definite shape of its own; a liguid
has no shape of its own, and is a fuid, that is Lo say,
it will flow away unless enclosed in a vessel made of a
solid body. d

Bodies also azsume another form, of which it is more
difficult to give you an accurate idea; namely, thgga-
seous form. An experiment will afford you more en-
lightenment on the subjeet than a great many explanc
tions. 2. See here is an emply glass.  Holding JQ
upside down, I plunge it slowly into this other largtr
vossel, which is almost [ull of water (fig. 3). You see

Fig. 3. — The water only modnis Fig. & = The zine first melis, then |
1o A, tha space 0, is Hlled up changea inte gas. |
wilh a%, which i5 a gas.

that the water doos not Gll the glass, and that above
the level of the water, there is a space apparently
empty. If yon now ineline the smaller glass to one side,a
big bubble will escape, and the water will rise in the
glags higher than before. What escaped in the bulffre
was air, or gas which was imprisoned under the glass, I
although like the air that surraunds us, it is invisible.

3. Must bodies can suecessively assione three forms :
solid, liquid, and gaseous. 4. This is very evi-

proved T — 3. Cap,all bodies asHumE
the thres farma? — & Prove il, by
Hiking waler as an ezample.

1. What are the thres furms bodies
sgsume T — Zelly what experiments
can the existemce of gas be easily
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sdent in the case of water, which freezes into fee under

the influence of cold, and evaporates in steam (or gas,

;= which is the same thing) ﬂrullm' the inflluence of heat.

But this property is common 1o most hodies, only under

a greater intensily of cither cold or heat, 1. Here is

_a bit ol zine that I have put in a shovel over the

fitetig. 4), see it rapidly becomes liguid, and were the

« heal strong enough it would soon disappear in va-

pouwr, Lases on the contrary are liquified *, and liquids

are solidilied by severe cold. (Ouite recently even air

fas been Liguificd and solidifie].

112, Evaporation and Ebullition. — The

! translormatiou ol a liquid inte a gas can be obtained by

two YUifferent processes. 2. Here are a few drops of

aler on a {:lulu (lig. 5); in a shorl time they will have

Isapgi.'arm ;and the plate

Il be dry: this is the
resull of evaporation.

3. 5o much for one pro-

cess; let us now pass on Lo

the other. Here is a pan

& )

o

Fig. 5, — Tl water on the plale Pig. 6. — i"hc waler in lhe pan gives off
disappears ditile by lilile ; eva- clouds of alean : :Luimipn.
paraiion,

full of water which I have hung over the fire (fig. 6).
You can feel with your finger that the water is Eﬁiug
heated ; and you can also pbserve that the warmer it
bﬁomes, the greater is the quantity of steam given ofl.
Atlast the water begins 1o boil; thal is to say, it gives off
clowds of steqm. — Aller a while the waler has all
digappeared : this is eballition. Thus ebullition is a
lorced and violenl evaporation, instead of the slow

1. Mow take some zise. — 2. Give | 3. Give 2n example of Lhe iransfor-
an example of the transformatién of | mation of a liquitl iglo a gaa by
a liguid 1010 a gas by evaporation. & | ebulliticn.
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and almost invisible process we observed in the first-
case.

115, Distillation. — Now loak at this. 1. Above - -
the boiling pan 1 hold a cold plate {fig. 7). The steam
on coming in conlact with the plate cools, and as you
see becomes water again, The water thus obtained 18
perfeetly puve, i is called distilled water, all ifs1M=
purities have remained behind, in the pan. 3. The .
proof that distillation purifies water, is given by the fact
that if you boil salt water, the product of the distillation
of this “salt water is perfectly tasteless. 3. Distillation
has then a twolold result. It first transforms liquids
into vapours by heat; and these vapours are re-liquified
Ly cooling. »

114, Compressibility of gases. — A liul
while ago, in order to prove to you the existence of ga

Fig.7.— The vaposr condenarcs, thal Fig. 8. — Al fhe l-'lﬂ'. 9. == W lon
+

1% bo say, berames waler again, on moment  Lhe n plads isat
caming in ronlact with the cold @ glass louches the bultom the
plate : distillation. the water, it i air is

foll of air A preased

I made a simple experiment which teaches us something
very curions aboutthe propertfes peculiar ta gases. Lol
us ilien apply once more to our little glass, and inyert it

1. How is distilled water chtained? | tion, — 3. What ara tha Iw'a ope
— 9. Provegihit a perfectly pora | ratiochd of distillatica ?
waler may ba obtained by distilla- | =
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+ a3 before into a glass vossel full of water, pushing il
straight and slowly to the very bottom. When the gilﬁﬂ

“ = at first touched the surfiee of the water {fig. 8), i,'nu

know it was full of air A; but now that I have pushed
it dawn to the bottom (fig. 9, the air evidently oceupies
~ less gpace B. -
=4 *M}is proves then that air can be easily com-
» pressed. 8. On the other hand, whea you wi l}HEru“' the
gmall glass from the water, the airit conlained expands
with equal facility.

115, Compressibility of liguids amld so-
lids. — All gases are, like atdiospheric air, very easily
compressed* and as easily uxfl.'l.nlln'f[', 3. But it 1s alto-
zetler diflerent in the caseof liquids and of solids. EBx-
traordinary force is required to compress water, and
greater foree still to compress solids; we may even say

at they are almost incompressible. 4. When people
speak about compressed hay for instance, you must not
imagine that it is the hay itsell that is compressed,
thiat would be impossible; the stalks of hay are merely
pressed more closcly togetheras the air that lay between
them is expelied.

4 5. Bul d:als that defy the most powerful machinery
'namely the expansion and compression of liquids ang
solids), can e most easily accomplished by a ?iu!t! heat
or a liltle cold.

II — HEAT.

11¢. Expansion of bodies — 6. When heated,
. solid, liquid, or gaseous bodies expand; that is to
say, they occuby a greater space than before. 7. In-

ersely, when cooled theyecontract.
J\ n{; ‘Sﬁgi 10) at the wheelwright when he puts an
fron band round a wheel s he makes theiron ring slightly
narrower than the eircumference of the wheel, then puts

T L. What Lakes placa whes air is place when hay b4 compresied? —

] " gubmiied to a pressure? — 3, What | 5. low can eolids and ligeids be
happess to compressed  alr when | easily eompressed or erpanded? —
sulmmitted to relazed pressore? — | E. What is the effect of beat on
3, Can eclids 'and Jiquids, be a8 | solids, liquids or, gases® — 7. Whazs
casily compressed? — &, What tyees | s the eflect of cold®



152 I¥. — PHYSICS.

itinto a large fire. 1.The heat causes the ring to expand, °
so as to allow the wheel to be placed within it : then il |
iz cooled, when the iron contracts and causes thering to fit =

1.
| 'Ell- =)

1
d

Fig. 10 — CCart wheel, | Undee the inllusnes of heat, | In cucling, thie
with a band of iren the tron band enlarges | contracts,

ronnd it oF expands. | |
so tightly to the wheel that there is no need for nails to
fix it. This is a striking example of the effect of the
application of heat to salid bodies, i
Ta
Al
I ‘
| ] -
S T — : ’
:. zﬁ_ I .I . o
R . I il
| a |
R el
I | R 'P.rr _-1.;-|gi r
R ] _'___ ___I j -
Fig 11. — The bollle BA is Fig. 12 = The tube boing clossd at A; thg
Placed in warm water - imme- air in Lke interior expands under the in-
diately the water in the tube Muense of heat, and cauees the waler to *
??Mr_rllfhjil to I (expansion of descend from © to [ fexpansion of gas). :
iquids).

Here now I show you a small howle BA (fi. 11) filled

L. Givs me an exsmple showiog the effect of heat on solid bodiss,
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" with a coloured liguid: it is surmounted by a glass
tube D, open at bioth ends, the liguid rises in the tube to
a certaln {:vight. 1. I immerse the bottle in a vessel G
eontaining vory warm water; immediately you can sce
the coloured liguid rise in the tube 1) by tﬂu eflect of the

—appwnsivn caused by heat. - e

Again, | put into a glass of water (lig. 12} a tube AD
closed atthe upper end A, open at the lower, and full of
air: the water of the glass rises in the tube to a certain
height G, which I mark with a stroke ofa pen. 2. This
done, I apply to the upper pare of the tube the heat of a
spirit’ lamp, immediately the water sinks in the tube,
to U: why so? Because the expanded gas takes up
more space.

117, Change in volume causcd by change

_____1% form. = 3. lleal is necessary to cause a body to pass

m a solid o a liguid state; and still more heat 1s
required Lo make it pass from a liguid 1o a jascous slale.

1, As heat brings about expansion, a solid body
will tnerease in volume by assuming a liguid form,
and the volurme will again increase we becoming ga-
seous. — 5. Inversely, a liquilied* gas occupies less space
under its new form; and this is generally the case when
a liquid is solidified. 6. Water, however, isan excep-
tion to this general rule; its volwme increases in be-
coming solid, in becoming ice. T, And this is the reason
why, when severe [rost sels in, it is necessary to emply
all ‘reservoirs in which the water yould be apt to [reeze,
clse they would inevitably burst. The foree thus de-
veloped 15 prodigious, for were a bomb® to Be filled
with water, the expansion produced, were the water lo
freeze, would rgnd it to picces.

8. When stones are not very dense, and contain a cer-
tfin ([}uamilg of water, Uws latter being liable to [reeze

-"'&L cold weather, they are olten splintercd and broken

L LYou havg & tabe hall -fal® of
_waler, heat it; whkal will happen? —
2, You have an emply tube closed
ol ome end, plunge it inio water Ly
ite ‘open extremily, heat b, what
will bappoe ?— 5. What mesthe done
to eause a eolid hody be pass inwe a
tiquid state? From a liguid state inte

a gankous stale T — &, What is e
eonsafience? = B WWlal are the
Inverse comsequonces? — 6. k51l the
same wilh waler® — 7 Whal pre-
canltiona cught o be talen wilth
PESErviieR whens winler arroves? —
B What is the efect T rosl oo slones
Lbat contain water 7 \

is
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to pieces. §. From a similar cause, damp earth is
raised up and erackled over during winter when there :
is mo snow Lo cover it, just as the bark of trees is some- B
times rent open.

118, Force of expansion of solids and li-
guids, — ['rom what 1 have already told you, you may, -
casily conceive that the force developed by hodies whien
they expand under the influence of heat, or when they =
contrael under the influence of cold, is somcthing
extraordinary. [ will endeavour to give you a siill more .
aceurate idea of this. You see this little 1ron red I
have in my hand; it is about 13 of an inch thick.

If plunged ‘in water at freezing point it would be ten
inches long: in boiling water it would lengthen alfbut
the sixticth part of an inch; this looks very imsigni-
ficant inducI Well, as insignilicant as it *s, 1l you |
wished to prevent this expansion, you would requira
put upon l]]n: end of the rod a weight of 7500 pounds:
-ou would never have fancied that [ am sure. 2. There-
ore when metals are used in buildings, they must be
arranged so as to have some working room, otherwise
the shortening and lengthening caused by the changes
of temperature would )ﬁisluc.;l.h: the whole consiruction.
So much for the Tarce of eold and heat.

119, Temperature. — But what is cold, and what
15 heat? Ah! this is far from being easily understood.

You must know however, in the lirst place, that heat
and cold are not two different things: to cool a thing
is motl to add ecold, it'is to take away heat. When a
thing 15 *warmer than our body, or as we ought to say,
when its temperature is higher than that of our Lody,
we =ay, it is warm,; if its heat is less, or rather il ils
temperature be lower than that of our lfody, we say i

15 cold. a .
120, Measures of temperature, — We ca}&,—_

easily distinguish, by feeling with the hand, not only’a

cold “body from a warm one, but also different degrees

of heal and cold. Here are two vessels, ig which |

Liave made water boil; one has been taken from the fire .

five minutes age, the other abiout a quarter ef an hour

1. On the earfh? — On treea? — | takgn it buildings against the es-
3, What precastics eught to ke | passion of metala?
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since; dip your finger in both, you will feel that one is
mueh hotlor than the other. Here are lwo olhors,
At taken off the fre,.one an hour ago, the other two hours
ago: they have lost so much heat that botl are cold, but
the latler seams till colder than the former. It is then
) wsgible merely with one’s hand. to appreciate, by com-
A - ¥ 2 " i
! parigon and tolerably well, the l.r:m[mn}m-_f: ol bodies.
- Ounly, as you can easily understand, this is not always
L sullicient.  First, because one might be miztaken, fur-
ther, how eould the degree of heat be accurately ex-
pressed ? This body is nol qu warm as that; but how
much less? [s the body I toueh at the present moment
warmer or colder than the one I touched eight days ago?
[ Bave certainly quite forgotten.  And yel were il neces-
sary to know it, what :nuﬁl be done? Is it warmer to-day
than it wies this day last year. You do not remember,
A neither do I For all that, it is sometimes very useflul

we should know such things. :

121. Thermometers. — For this purpose instru-
menls have been invenled; and those instruments nol
only measure heat more accurately than the hand can
do, they also give indications that can be kept in mind
or noted down. 4. The instruments I alluﬁc to, have
been called Thermometers (lrom two Greek words ther-
ntos, heat, and metron, measure).

The [irst idea that presented itself was that heat might
be measured by the espansion of bodies, Here is a bit
af iren wire, it will lengthen slightly if T heat it in my
hand; if I plunge it into beilin® water, it will lengthen
more; and still more if I put it in the lire, <\Were the
value of these three changes to be measured, we would

y have the exact indications of the degree of heal given by
the hand, the*boiling waler, and the fire; only these va-
riations in length are pot sufficiently perceptible, be-

—l\:nusc the Lody acted upon is a solid,
.' Liguids expand lo a much greater extent, and are be-

“sides more easily handled. They are therefore preferred for

. the consyruction of thermometers. 1L wasa sort of ther-

mometer we made, a little while ago, in our experiment
- 1 - +
with a glass tube full of liquid set in a bottle of waler,

1. What pame is given®ia instrumezts that are uded Jfor we=uring the
temperaturs of bodies 7 =
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But now wo shall take a proper one, that has heen made
for that purpose alone {lig. 13). Al the extremity of the

L
ﬂ

e T I T ———

i

maounted on a scale

tube of this real thermometer, we find
g (instead of a bottle, as we had in our
o e experiment), a somewhat lengthened hol-
| low bulb; instead of water it conlalns _—
mercury*. The tube is fixed vpea’ a

hoard with numbered divisions,
we have no use for these divisions, I will
separale the tube feom the board.

Ve must remark in the first |]J[.j.cu,
the height of the mercury, and mark 1t A
Fig. 13. — Thormo= (fig. 141, Now [ have plunged the tufe
meler with mereury o o gI-’lEE af cold waler, _llm mereury

sinks down and stops at a],mmlI mark I.
[ now take the bulb of the tube in my h .
the mercury immediately rises again, and stops still at
place I mark G. James, put the bulb in your mouth

and *{fig. 15):

(fig. 16) : the mercury still rises, and comes to a stand

.“-‘JiI 1A, — In eold waler Fig. 15.=Theheatol
t

g marcury in Lhe tuba the hand caitsga the
contracts and descands mercary Lo risg
from A to 0. from [te

at the spot [ mark D. The distance between BA, AC, :

Flg. 16, — The heal of

As

B

4

o

e moulls eamses The "y

mereury o rise [rom
G D

CD, indicates the differences of tdnperature that exists .
between Lhe air, the glass of water, the palm of my hand,
and James's mouth.  The glass of water is colder, my

hand and James's mouth are warmer.

George, in Eam’r turn, put the bulk af the thermometen
-

10 your maout

Do not laugh, else you might break the



!:
?

3

®
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tube. See the mevenry rises, and stops short exactly at
the same place as when it was in James's mouth; this
proves that your month and his have the same tempera-
ture,  Now take the bulb in your hand; ah! the mercury
fulls lower than the mark i, that signifies that your band

HEAT.

—w‘ii_q_;‘(ﬂd..rr than mine; but this is hot astonishing as you

-

have just takoen it out of eold water.

122, Graduoation of the thermometer, — We
are now in possession ofan instrument which will enable
us to compare the temperature of bodies.  Only were an
aecident to happen to our instsument, all our observa-
tions would be lost! Of course we could easily recon-
strygt another, only there would Le no means of com-
paring the new with the broken one. So all previous
ahservations would be worthless.

i i This then shows the necessity of marking off all

giermomelers in the same manner, so as to be able to
compare them with one another.  For this purpose, as
you can easily understand, it was impossible to take the
temperature of things at random. I will explain to you
how Lhis diﬂicultly was overcome, and you will see that

the plan, although a very
simple one, has been the
canse of new discoveries,

Let us again take the

|

thermometer we have se-
narated from its seals.
} have bere a bit of ice,
already half melted in
the glass. Now plunge
the bulb of my thermo-
meter into the water of
the meliing ice {lig. l?g.
/1 sec the mercury falls
i stops still ala cerlain
place A, Well, all the
time that the ice continues to mell, the mercury will
remain at=that very spof. This is one precise spot
vasy-to be found wherever a bit of ice is to be had
2. In the centigrade thermaometer, used on the Continent

=TT
Fig 17. — Thoer- Fig. 18— Thermome
aoemeter plunged  ler immersed in boil-
o melling ice.  ing waler, — Tem-
Temporatura 1 0°.  peralirg ; 1060°

what will bappen? = 2. In French

LI pluage in melting fre Ifc Dkl I
thermometers what s called zera

of 3 thermomeler with meccury init,
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and often also in England for scientific purposes, this
precise and invariable spot corvesponding to ihe
temperature of MELTING ICE or FREEZING WATER
iz called Zero, :

4. I now putthe bulb of the thermometer into boiling
water {lg. 18], the mercury rises m}midly and stops al a
certain place. 1 will mark this B. AU the tinte the waler
continues Lo boil the mevewry will not move from
this point. This is another precise and invariable spot,
Tﬁm as casily found as the first. 2. In the centigrade
thermometer 1his place ¢prresponding to the tempera-
ture of BOILING WATER is marked by the num-
ber 100,

3. The distance between 1 and 100 is then divided fhte

-

one hundred equal parts (fig. 13). 4. Lach of which .

is called a degree.

Fahrenheit’s thermometer is nol divided in the same
manner; it indicates 32 degrees above zero at the
[reezing point and 212 degrees at the boiling point.

As our thermometer is already graduated, were [ o re-
%iﬂ.!er it in the air, in cold waler, in the hollow of my
und, in my mouth, we should lind that the mercury
stops successively at the numbers 15, 10, 25, 35. This
shows us that the temperature of the air is 15 degrees
(it 1z written thus 159, that of water 10°, my hand 25¢,
and of my mouth 38°,

All these degrees are above sero.  But in winler the
column of mercury often falls beluw the frecnng point,
as the ice does nol melt. Therelore equal divisions
similar 1o those of the upper part are inscribed on the
tube, marking the degrees below the frecsing point,

We have now Rnished with the thermometer. But I
have still something else to tell you abbut heat before
leaving the subject.

125, Conduciion. — G:orgn, put your hand iﬁ‘

this basin of water that has been upon my lable sinGe
morning (fig. 19). Is the water al the same tempera-

a *

L. I place in boiling water the | is the toba divided betwaen Lhe o* of

tghe of 8 thermometer with mercory | melting ice, snd the 100° of boiliog
i it Whal bappens?— 2. Io centi= | water? — & What nams is gives. to
grads thermomefrs what signies the | eagh oMhess paris?

iark 160° T — 3. In bew many parts
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4 * |are as the air? — Mo, sir, it is colder. — Try with the
: thermameler. — The thermometer marks 59° in the
3 air and in the water. — Then you see you were mis-

taken : the temperature of the basin of water is the same
as thay of the surrounding air, and vel the water seems

Fig. 19, — Waler appears Lo you calder Fig. 2. — Charesal being a bad

il air, becanse Lhe waler belng n conduetor of heal does pol burn
goad conductor of lieat, takes more of my fingera, although the ead is
gur gwn heal from you than the air lighted A

(3-8

5 "&nldcr‘ Put your hand on this marble slab, then on
the table; the marble will seem to you calder than the
wood, and yet itis not so. ‘What can be the reason of
this. :
1. The reason is, thal the marble being a beller con-
ductor of heat than the wooden table, more heat is ab-
sorbed from your hand, and thus a grealer sensalion

of cold is produced.

9. Here is a bit of chareoal, lighted at one end, A
lig. 20). I can hold itin my hand, although my lingers
4 buta short distanee from the burning part: yet itdoos
not burg me in the least. Why? Because charcoal is
what is called a bad conductdr of heat. 3. On the
contratry, il I 1qj.ul into the fire one end of my iron tube
(fig. 21}, the whole tube becomes hot, and although it 1s
nearly 10 inches long, I ean scarcely keep my hand on
the other end®of it. And that is becanse tron s a

ood conductor of healy for it allows heat 1o pass ra-

idly through its substance so as to reach my fingers.

<M g grive 3‘011 a striking example of the dilference be-
tween a body that is a good conductor of lieat and one
.that is a non=conductor, I will show you a very simple ex-

- peciment. Here is a playing card (fig. 22) upon which

1, Why do water and marble ap- | 2. Give anolher example of a bad
pear colder than the air and wood? | condoelor of heat, — 3. Give an
Wihat name 1% given tofthis_ pre- | example of 2 fmimndu:ur,
perly in water and marhle? —
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I have Nattened a little bit of tin foil. I hold the eard
above a gas burner or over a small lamp. See the
tin paper melts, and yel the eard does not take fire
0 T

e tin, a qouod conduclor, absorbs all the heat, ,
.l--:"-_ 5 o . - :
A ] ’)/_,_,4-”_
et | - | it
T et i o
S R R IR i =
i .1.'; :-ﬁ..l_..___..’ : ; o
==
[l - =
Frg. v — i can-scarcely luld my Fig. 2. — Viee varid Tevns 0 waii-odne
wrom bube, it i 30 Bol @ iron s a dietor of lbent duvos nul eelain | zh
gocd concductor of heat. hoat to set it on Ore. Wlile Haelin
gty & gl cundnebor relans all '

L fieal and melis,

whilst the card, a non-conductor, docs ot u{:sm% _l
enotegh to lake fire =
2. Metals' are very good conduclors; stones are
less good, and wood stll less, 3. Air itsell is a non- 1
conductor.  Therefore our clothes preserve us from
eold for two reasons. 4 In the first place they are
composed of libres of cotlon, of hemp, of flax,=or
threads of wool or silk, all of which are non-con-
ductors of heat. Further and above all, Letween the
filaments of each tissue, and between the differents paris
of our clothing, there is a corlain quantity of air: this
air is bul slmﬁ}' heated ; only when it 1s onee heated it
remains so, thus protegling us from outward cold.
Water Leing a better conductor of heat than air is,
you can®understand why you felt it cold when you
plunged your hand therein. But once your hand was
withdrawn from the water, did it got warm again im-
mediately?— No, siv, T think [ felt i colder than when
in the water, — ALl that also #lemands an explanation.
124, Heat absorbed in evaporation. — §,
showed youa few minutes ago that in boiling watery
and during all the time it bgils, the thermometer
indicates the temperature of 212° Falirenheit in other
words, the temperature remaing conslanl,  And yet-we ° |

I What takes place in he eard b, "l.'||.'||_||l do our clalles protect ws
experiment? — 2 WWhat do you | from the cold? — 5 Whal s (e
toow of the ccadumilility of metals, ummruluh of bailing water in a9
stopes and wood? — 3. OF 2ir? — | uneoversd caocepan?
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- added heat, for the fire continued burning under the
pan.  What became of all this heat?

.0 This is not easily understood. 4. All T can say upon

the subject is that this heat has been employed to malke

steam ; the proof of this is, that il you prevent the lorma-

tion of steam, by hermetically clasing the pan, the tem-

HTHJH!‘I'C of the water gocs beyond 2120,  Now do nol

¢ . lorget this : in order (o produce vapour, in olher

3 words, to transform a liguid into a gas, heat is

A necessary. 2. There was waler on your hand a

little while ago; and to dry that water, to allow it to

hecome gas, heat was required.  Where was this neces-

sary heat to be found? [fn your hand, which in conse-
quesee was eooled.

And where does all this vapour go? [Into the air

Jut it is enot visible. No, beeause it

quite transparent, neverlheless it exists

Here is a botile just brought from a cool

cellar (fig. 23). The vapour of the air

has condensed upon the hottle in minule

drops of water. Where does this wator

come from? Not from the inside of the '

bottle I should faney. 3. No, from with-

out, from the eir: it was then in the state

of wapour; and as the hottle was colder

than the surrounding air, Lhe 'rnlpum' Bip= <P -1 = Khe

: vapuur of the
came water by contact with the Lottle, or  air iz conden-

as we should say, it condensed. Itisalso 2ed on the
distilled u‘ﬁlur.F,HHI wait till fhe bonle 1.;:?':':13_“%’
is at the same temperature as the air of the .
room, the misty appearance will J}::ss away, the water
will have once more evaporated.
125. Powtr of hoiling Water, — [ have just
tald you that if in heating water, you prevent the forma-
4!1 of sleam, the heal nf the waler goes lnv}'unni glan,
&' The simplest way of preventing the formation of
vapour is fo heat the waler in tightly closed vessels.
. But the vessel muse be very strong indeed, else it

1. Seeang that the fire eonlinges banl a8 dried in the sir? — 3. Why
heating tha sanespan, whal becomes is a bottle thal has been Bromghl up
of the Leal® — Prove that beat b5 | Trom the eollar, povered wilh vapour?
amployedinmaking steans, 2. Why | — & Iy what memis is the capogr
is 8 gensation of eold felt, wlen el | o7 steam prevented from forming ?
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would soon be shivered 1 picees, 4. For the vapour .
aof botling waler has prodigious force.  Ihave here a
tube of zine A (fig. 24) which contains a little water, and .
which 18 well eorked. [ hold it with the tongs over ;
the lire.  ‘U'he wa-
e uf ; = terof the tube soon
Ay 4 reaches the kpile—""
[\ ing ]mir!l,aﬁﬂthiﬁ !
18 no sooner al-
tained than the ‘
cork 1s wviolently
expelled with a .
lond report. l
[, insteads of

e S PRI corking the tuhe,

. 2% — The fores of the vapour imprisosed in the : H 5
i tobe A causes the cork ko My cut 1 ]”,HJ' }hllt 1t “]I']l
o lid, closely fit

ted and firmly fixed, the temperature of the water wo
have increased, and the steam would have then acquired

real force, and in a short time the tube would have
ﬁncu shivered to picces,

When water in a closed vessel, reaches a tempera-
ture of abiout 250 degrees I, the pressure of the steam
generated is equal to that of 30 pounds on the :square
inch

2. It 15 upon this primciple that sfeam engines acl, i
The water is made to boil in closed tubes, in which
the steam produced acquires enormous force. This |
steam is then allowed=lo escape in a certain direction, |
and ean according to cireumstances lift great weights, or
putinto action greal wheels ete.  In another course of los-
sons we shall further speak of this admirable invention. :

SUMMARY. &= Hear. },

1. Physieal experiments produce no alleralions in the nature ef
bodies; chemieal experiments Lotally change il, and give risa lo
new bodies, . . |

2, The three states of bodices (p. 158). — There exizt golid -
hodies, figuid bodics, and gaseous bodies.

L Whal properiy_does the steam | am admirable invenfion Lhat results
ol boiling waler poksesa? — 2, Name Frun.l thidy properiy.
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x A pebble is a solid body, — water a liquid hody — air a guseos
biods.
3. Mosl bodies can successively pass throngh these three sloles,
Thus fee (solid) becomes water (ligquid), then steant (gas). |
Another example : Zine, which is a olil metal, becomes liguid
by melting over the fire, and is changed inlo o gascous vapows il

= Lheafire i very strong. .
H'l_:s':npnrmmn. chullition, distillation (p. 149). — The

e

rain (hal wets the highway is dried by evaparation.

5. The waler that boils in the kellle sends forth vapour by
ebullition. — So ebullition is very rapid evaporation.

B. The water oblained by cooling sleam is distilled waler.

7. Compression amd expamsion (p. 150, — I ig said that
a body is compressed when il is foreed bo occupy less space.

%, Abody is said to expand, when it occopics grealer space thae
it did before.

9. Guses are very easily compressed and expanded; liquids and
solids are stmost incompressible by ordinary means.

10, Expansion and contraction (p. 151).— What the mos|
Towerful machinery is unable to do, namely Lo cowpress of expans
water or iron; heat and cold can accomplish wilh the ulmost faci-

lity.
11, When a solid, liquid, or gascous body is beated il ex-
pands.

12. When it is cooled it contracts.

43, Gas occupics less space when it becomes liquid : and gene-
rally liquid oecupies in like manner less space in becoming solid.

44, Water is an exceplion, ils volume increases in becoming
jes. This isthe reason why in winler pipes and reservoirs burst,
and gome stones break from thi game canse.

45, ‘Thermometers (p. 155). — Une can measure e fenipera-
fure of a biody, that i3 to say, its degrge of heat or of cold, wilhi the
lielp of o thermometer, :

46, The invention of Ihermometers depends upon the properly
liquids possess of contracting under the influence of eold, and ex-
panding under the influenee of keat,

17, In the comtigrade thermometer, the temperature of melting
ice is marked by 0, and in  Fahresheit's thermomeler by
32 degrees, L]

_< 48, The temperature of boiling water, in the. centigraude, 15
*anacked 100, and 212 in Fabirenhiails.
10, Bodies condoctors of heat amid hodics non-con-
. ductors,ip. 166), — ledl passes through the substanes of bodies
wijl greater or less focilily.
20, Some, such as iron and olher metals, conduct heat with greal
case: Lhesa are called good conductors,
24, (hers, such as air, wood, charcenl, conduct il with less
facility : these budiesre said to be bad condutors.

-
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(22, Water made o boil in tightly closed vessels acquires a very
high temperature, and gives origin o sleam having very great
power,  This power is wlilised in steam engines, i

—— —_— - = l

Il — LIGHT. o= |

126. Luminous rays. — Where does heat come

from, George? — From the fire, Sir. — Yes, in a room, .
but outside? — Ah! outgide, from the sun. — Yery
well, but do the fire and SH‘ sun give heat only? — No!
they also give light. — Perfectly so. Well, as heat
always accompanies light, 1t will be easier to see Hhw *
heat proceeds 1n examining
it with the help=of light : [
for it is easier to follow ou =
an observation with one’s
eye than witha thermometer,
1. In the first place, light
always moves in a straight
line. See, in the room off
sy the schoolroom, the sun is
Fig. 2% = Light travels m a straight girikine  directly on  the
line, o LA
closed shutters (fig. 25). |
Only as there are holes in the shutiers you can observe
that from each hole there starts a lnminous line in which
dance myriads of tiny specks of dust. 2. Place your |
-hand in one of those Tines, and you will have a =en- :

sation ofs warmth. This proves onee more that heat
accompanies liqht.

127, Dark room, — But this leads me to show
vou a very curious phenomenon. Paul] go inlo the
dark room and place a shecd of while cardboard
{fig. 26, on the Euc of yonder sunheam Aa, Bb, etc
that shines through the hole of the shuller. Look:
All the objeets outside are distinetly figured upon the
pasteboard.  Here is the pond Neside Jamess house, -
and the highway with a carriage on it; only on the card-

1. How dogs Hght™travel? — 3 What 18 il &t slways ACCOm panies

hght?
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hoard every thing is seen upside down. Strange as this
may appear, it is very casily explained.

From the top A of the portar tree, for instanes, lumi-
nous ravs slarl
off in all diree-
tiong; Lul one
DI Can  pass
throueh the linle
hole, so as to
reach the card-
bourd, al the
point a. From
the foot of the
tre® another ray ' .
s '“?f:i“]f:f;i. i 5ot ey ek s v
tis the same with all the points situated between a
and 4. So the poplar is seen ligured head downwards.
The same thing happens, as you can casily understand,
at all the other points of the landscape.

128, Veloeity of light. — Light moves with
extraordinary velocity. 4. It travels at the rate of
185,157 wmiles 7 o second; il requires bot about the
seventh part of a sccond to go 2ll round the world, and
i3 only eight minutes in coming from the suntothe earth.

129. Reflection of Light. — Now Le very allen-
tive. [hold an a=in eateh thiesun's pavsa small mirror

Fig. 7. —The tight is sent back on the  Fig. 28, — There i a direel relation

« wull, at & by the locking plas (re- belwoen the direction of the "I

Nection). received, and the refiectad ray
amd B.

{fig. 27). 2. You can see on the walls of the school

1. How I'I.Il.rduﬂ light geavel? — 2.1 receive the sun'serays oo & smi’l
looking-glass ; what takegfplace? i
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room, o luminous spot A make s appearance. If I
move the mirror, the spot moves likewise,

This spot is formed by the sunlight falling upon the L
mirror, and then starting off again; it is said to be
reflected. Let us go into the dark room (lig. 28), and
then eatch upon the mirror the sunbeam (hat pagses
through the hole r of the shutter.  ILis reflected, traeig
a radiant line in the dust of the air, and reaches the .
wall at A when I hold the mirror about straight: if J
I slight!y incline the mirror, the reflected ray reaches .
the wall at B, There isthen, direct velation belween
the divection of the ray that falls on the mivror and
that of the reflected vay. We will by and by learn to
measure the value of this relation. =

This will explain to us how a mirror shows us our
image when we stand in front of it; how eur image
(fig. 20 scems to be placed at the same distance behind &

- the mirror as that whie f
geparates us from it, so :
that savages mnever [ail
i to scek behind the mir- |
] ' ror the image they see in
it: how it is also that the

L

= i
l;'-; {::I; ll
lr'“ﬁ'

el

L3

o RN

f @

T : Il N | G
--“:‘.1- %Jg_ i 'r,.'.ilw'.%._;,hl-.l;‘ _fl FIZ:'

Fig. 29, — Leoking-glasses reflect Fig. 30.— Tho surface of lhs waler
objecls (refection). refless objecls endorsealh as the
mirrer doss.

image is turned in the opposile way, so that the righ
hand seems to be the left, and viceversa.  Only in org;-:},_‘
to understand all this properly, some notions of geof]
metry are necessary; therefore we will wait until thosé
are acquired before proceeding frther in this direction.
The mirror I used a few minutes ago s a common
tinned * glass : but some are made in polished metal. All
smooth brilliant surfaces can serve as mirrors. Hereds
a glass of wajer(fig. 30). See, Lholdita little above my
eye,so as to look al the surface of thiywater from below.
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" [t appears to me like a plate of polished silver; look at
it yourselves : you may sce all the surrounding objects
<+ reflected in it just as you would see them in a real

mirror. 3 ] .
1. This will do for the present. We will now pass

: -\ﬁgl;_cguis subject, namely the refection of light, lo
refraction.

- 1i0. Refraction of light. — Refraction 15 a

word that means breaking. You will see that the word
« is perfectly suitable. 2. See. I have here a glass ol
water, and into it I plunge ofliquely a bit of straw
(fig. 31) : the straw appears to you as il il were broken,

} 5ot
| j
i —
By B
——— s ot |
T {
il
T
B 4
Fig. 31, — Tha bit of Fig. 32.— The lniabmoss ray 16 broben on leavins
; sleaw appears Lo ba the water, awd causes the peumy to be seen
broken iu the water at A in-advance of the spot where it scivally is
{refraction), {refractian).

and looks to Le more horizontally directed im mediately
on entering into the water. You know very well that the
straw is not broken, yet you can scm-ctg}' keep your-
selves from thinking that it is so. ™
And again another experiment will lead ws to a
similar conclusion. I have prepared for the purpose
{lig. 32) a tin box, and put a penny in the ]}mtlmn.
Come here, Jattes, and stand so as to be able to see
only the further edge of tlg penny. There now, I pour
~alater ioto the box slowly and carefully so as to avoid
didplacing the penny. Tell me what'you see? I see
the penny apparently rise and move forward towards A,
This happeps because the rays of light from the penny
bent, just like the bit of straw a little while ago,

L What pame is Eiven Lo this | happens if 1 plunge obliguely & kit
property of light falliog i imgg ol straw imlo 5 glass ™ waler?
3n the looking placs? — F What



([ IV, — PHYSICS.

i. This is what is ealled refraction. 2. It takes®
place overy time a ray of light passes obliquely from
a transparent medium, of one density, to that ol
another density, the ray being bent in one direction \‘r']gt!u
entering a denser medivm, and in another when entering

a rarer medium.  Flat glass influences a ray of light in
F'-FF.-.-.-'-

the same manner Lhal wiler does.

I put ﬂ:uu{.nu this book,a bitolthick glass u:Ji;:.liE!}.Ynu .

can sce that tho |:m_'.~'-:L[}Jiu.‘u'dm'iztlcd,as the steaw did.
If T hold the bit of glass at some distance from the

Fig. 33. — Tha lines of e book, FIE. 3. — The rays leave Lhe book
it pagsing from the glass inlo Lhe eviale in passing @ . from Lhe air
air, appear devialed @ simple re- in the glass; 2. from the glass into

Trastion, the air : double refraction.

Look (fig. 34), the defllection or swerve of the lines this
time indicates two refractions. The first takes place
when the rays of light that come from the book pass
from the air into the glass; the sccond when they
repass from the glass inlo the air.

434. Lens. — When a piece of glass is not llat on
both sides, the deviattons are mueh more complicated.

Paul, what name is given to this bit of glass A
{fig. 35) convex on hoth sides? — It is a magnifying

i glass.— 8o il 14, 3. but the scien-

1 rm—

JB @-ﬁ tific name wiven (s il is Lens.

Fig. 3% —loubleconrecions o magnify small obijecis,

(osided ca 1L 0] this one in your ]mnd:juml laok &t
the very fine print of this book. » Well, what makes you
look 0 astonished ?— Why, Sir, because I see’nothing at |
all. — Have a litle patience : you must neither puf the

1. What pame is given to this phe- | & picce of gloes convex on Lolh sidest
somenon? — 3. When i action | = &. What aro magnifying glazsees
prodoged f=—23. \E‘h:tnmnsguenm or ke Wgedd for ¥

4. It is nsed, as ils commgn
name, hagnifying elass, lndi%:'té_

-t




' Tt lo remove the glass; they grow

Eﬂt astonish you very mulh, be-
s¢ a quack at the hir de-

LIGHT, 1%

« lens close to your eye, nor your nose close to the book.
Look as you generally do, only throngh the magnifying
glass, holding 1t at first ¢lose to the Eﬂnk. Now it 1t
slowly upwards (lig. 36), while you
still Keep looking throngh it.  There
now, the lellers seem larger.  Con-

bigeer still, and become guile dis-
tinet. I you still continue |’|[ling the
glass farther away, you will see them
grow dim and  lisally disappear.
1. 50 Lhe proper distance ;Ij'll.]r‘.i.{ o I'l:'.llll'-_
joels

found out, and the stronger the lens
the shorter this distance iz, The lens
you are using about deubles the size of things, and
ust be helgl at about an inch from the oliject looked al.
132, Compound magnifying slasses and
miicroscopes. — When several lenses. are arranged
togetheraccording to certain rules, ;
stfonger magnifying power is al-
tained, giving somclimes ten or
twelve times the real size ; this is
what is ealled a compound mag-
nifying glass.  Again micro-
scopesare made by sull more com-
licated arrangoments of lenses,
E.'[il:ruscn e (fig. 37), comes from
twe Greal? words micros, small,
and seopeo, o look at. =
Greal magnilying power may
be obtained by a microscope.
Things appear 100 times, 200, and
even 1000 timas Targer than they
really are. [ see that this docs

clured thal he could show things
a million times greager than - e
their real gize. But this depends h"mﬂuﬁul:'ﬁumﬁ?u”
‘on the way of counting. When

[ say that my microscope magnifies ten times, I mean

What must be done in frder w clearly distinguish an ohfect wilh 4 leos
B
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that an object the tenth of an inch long, seems to A
a whale inch long. The charlatans do not counl in
this way. As a thing is magnified not only in length, =" &
but in width and in thickness, they mu]!llpl]: three |
times, and so they would say that my magnilying :::lu;nu
magnifies 105< ll.J:s’:__"lﬂ:lL‘H}U limes. Thus n:_l.';_uulr.r S
the showman's million becomes gimply a 100. Only
that wonld have made less fuss, and would have less «
amazed ignorant people. :

Nothing is more inslruclive nor more amusing than
10 look at things with & magnifying glass. I could not
ell you all that yon might see in examining insecls,
fimeers, in fact everything around you, your own
shin, your clothes, ete., with a two shilling magnfying

riARs,
n]'l. Had we time, how many astonishing*®and %'
lous things might I not show with its help.  Thousanids™
of living beings in a drop of stagnant u-murj_mszwm
of liny red bodies in a I
<2k drop of blood, and | cannot
tell what besides.
155, Telescopes nand
spyglasses, — A sorl ol
i\ microseope for magnifying
things at a distance so as to
Fig. 38. — Telescapes magmily objects make them look near, 18
Bl s, 2, SRR mado by arranging diffe-
i i rent lenses in another way. i
This is called o spyglass or a Telescope (fig. 38{ i
With Hs help we can study cven the stars, and see
in them many details absolutely invisible to the naked '
eya. by
}154, Fye glnsses or spectacles, — There is
still another and well-knowne kind of magnilying glags,
namely eye glasses or spectacles; these are small oval b
of glass that people having bad sight put before their eyas.
[am nib]i.gnd] to wear them becanse [ am old; here they
are. You see they are simple’lenses that magnify. but
slightly : take them in your hand, use them likea magnis
fying glass and see if you can read with them.

1. With tim‘]ulp of a microscope wha 3 discoverad in a2 drop
slagnanl waler? — In a2 drop of bleod?
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* 1seo Henry shakes his head. Ah!Isee why. Iam
not the only person in the school who wears glasses;
v 2« James, although young, is olliged to use them, and
Henry finds that James's glasses cannol be used as a
magnilying glass. He is quite right too, and I will
—_explain to you why. :
=You must know that there are nol only convex
T i&nscs, but also FUM{HT OIS [J!i_-_:. BH'.i 2. Now concave
lenses instead of magnilying things, lessen
»  thems instead of making objects look neaver e |
than they are, they make them appear far-  piz 2.
ther off. . Dogble soncave
i 1 lens (bollow on
Come here beside me, James, and bring pal sides
your*hook along with you, ouly take ofl your
spectacles; [ have put mine aside 2lso.  And you, Henry,
who have gaaod eves, come and stand beside us.  Let us
— y o read at the same time, each in a book with the
same sized print. Now that [ have not the ]u‘-l}[j ol my
spectacles, you see, [ am obliged to liold my book al
arm’s length {fig. 401, before I can distinetly discern the

\ 4 :
! - M = % ’ B o
l F‘EF_ 40, = lleary hos good sight, Fig-41. — We have put on uur
a

m fong sighted, agd James is spectacles @ oor bad sight is
near sighted, - cured. J

_}::';lers; James, on the conseary, puts his close under his

mwse: while Henry holds his al a reasonable distance,

wkhout 8 inches from his eyes. This is because EP‘HCNE
has good sight, James has short sight, or myopia, an

1. Whst nzme is given 1o a lens, coscate lens? — 3. What kind of
slightly reunded on bath sidea? — [ sight are those persons said io have,
Whit name i given to s lens that is | who ses objects near, but col far off T
3 little hollowed on both Bides T — — Those who see far, bot ool pear?
2. What is the eflect prodgeed ls 2 -




I will give you the explanation of this fact, when we
study Physwlogy.

Now let us leave aside the lenses that lessen, aﬂ;filgi_lL.-—
aro only useful to short-sighted persons, and retitd (o
magnifying lenses.  Until now we have usod them for »
looking directly at things, by holding them between
our eye and the objeclt we desired to see. We can use
them also for another purpose.

i5i. Foecus of o lens. — Look | this time I
hold my lens right in the sun (fig. 42). Behind it

L place asheet of paper, towards ®hich

171 IV. — PHYSICE,

[ have long sight. We will now put on our glasses® .
again. Ab! that is right; we all three hold our book
i the same manner (fig. 41). Our bad sight is cured. =%

: I gradually bring the lens. 1. Yoy
e see at a certain distance asphite spot J
Mgt appears upon the paper ; this_$
= % 'a. . lessens as the lens comes nearer, until

I
|
= it becomes only a speck in size, but is
O mtases ripe oo excossively brilliant and luminous.
brought tagelber st And no wonder, for all the sun's rays
the puint A called yhat fall upon the lens are brought -
: togeifier in this spot. 2. This spot I
13 called the foeus of the lens. 3. In order to use
the lens as a magnilying glass, the object to be magni-
fied must be placed between the focus and the lens. Do
aot forget this.
James come here and hold out your hand above the sheet
of paper, (fig. 43}, seethe focus shines on your skin, But !
why dg iyuu draw away your hand? — "Because I focl '
the bright spol to be very hot. 4. Very well; that will
help you to keep in mind thal heat glways ACCOMmiia- =
nies light, and that the calorific focus is at the same
point as the luminous focus, h !
The larger the lens is, the greater is the quantity
sunlight it gathers together and concentrates, and the '

more luminous and hot 15 the focal point. 5. With this

1. What happens when a lens is place the ohject we wish-to magnify
placed abave a pincs of paper, 8o as | — & What is il that is ealled Lhe
o atiracl ihe sun's raye? — 3. What | calorific focus of a leps? — B, What
16 thal poiot called whers all the sun's | experiment can be made with & less
rays meet P— 3.\ ke a lonsisnsed as | and somea Linder 7
amaghilying glass where oaght we to —
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*little lens, I can easily st fire to tinder (fig. 44). Butto
obtain this result it is not necessary that the lens be of
“+ glass, all transparent bodies will answer the same pur-
pose. lce for instance, being a transparent body  {.

—\—\_‘_“-.\_. -

g 3. — Al the focus A, on Fug. ah.— AL the foens A of my little lens,
vour hamnd, all the rays of all the rays of heat are brought together
ight, are brondil together, and light tinder.

Navigators at the North Pole have been able to kindle fire
with the pale rays of the arclic sun concentrated by a
large lens hewed out of a block of ice. (Great of course
was (he amazement of the Esquimaux at this sight, and
equally great was the surprise of the sailors.

Colours.

*
We come now 1o a very imporlant and most interest-
ing experiment.
156. Dispersion of light.Solar spectrum.
— Here is a erystal stopper, cut with six faces (fig. 45).
I turn it in the sunlight, above

i/
this sheet of paper. When in a f*t;i’-—:‘ B
(=

[ certain positiony It casts on the o

paper a  many -coloured spof.
l __b\%.‘c look attentively at ths i ot F ':i;:'i'.|,-T-;.E,m¢|,l.,'lzﬁdfrr.;;}
" welshall see that in the n::iddric, inka, saven eolours; vinlel
it 1s bright green and yellow, on L’J}i!?{?a"ﬁj e et
the one side red, on the other blue  tion of thess colours i
afid violet: You all recognise U2 wpectrum.
the cblours of the rainbow. 2. It is said they are

8even in number: these seven are,if we begin by the vio-

I Hy whil mesos con a fire ba | coloors 18 the solar Meht divided? —
Lindisd with icat — 1. In buw many | What are these seven eoloars?

i
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let side (which is the lowest in the rainbow), violet, in-"
digo, blue, green, yellow, orange, and red. -

But in reality there are a great many shades rupmng
into each other and blending together, from the red to the
siolet, so that it is impossible to tell where one begins
or another ends. K e

1. Tlhe term solar spectrum, is applied to this com-
bination of colours of the minature rainbow that our
stopper has given us; and that of dispersion, to the way
10 whieh the light spreads itsell out. .

2. A spectrum is obtained when a ray of light passes
through a transpavent body, provided the surface
through which the ray penetrates is not parallel to {
that by which il issues.

3. This shows bhat all the colours ave conlained 1
the sunlight, although it is apparently while and ¢
lourless. .

157. Recomposition of white light. — We
shall have a prool of this by a very simple experi-
ment. Here is a round bit of cardboard, upon “'Ehich
I have painted all the colours ol the rainbow (fig. 46).
The cardboard has a little hole in the centre, into which

2 [ introduce a rod. 1 then rapidly :
?'{ BN whirl the card round the rod as |
oAl e ronnd an axle,

{' :,'{;r S\ 4, You see the colowrs disap-
7 NS v\ pear, and e cardboard becomes

& * glmaost while. i
Fic. 6.~ The while light . LU WS N0t even necessary to paint
= prodifeed by theunion  the sepen principal colours on the
of the seven eoloers of  oqpdhgard, three were sullicient :

the gpecirum,

of this iz, that the other colours, orange, green and

red, yellow, and $ilue. The reason
violel, can be produced byethe blending of the Lhi\ﬁg ]

others, two by two. 5. See: here is another Lit of cagf

If I make it whirl '

board, paintéd half ved, hall blue.

1. What mama is pives to all theza
colours baken togelher? — Whal name
15 piven 1o Abe phesomencn of a ray
beipg divided inle seven colours® —
2. How ean & spectrim Le oblitaiged 3
— 3. What conclasion may wa draw
from the TormdTion of a solar spes-
trom 7 -— &, What caloor doss a

evd assume when painted with the
seven enlours of (he specirum, and
terned round rapidly ? — 2. Whal
colour does a eard hall red, hall blus
appear 1o be while turning roond ¥ —
THall red, ball vellaw ¥ — Hall yellow,
hail Elae

-

|
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+ round like the first piecs, it will appear violet; and this
other, hall red, h:ﬂ} yellow will appear orange; lastly,

s« this one, yellow and blue will look green.
158, The colour of ohjects. — Dut what does 1t
imply when wesay that this ardboard, or anything else
15 white, and that  green or red or black. 1. [t means,
thiat-"the white eardboard or :'.ri'lL' olther white obiject,

. reflects all the light it veceives, and keeps back or ab-

sorbs nothing ; blue or ved absorbs all it receives excep-
. ting the blue or ved part of thevay; the black {tbsu:*i*a‘
all, and reflects nothing, What is the reason of this?
Al I am at a loss to explain 41, so you must coulenl
yourselves with the mere nowledge of the fact

1@ like manner, if water is white, wine red,ink black,

A is because water lets the whole ray of light traverse it,
vhilst the ned partalone passes through the wine, and the
k absorbs all.
TThere are then two sorts of colours, colours given by
veflection, as is the case with the sheets of cardboard ;
colours given by transparency, as is the case with co-
loured liquids or coloured gases, or transparent solid
bodies, liém glass,

Certain bodies have not the same ecolour when seen
by reflection or by transparency. This very thin sheet
of beaten gold leaf for instance, looks rquite yellow
when the light shines uponit, yet if you look al it when
placed bettween you and the light it will seem to be
green. Such instances are however rare.

SUMMARY. — Licur.

i. Propogation and Rapidicy (p. 164).—Light travels ina
steaight line
2 Tt travels at the rate of 185,157 miles per secand.

—« 3, Reflection [p. 165, — When a luminous ray [alls upon a
anirror, it is vefected, that is Lo say thrown back according lo o
Eiven angle, and projects a brillant spol upoen tha wall. This phie-
nomenon is called reflectign.

* 4 Refenetion (p. 167). — A body partially immersed in waler
* loaks as il it were broken, this is the effecl of the deviation of
lmninous rays. This qu.‘-nm:mn«nn is called reiraction.

L. What it teeant when it is eaid ihat the colour of g object is white? —
Blus or red? — Or black? - -
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5, Refraction is lo be observed every lime a luminous ray passes *
obiliquely from one transparent body to another equally transparent,
bot of unequal densily. i

6. Lenses (p. 168). — Alens is a bil of glass which has one or
bath of its =ides concave or convex : there are eonvex lenses, thal en-
large the ohject, and hollowed or coneave lenses, that lessen objects,

1. Magmifying plasses eause things Lo look larger, and argmadg
with a convex lens. e

8. Mieroscopes are formed by a number of lenses dizpased élccnrd- i
ing to known rules in such a manner ns lo greatly magnify the
dimensions of things quile near,

8. A telescope is formed by several lenses disposed 80 as to
magnily dizlant olijects. .

10. Spectactes when intended for near-sighted persons are formed I
by hollowed or concave lenses; those destined for ]ﬁng-_gjshlgp]
persons are formed of convex lenscs.

{1, The ravs of sunlightl that fall upon & convex lens come bo-
wether bevond the [ens ot a point called the focus. .

12. As heal always accompanies light, rays of heal also conce
trate al the lumineus focus. o

13, Bispersion, the solar spectrom {p. 173 — When a
ray of light passes through o lransparent-body, throngh twe plain
but not parallel faces, it spreads ilsell out, or diffuses iteelf, ani
produces a sorl of coloured band, in which the seven I:l}ll:llt;'s al
the rainbow may be reeognised. This coloured spol is known by
Lhe pame of solar spectrum, 3

44, The seven colours of the spectrum are dizsposed in the fol-

lowing onder, if we begin with (e under parl of the rainbow = nig-
lel, indigo, blue, gpreen, yellow, orange, red.
i

15. These geven colours uniled, form white light.

16, Coloured bodies enjoy e property of reflecting or allowing
lo pass Lhrough them only a part of the colours, composing while
light. Thus a Glue object absorbs six of the seven colours, and re-
Nects the §lue.

[ A1 page 232 subjects of composition are given.|
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IV — SQUND. |
¥

We detect and appreciate heat on the whole surface
the skin; light by thie eye; and sound by the ear. Wé
already know whence come heat and light, how they
move, and how they act. Let us now learn someihjng
about sound. e

i. Sound 15 always produced by the shock of two

L. How js suundﬂ:‘rﬂ.dmd T =




SOUND. M
* bodies. If struck even slightly some bodies give sound :
like this wine glass, thiz metal lid, this tightened fiddle
siring. 4. Such objects are called sonorous bodies.
154, Sonorous vibrations, — Paul, come near
mo; [ have struck this wineglass with a rod : it givesa
sirong and clear sound. Put your finger on the edge
(fig. "ﬁ'ﬂ, what happens? — The saundgcmscs. — Yes,
but what did you feel with your finger? See, there I
strike again, — 2. Ahl Sir, I fecl the glass tremble while
it vings; when I stop the trembling, the sound ceases.
3. Itis said that the glass vibrajes, and it is those vibra-
tons which produce sound.

* RS e LF.
B N
T \ - q-"_
= e

Fig. 48. — The vibratoes of the
toning fork are visible, If you
stop them, Lhe instroment i5silent

Fig. 47, — Saesd can be produoced by
tha vibralions of glass. When the vi-
brations are checked, tho sound ceases,

Strike this tuning fork* (Bg. 48): its vibrations arc
quite visible: and nﬁmn you check them, the instrument
becomes silent. So is 1t also with this lid, only you
cannol perceive its vibrations. )

Now the glass and the tuning fork are not in contact
with our ear, how is it that we can hear their vibrations ?
4. We hear them because they are transmitted fo the
air, which vibrates in its furn, and thus communicates
vibrations fo the inlevior of our ear. .

If any thing in my explanations puzzles or embar-
rasses you, you enusi tell me. Have you any thing to
say, George? °

— Yes, Sir! When a gun is fired, it makes a great
fise, yel nothing has been struck, nothing vibrates. —
You are mistaken there, mf’ ehild, the air vibrafes.
The gunpowder on taking fire produced an enormous
quantity of gas, which having vent only Ly the barrel

1. What pame is given Lo hodies
that prodose  scund  at the least
shock? — 2. What is felt on put-
ting the finger on & glees that bas
jest beem struck¥ What hapfens

4

when you stop the vibrating of a
glazs?— 3, What name is given to
tlis plenomenon? — &, How is it
that we hear [heg vibrations of &
Lody that does not touch our ear?

H.
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of the gun, bursts out with extraordinary force. And
this gas, when it violently struck the air, sot it in vibra-
fiore : theneo the sowd.

I will give you a proof that sound is brought to us
by air. UGeorge, go inlo the yard, belore the open
window, and strike -those two sticks gently op opne— |
another. You can all hear the sonnd? Now ﬁbfh the .
window : the sound can be no longer heard, A thin -
pane of glass is sulficient to keep the sound from coming
to us; it has prevented the vibrations of the air from  *
reaching our ears. L3

But bad the vibrations been strong emough, their
encrgy would have reached the panes, and Jave
caused them to vibrate also; they in their turn would
have Uansmitted their vibrations to the schoolroon
air, and so the sound from without ®ould haw
reached our earz.  Closed windows do not keepg
from hearing many disagreeable noises, for cxampl®®
that made two bundred yards off by our good friend
Thomas the coppersmith, as lie hammers on his
pots and pans.  Besides, 1 am sure'you have all heard
the panes vibrate under the inflluence of a loud noise
quite near.

140. Rapidily of sound. — Sound does not
travel very vapidly through air. Open the window

! agein. Thomas is
making a greal noise in
mending the boiler of a
sleam cnging |fig. 49)°. .
Look, aml listen atten-
tively, Tlo you remark
anythmg in particular? ‘
— Bir, when 1 sce
Thomasstrike hizboile
[ hear nothing, and iLi
only when lis hammad
i5 as high as it can be
1hat I hiear the seynd of
the blow. And yat of -

Pig 9. — Ths souns I8 et 8/ier 1ba - conree L is when! ha

Banmer Gias Boen gech Lé sirike. glrikns l].!ﬂ.l1 ]:I.l] 'I'I'.IH.EEIE-
ruise, Thessdund you hear when the hammer is up-
lifted, is the sound of the blow he &truck an instant belore,
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Whythis dillerenceoftime? . Becauselight travelswith
astounding rapidity, you see the movement thal Thomas
nighkes, at the moment he makes it, while, as sound
travelsmuch wmore siowly, it reaches you rather later,

The next time you find sn oceasion, observe a sporls-

'*ﬂ&ﬂﬂi\m his gun (fig. 50). You will see the while

Fig. 50. — The smoko is seen before the report of the gun is beard.

cloud of smoke come oul of the barrel some seconds
before you hear the repord; and the greater the distance
between the sportsman and you, the greater will be the
diflerence between the moment you sce the smoke and
the moment you hear Lhe snumf, Il is by caleulating
this difference between time and distance, that people are
able to measure the rapidity of the propagation of sound
through air. r

2. It has been ascertained that sound travels at the
rate of 1125 feat*per second.

‘141, Transmission of sound by solids and

_{l}' liquids. — I have tlready told you that it is by

M that sound is generally Lborne tous. 3. Dulsonorous
vibrations can be transmitted to us by lguids and
even by solid bodies. , Put your ear to the end of this
*lon hte (fig. 51); although I touch the other end

* wery gently, you can distinetly hear the sound.

I, The coppersmilh sirikes a boilor last doees sousd iravel through tha
i tbe distanse: Why dao you see the | air? — 3. Isit.through air only that
movement of the arm before hesring | these vibratioms ¢®a be tranzmilled
the moiss of the hammer? — 2 llow 1o us?
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1. You hear it even better than if the vibrations
reached you through the air, for vibrations are irans-
mitted with greater rapidity and strength by solids

Fig. 81, — Jolids transmul seiwrvds vibraliens Letler shan air

and liguids than by air. Sound travels through wo
10 times more rapidly than through air, throug
iron 15 times, and L!Imttglt waler 4 Limes,

142, Reflection of sound. — 2, Sound 15 re-

flected baclk: from a solid or liquid body, just as light is.
It is for that reason that under some peculiar condi-
tions, a sound once emilted may be heard several times.
Tlis is called an echo. 3. Echoes are generally to be
heard when one is in front of a high wall or a large
rock. If you then ery aloud, you first hear your own
voice; the sound goes forward, strikes against the obstacle,
and is thence reflected back and reaches your ear, so that
" you hearitagain. This is a simple echo ; but there are
often dduble and friple ones, ete. In the castle of
Simonetta near Milan®, there is an gcho that is said
lo repeat 32 himes. .

145. Ranges of sound. — Sounds differ greatly
from one another. There ar® deep grave sounds, nﬁ,
high sharp sounds; this difference 1s due to the nu
her of vibrations per second to which these sounds corz
respond. 4. The more numerous the vibrations are,
the higler the sound is. y

1. Compare the rapidity of sounds | 3. When does an echo generally take
transmitied to us throogh afr, with placa? — & What resulis from ihe
thase that come throagh solids and number of thes vitiralions being more
Aquids. — 3. Mention 8 property of | or l=s numerous ?
stund anslogous to ene of light. —
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The deepest, the gravest tone that it is possible for us
to hear, has 32 vibrations per second; the highest, the
shrillest has about 70000. Man's voice can scarcely go
below a sound that gives 164 vibrations per second,
nor woman's voice higher than 2088 vibrations; but you

~ T-shildeen go much higher than that in the shrill cries

= vou sbmelimes uller,
i c 144, Musical intervals. — You may have already
Legun to study music. 1 so you know your notes, and
something of the scale®, the octave®, the f.e'{':h'. 1. I
will then no doubt interest you to know that when a
nole-is an octave above another, the higher note has
Justdwice as many vibralions, as the lower one; when

note is at the filth it has 3/2 more.

2. We shall see this better with the help of our tuning

rk, the mid la of our voice, this la is produced by

vibirations per sccond. The do under it has 480
vibrations; the oo above this, 480 3<2=0960 Thesa!
the interval from do lo sol is a Lifth) gives 480 <=
720 vibirations.

145, Musical Instruments, — [ must howe er
mention, that insiruments by which we ohtain musical
sounds are of several
kinds. T

3. First there are '
stringed instru-
ments, in which |
sound is produced
either by rulbing on
the tight strings with
i a bow*, like those

of the hiddle or® the | -
violoncello, or by .- e e e
3 .ﬂﬂk‘“‘ﬂ' them with g ® 52 — fatenor of riirm. — The longer

e liammers like  the string the deepar the sound ; the shorter
the sirimg Lhe shriller the sound.

those of the piano (fig.
58), or again by uﬁing them sharply with the fingers,
like Lseof the harp, or guitar.

4.7 The longer the siring, the deeper the sound : the

1° What may be cheorved shena | 3. In what eategory of instrumenls
roiels an octave higher thao another? | s the Gddls ranked? the plamo? the
— 3. By bow many vitratlons m o2 | guitar? — & Whal is the law of the
second ix the mid la produced ¥ — vibrations of chords?
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shorter the string, the shriller the sound. When a
slring gives a cerlain sound, il shortened to hall 113 ori-
ginal length, it will give just the oetave above the firsl
sound. Thus when 1t is hall the length, it gives dou-
ble the number of vilirations.

But, you must alsd know, that it is not only the—"

length of strings that determines sound. A diffefence '
2 in the thickness, or in the % |
material of which they are f
E o i made, gives to strings of °
¢ vemssmule | # oqual length very dillerent
¥ 11 powers. : |
g 1 1. Afler stringed ingtro- .
= | ments come wind instru- '

1| *  ments; these are of Iw!
Fig. 83, — A, orifica of the mpe of kinds. Insome,such as the

o FL?I[‘i_E-“r‘ﬂ”‘“-“Gr"f pipc of an organ, the

iy : or the flageolet (fig. 53, (h?
airy lorcibly blown, strikes the edges of an orilice ARG,
thus causing a vibration of the column of air con-
tained in the pipe. In this case also, it has been ascer-
tained that a pipe double the length of another, emits a
sound that has only hall the number of vibralions given
by the shorter one.

2. In wind instruments that have reeds, such as the .
clarionet, the air, sharply blown, strikes upon the ’
reed A (fig. 54, a lide blade placed in the
!::Llthll]l- uepe of the instrument), and causes
it to vibirate ; thence vibralions are trans-
milted to the air contained in the tube of

i the instrument. When a cornet-a-piston, |
Fig.st.—Resd o any olher brass instrutept is played, it -
of clarionel. - ity bR - - r <
18 the lips that vibrate, in the same [ashion
as the reeds.  In our larynx * wound is produced, some |
thing in the same manoer as in a cornel-a-piston. }‘
_ The tuning fork must not be forgotten either. Hogd
18 a cut rlefl:umm:nting one (fig. 55). 3. Il is a curved
rod of steel ABC, which is set®in vibrationsor being
struck by some hard body, Each tuning fork j.';i.'i.'?!i

but
one nole, the sound of which depends upon the dimen-

-
1. To what eslegory ol Instroments | flul®, tha fageclet? — 2. The cla=
belopg ke pipe of ao orgen, the riomel? — X What & a tuning-lork?
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the lower the sound it produces.
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The larger the tuning fork
f. Those most gane-

= rally used give the Ja that has 806 vibrations per se-

COndl.

"1g. 55, — Tuning lork.
— A, B, C, branch
of steel which when
- sl wibraling, pives

iz da, 800 vibralions
In a seeond,

f i
L et

==

L “H__. : _.-:.__,_f_"‘_')

Fig. §6. — I place
the laming fork
on a wooden box
[sounding Loard)
Lhe sound becoames
stronger,

Fig. 7. — When Lhe box s
closed, the sound is strong ;
when Lho box is open, Lhe
sound &5 weak

146G, Imtensifying sounds. — Observe here a
very important facl. I Imake this tuning fork vibrate,

¥ " . v
while I hold the fool of the instrument 1n my fingers,
you can hardly hear the note it gives. If [ put the
tostrument on Lhe table, or better still on this empty box
(lig. 56}, the sound is reinforced or intensilied, and is
easily heard throughout all the reom, 2. The reason af
this is thal the ave within the box vibrales in wunizon
with the tuiing fork.

3. The wooden case of the fiddle, as well as that
of the piano, have the same eflect. 1 have hem an old
liddle, the body of which I have arranged so as to be able
to open and shublike a box {fig. 57), When [ shut the
lid and play of the strings, the sound is strong and bold;
when I open it you can ligar how much it is weakened.

%!mse arcangements whiu: strenglhen or reinforce sound
are called suunding boards.

= LW

¥

L T lm:i.l.g-‘fn.-r.'.
. give 1 Why is Lks souad of
& luning-fork reiforeed when lhe
nsiriment is plazed oo a wioden

bex? — 3. What is iy, that in to
plang and vislin performs the oftice
of sounding boards?
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SUMMARY. — Sounp.

1. Vinratlons (p. 177). — Sound is always produced by the
shock of one bedy upon ancther.

2. Thig shock produces pibeations, which are transmilled to Lhe
air and thenee Lo eur ear. o

3. Yelocity of sound (p. 178). — In air, sound traved®-al the
rale of 1125 feel per secomd.

4. Bonorous vibralions can be transmitled to us by solids and
ligquids bedter even than by air.

5, Echa [p. 180), — Soungl can be reflected back from a eolid
or a liquid body, just as light is refected from a mirror.

6. This rellection of sound is whal is called an gcho.

7. Low tones and high tones [p. 180). — There exizl (#w or
grave lones, amd high and sharp ones.

8. The greater the number of vibralions, the higher and mor
acote is Lhe sound.

8, A sound it an octave higher than another when il-gi¥es
tivice Lhe number of vibrations than this olher soand gives.

10, Musieal instroments (p. 181). — There are stringed
instruments and todd instruments,

11. In stringed instruments Lhe longer the siring is, the lower
is the zound it emils; Lthe shorter the slring, the higher is the
gound.

12, Likewise in wind instruments, the longer Lhe pipe, the deeper
anmd graver iz Lhe soond.

13. Sounds are strenglhened by elastic plates of wood (as in the
case of Lthe pinno, the violin, ete.).

14. Dinpason tuning fork (p. 182). — The tuning fork is
generally conslrucled g0 as Lo give the o (806 vibrations per second).

AR page 232 n:;b]rttu of composition are given.]

V — ELECTRICITY:

147, Sound, light and heat have been known to ma
ever since liis appearance on the globe. Bul il is scarcely
two hundred years since he had any knowledge of elee-
tricily, although lightning had many a time madghim.
witness of its eflects, :

Lil, Friction develops electricity on the
surface of wax and glass. — Here is a stick
of sealing wax (lig. 58). I present the end of it to
little bits of paper, no effect is prdduced.
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* 4. Butif Irub it sharply upon my sleeve (fig. 59), the
little bits of paper are wistantly attracted, even from
>~ the distance of about a quarter of an inch (fig. 60).
If in this experiment a glass rod is used, instead of
the stick of wax, the same result is oblained.

'“--...._____:__‘ =2 Yl *\‘L_’ o
- e Ve Sy
. e . o
e s o | . i | T
- ¥ - Ze Rl —
: il S

Fig. 58 — | place the stick Fig. 59. — [ rub®he | Fig. 60. — It atiracts the
of sealing waz near Lhe soaling waz... paper.
paper : no resultf

2. Friction has then developed on the surface of the
X, and of the glass, a certain force, capable ol lift-
little bitS of paper : this force is electricity. Ahl

we are still far from the terrible lightning; but wait a

litle, we shall get to it. i

14D, The two staies of Eleciricity. — I will

; now show you something more curious still. With a

s thread t:lll'sﬁk I suspend to a sort of little stand, a small

ball of elder pith fig. 61). 3. I let my stick of seal-

[ |
#L T a, T a g S
[ .'I.a \@. i \\ = _-‘1“
e Sl | \;ﬂ
& £ .I. ‘-:u_'- J' "-'-rl H\‘H\_
2 et 1.:‘|

Fig, 61. — The litte ball of elder  Fig. 62, — The eider tree balthat fod

pith s repelled, a3 goon as it rem e wax is atlracted by the glass
teuehes the wax A, rod, biot a8 soom a& Lhe conlaet has
a Laken place it is again repelled Lo [,

ing waz louch this ball of pith, it having heen ireviously

vigorously rubbed. You®see the piih ball is ener-

_gﬁimh’y aliracted, just as the bLits of paper were, only

notsooner has the pith ball come in contact wiih the

stick of wax than it is yepelled to the roint A.  You
- &

"1, What bappens whao littls bits surfaze of the war and the glazs ¥
of paper are placed bear & sthek of | — 3 What bappens when a ball of
sealing waz thal bas been previously elder trea pith is placed nesr a
rubbed T — 2. What pame has bees slick of sealing waz, thal bias been
given lo the force develogped cn thy | robbed? -
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sea T ean drive it away in any direction, il I pursue it.
with the wax. +
1. I then immediately take up my rubbed glass rod
(fig. 52),and put itin the place of the wax. The pith ball *
that was repelled by the waz is altracted towards the
glass rod ; but in a short time it s again repelled, and
can only be attracted again by the wax. rE,'f"f—
9. This experiment would lead to the belief tiiat there *
exist two kinds of electricity, one given by glass and '~
the other given by wax.
3. For this cause the name of vitreous electricity
has been given to the [$rmer, and resinous electricity

to the latter.

4. They are also called, for reasons oo difficult fer you
1o understand as yet, negative electricity for the res
nous, and positive electricity for the vilregus.

All bodies thus emit electricity when rubbed, so
times negalive, sometimes positive; but ils exislence is
not always so manifest as when glass or wax is acled
upon.

150. Atiraction and repulsion. — Here now \
is a thick plate of resin upon a wooden  supporl
(fig. 63). [ rub it for a good while with a bit of

[
¥ o
: el
=k _r'..-
&
o e
| = ;\.
\' -
Fig. 63. — | rub the resin Wilh Fig. 04, — I fliace my fnger near it
a piece of weollen eloth. apid [ obtain lltle sparks, agd a
e elight erackling noise. i

woollen stuff. It then not only attracts light bodies, r;ul
also, every lime my finger (fig. 64) approaches i,
it gives off little sparks, thak spring from it with a

1. Wizt happens when a rod of | given to ihe electricity of wai] To
glass 15 placed mear a small ball, | the electricily of glass® — & What
that was repelled by the wax? — | other names are used instead of
2. What seomy e result from this | resinous and vilreous?
experiment? — 3 What pame i | .
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is real lightning in minia-

* slight crackling noise. This
the

_ ture, the spark is the lightning, the little noise
= thunder,

Suppose, that, instead of the liule ball of Pilh I hung

on the stand, [ had in its place put a ball of resin care-

~— [ully rubbed. 1. If the resin was placed near the ball,

. the tndder instead of being um'emfﬂe}' would be repelled.

- 2, If on the contrary, I held near it the lnvge glass
rod, the ball of resin would be attracted by 1.

= 3. Now if on the stand a glass bead were hung, it

would be attracted by the resin, and would fly from

the glass rod. i

4. From these experiments, delicate enough to Le
ropclitad, the two following laws have been deduced.
1. Two bodies charged with similar kinds of elec-
iicity repel each other.
. 3, Two bodies charged with different kinds of elec-
{ricity altract each other. ,

141, Conductors and non-conduclors or
Insulatlors.

See, with this stick of sulphur, after friction, I can
also lift up bits of paper. In dry weather you may even
draw electricity from your own hair, by lhe [riction of
the comb. Cals also, fnmj B0y, Cape- .
cially, emit electricity, and their fur
stands on end when stroked , even
cently (fig. 63), when the weather is
dry ot frosty: if this be donein the dark,
qquantities of little sparks can be’seen to
spring out from under one’s hand with
a slight rustling noise.

But things do not work in like
manner if | fake my iron rod. 5.
;‘am_r,f vub as long as 1 Jike, I can produce no mani-

ST
l\". \,'l ll.ﬁ-'p 23
Fig. 65. = Wheon cals

ara rubbed in dry

weather lhoy give
oul electrie sparks,

estation of the presence of electricity. 6. 1f, before

of glass? — 4. Whal laws may be
dedugced from thess experiments? —
5. L rub an iron rod and keep it o
my hand: by deing so, shall I be

1, What bappens when a large
piece of resin wlready rubbgd, is
placed fara small piece that has
alzo been robled ? — 2. What would

bappen i instead of the large pieca
of.resia [ plare a small plece mear
a wthek of robled sealing wax? —
3. What would happen if the liltla
piree of redin were replaced by®a bit

able to attrsct (e little bits of paper
to rise? — B And il | wrap some
folds of silk round the part of the
raler that Thohd, ghat teen?
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beginning to rub it, however, I wrap several times
around 1t a pieco of silk (fig. 66) I can sco the rod
o i give some signs of electri- -
ey L35 o5 city, thal is to say, I can
”‘“~)’ = e [ift with it some small bits
B of paper. —
Fig. &6 — Il I wrap a peeco of silk ‘[\’Eat does this in_t,iif:rfé'?"_ !
;'ﬂ’r"i H}’P;:’E';' tallrmciathe lile 4 Phis indicates thatbe- .«
fore I wrapped thesilk round
the iron the electricily as soon as it was produced passed .
through the tron into my body and thence inlo the .
ground ; whilst at presént, the rod being 1.1.'1'.'1.|r]!l|ed in b
silk, the electricity remains on the iron. But why was
silk meeessary to obtain this result? That is what }'wili
now explain (o you by an experiment.

I wil[| operate this time with a stiek of wax that has
not yet been used, and which you see cannot as y
attract anything. Very carefully and gently I rub the
extremity on my sleeve, the extremity alone (fig. 67)

Fig. 68, — Tha eatremity alone of my
of a stick of zealing waz on stick of sealing wax allracts the bils
my sleeve, .- of paper. There 1= no affect at A, The
Wax 18 3 non-cpnducior,

You see (fig. 68) it attracts hits of palynr and other light
bodies; yel ata very short distanee rom the end A no
effect whatover is olitained. .

2. Thus electricity occwrred enly where frictio
had developed it, and had % no means spread nver:
the wax. 3. For thisreason wax 15 said to be anon-cony
ductor of electricity.  We have already made acquaint=
anee with this term when speakipg abiout heat.

4. On the contrary when I produced nlch‘riaty by

*

1. What does that Imply? — | wis? — & How does electricity
1. In what way does  elsctrcily aflect an ron rod? — By wlal word
affect the waz} — 3. iy what word do we ezpress this properiy i iron ?
do we express (his aualily in ihe =
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rubbing my iron rod, the electricity immediately
spread itself over all the surface, lor iron is a con-
= dnctor of electricity. 1. Now the human body is also
o conductor, althongh less so than iron; =0 is also the
reound.  Therefore no sooner was electricity produced
in the rubbed part of the iron red than it Fnssyr! inlo
: J}];y_#tﬂﬂtf, thence to my body, and finally into the
=  grotnd,
2. As for the silk, it is o non-conductor. So in
< wrapping the silk round the iron, I kept in, as it
were, the electricity on the iron, and by dint of patient
rubbing, produced enough to allow all ‘the rod o give
manifest sigus of ils exislence.
3® To keep in the electricity produeed, is called in-
ulating a body. ~People use for this purpose : silk,
lass, resime, wax, ]mn:cllain, India rubber, all of which
are non-conductors. Woollen stufls, dry leather, dry
wood, are not good conductors either. On the contrary,
metals, water, and wet bodies, such as live plants,
animals and wet ground are good conductors of elec-

Lrieity.
152, DifTerent methods of obiaining clee-
teicity. — 4, 1% clectricity can be produced by frie-

fion; 2" by bringing an unelectrified body into actual
contact wit?] an electrified one; 3 by bringing an elee-
trified body near to an unelectrified one (without allow-
ing them to touch).
Thus we can got electricity. 1* by friction, and under
proper conditions; 2% by confacl! and 3e hf' induction.
1* When a body is rubbed it becomes charged with
a certain quantity of electricity, which varies aceording
to the nature of ke body, positive in the case of glass,
negative in thdt of resin
2 When a body is toucped by another body previously
%ﬂclriﬁud, the former becomes charged with electrieity
of similar nalure. In the experiment with the pith bafl
hung by a silk thread, the ball attracted by the wax be-
came charged with negetive electricity (that of the resin);

L. Erplain now, why the bar of | we express the setion of opposing
rubbed iron does mol attrast the | the electrieity produced?— & What
pieces of paper? — 2. Erplain why | are the different modes of electri-
the bar of iron wrapped up in folds | fyinga bedy? * o
of silk attracts them? — 3. Howdo
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but as soon as there was comtact, it was immediately®

repelled, because two electricities of similar nature repel
pne another,

grt Electrifying action. Suppose you have a bail

(fig. 69), charged with

j . positive Dlgclfll‘-ilj';_ﬂ.

o ® you put this balrEar

i ding on an insulaling
foat, the body B di-
- A vides itsell as it were

Fro . in two halves : that next
S S 1o the ball G becomes
—————" gharged wilth nfanve

Fig. 60, — Electrifying action,— The viel- olectricily; the other

= -
mity of the ball A, eharged wilh positive 2 i T
slestricity. brings juto G a negalive elec with posstive elect

tricity, and at I posilive electrcity. Git].". Tenee this b

: if moveable will Le ai-

tracted towards the electrified body, as eleclicities ol
differont natures are mutually attracied,

155. Power of points. — When a body capable
of beinga good conductor iselectrified, if perfectly round
(fig. 70}, the electricity is equally spread over all its
surfuce. 1l it be egg-shaped (fg. 71) the electricity

§ A
‘I

Fig. 70. — Electrieity  Fig. 71, —Inanrgg-sha Fig. 72, — lo a pody

is spread all over the ped body wleztrizily terminated in a pint
puriace in a ball, will eollect o.-'-I;-m:!]r il the eloclricily by
5,

al the twn end capes by that peigy,

will colleet especially at the two ends. 1 we suppose
the ¢ g—slmpeé body capable of being lengthened outas
this bit of paste can be, all the electricity will collect at
the two points. Were I to taper Lo a point one of the ends
(ig. 72, leaving the other round, all the electricly
would o o’ the point; the body would be unable to

retain any, all would run ouf as it were al the point.

another body, B stap- o °

=
"

-
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his is what is called the power of points. 4. It
consists you see in this, el o Bad iy chrrr!,w—n" wilh elec-
= ricity discharges Ffse'-l’l;" rapidly if° it s tapered off, or
merely il a pointed body be stuek in it or applied to it.
Of course the body must be a conductor of eleciricity
alee thy electricity would quictly semain where it was
- develaped, without being able to reach the point.
= Itz this power of points that allows lightning
conductors fo be of any wuse; and it is also Has power
# that causes the lightning to be altracted especially to
steeples and Lall trees such as pgplars.  We must exa-
mine further into this,

154, A Lightning coenductor. — We have
already secn that when two bodies are charged, one with
seative electricity, the other with positive, they are
tually atteicted.  When they come in contact with
sach-other, or even when they come pretty close to each
other, a spark passes between them, and their electri-
city disappears o they are said to be discharged [neu-
trafised would be a belter expression). More than this,
il the electrified bodics were tapered to points the dis-
charge would lake :
place with somuch
gase that il would ;
nal even produce - [ it
sperrks. . ‘ -

2. Thus when 2
cloud charged with
negative electricity
approaches the
carth { fig. 73}, #
electrifies by in?
plian e earth,
tose posilive
relricity as [ ex-

[zined o you a Fig. 78, — Electricily ghides gently toward ths
ittle 1.|'II'|'¢ ago, ac- rﬂg;;.ll:n ]fr:t:r::llbﬁ:;.m and from them into
ctomulates apon all
‘pointed objects. 4. Then if the cloud is not too
near, or if it is not too strongly charged, or again if

1. ln what conswsis the power of | approaches iho -earth? — 2. How
points? — 3, What bappens whewa | does elestricity afeft the eloud if it
cloud charged wilh negative electricily is mot too heavily charged 7



192 IV, — PHYSICS,

a shower has caused all these pointed objects to bie-
come bett:r conductors than usual, being wet, the elee-
tricity will i,rfr'u!':r gently away from the points in the %
first place, thence into the air and the cloud, which will
thus be neuwalised, ’

{. But il the clond contains a great rtl.‘ttltir.y of electil-——
city, or il the electricity of the carth has at its difposal
but an insuflicient number of pointed bodies to be able -
to pass away with sullicient rapidity, all of a sudden,

a spark, in this case a flash of lightning, springs
forth, sometimes proceeding from the poinl to the
clowd, sometimes from the eloud lo the point, as Lhe
case mav be. 2. This flash is what is vulgarly called
the thunder bolt, which strikes, in preferenec®as {}uu
koow, trees and spires, especially when they have
few tall objects around them. .

— Bul, Sir... — Well, what do you wish lo ;

(George? — Dat then, if you puta lightning eonductor

St o on the steeple (fig. 74) as has

=y *-=  leen done Jimm. thers will be

no escape possible, and the

lightning cannol fail to fall on

HE that long sharp rod? (uite

| right, my child. But do not

be afraid. Have you ever

i looked closely at this light-

Bl = nping conductor of the church

stceple? 1s there nothing
biesides the iron rod 7 — Oh!

15l g sf:  yes, there is a long iron

|ty chain, that runs dewn all

. along theabuilding. — And

' where does this chain fins =
Fig. 74, — [fa thirnder boll falls, it n]I? I have hoard say

Gl a4 i fasses down into a woll, 19

I do not know il that 15 triie,

or why it should be so. — Tt is quite true, and I will tell
you why it is so. . S :

When the cloud passes over the church, the water ol
the well, the iron chain and the rod of the lightning

L. What bapghess if the clowl con- | 3. Whal name fs given Lo this
tmins o great deal of electricity? — | dpark?
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conductor will always be in better condition to conduet
eleetrieity than any other part of the edilice, although it
.+ may be wet with the rain. 4. The result of this will be
that the electricity of the earth will always choose the
casiest path towards the eloud. 2. And if a flash
~ dogs spring forth, it will, in falling as people say,
. more readily take the road that offers least resistance.
= Electrieity is lazy or at any rate prefers avoiding diffieul-
ties to overcoming them. This is the reason why the light-
¥~ ning conductor will either discharge the electricity of the
cloud slowly and without fashes of lightning, orifthere
be a flash of lightning, the consequences will be borne by
the conductor itsell, that is to say, the rod, the chain,
and the%vell, so that the church will be preserved.
155. Two kinds of lightning. — Please, Sir,
%fghmingﬁ fall somewhere on the earth, at every
discharge of electricity from the clouds? — No, my
child. 3. There :
are flashes that
take place be-
tween the earth
and the thunder
clowd, and tl is
i such cases
that things on
the earth are
struck. &. Fortu-
nately, however, :
10, YOS ekgey Tt T R R T
lightning flashes .
from one eloud to another; one clond being charged
with positive the other with nagative elestricity (fig. 75) ;
these clouds distharge themselves in coming near
ach other. 5. Lightning {3 accompanied by a great
ofe called thunder, produced by the displacement
of wir. 6. This noise 18 prolonged by echoes rolling
from cloud to elond. The flashes that pass from the

1. What happess il a eloud charged What are the consequenses of this
wilh electricily passes over 3 charch | Kind of lightning * — 4. What is the
tbat hes o lightning conduetor? — | pecond sert of lightning? — 8. By
% What takos place when a light= [ what are thess sparks sccompaniod ¥
ping Qash approaches ths earth? — | — 8, Why does tifs poisa produce
3, MName ope sort of lighteing, —# | prolonged rollings ?
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earth to the eloud, produce on the contrary a sharp
ghort thunier elap. 47
A certain interval of time, of greater or less dura- &
liom, exists between the moment ﬁm lightning is scen
and that at which the thunder is heard. Could any
of you explain to me why? — 4. Sir, the lightning is—
seen as soon as it is produced, berause lighCiravels |
very rapidly. — Very well; and sound? — 2. Sound -
only travels 1125 feel in a second and is much longer
on the way. — Quite so, my child, and the knowledge ~
of this fact gives great lucility for measuring the
distance at which the lightning has been produced.
3. Count the seconds, between the lime you see the
lightning and the time you hear the thunder, o many
times 1125 feel as there are seconds, form the distance
which separates you from the place of disturbance. {

Production of Electricity.‘

156. — And now let vs return to the means em-

loyed for producing eleetricity. You can easily un-
Eerstand that it is impossible 1o oblain considerable
quantities of electricity by merely rubbing a stick of
sealing wax, with a bitof stufl'in one’s hand. The quan-
tity thus developed is of no other use than to afford a
little scientific amusement.

4. Electricity is produced on a large scale, by two
kinds of instrumeis, namely, electric machines and
rfrfh;c batteries or piles.

157, Fleetrie machines, — 5. Eleetric machines
(fig. 78) generally produce electricify by friction upon
glass, They are most frequently composed of a plate
of glass A revolving between two pairs of cushigps GO/
DLV, that press on either sifle of the glass and rib o
as it turns. The electricity, which is positive in fhis
case, accumulates upon the metallic parts of the machine,
so that when a large machipe of this description is

1. Why do we sea lightning &s [ that separates us from lhe point
go0n 33 il s produced? — 2, Why | at which lightnieg is preduced ¥ —
does an iglersal of time pasa bo- | &, By the belp of what Instrutieats is
twees the lighining aad thueder® — | electricity produced 7 — 6. How do
2. Huw con we measure the distanes | ®lecirlesischines produce electricily?
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= employed, sparks strong enough to knock down a man

3 ¥ .
b . may bo obtained ; these sparks are sometimes alout half
i * a yard long.
i b
-

'E&_E., — The rutrh':ng of Lho glass wheel A between he coshives COF, DD,
prodaces pesilive electricily, which aceumulates al B,

158. Eleetvic hatteries and piles are ofa totally
different nature, and work upon quite another primeiple.
| 1. You must be aware that whenever a chemical de-
composiiton, ur L0 use amore appropriale expression,
a chemical re-action lakes place, electricity is deve-
loped. Thus when, in the course of our [irst lesson on
chemistry, we made sulphate of iron, with some sulphu-

ri¢ acid and some iron, a cerlain quan- i
tity ol electricity was produced; only as T
* we paid no heed Lo il, il was losl. T R
In electric piles things are dispostad I

soas to gatheritin or condenseit. Pe- - 0 =
culiar dispositions areadopted aceord- “Sai— 7
ing to the chcmlunl_;enclmn chosen. Fig, 77, — Electric plls:
In order to "mive you a pretty The wire A toucing
x - G & i F EIVES
accurale ]EIEﬂ. _D{ lhﬂsﬂ pllca? Wi 1 gitive [:u:':t:rirllf t
it o very simple one belore you., B wire toucking rioc
e 1 e \ gives nejrafive electri-
Thrg very simple pile (lig. 77}, I am e it
going Lo consiruel lor yourinstrocllon,  of these lvo pales,
1s .similar (o the carliest pile ever Producing the elecirie
made, that invented by the eelebrated
Volta®. Sece, 1 pile up pennies, dises of sine, and
' discs* of cloth, all of similar dimensions, nrrangmq
. them as follows, a penny, that isto say copper,_cloth, and
A

1. Upcn what principles do ¢lectriz batteries work?
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zme.  When about ten of cach have thus been piled up, »
[ tie up the whole, dip it in some strong vinegar fora |
few moments, then wipe it and L'L;; it on a plate. This 7
done, two brass® wires are fastened, one beneath and one
above: onae in contact with the zine, the other with the e
copper. 1. The acld of the vinegar atlacks the.zingea"
chemical ve-action is thereby produced. 2. TheWire, A,
that touches the copper will give positive, whilst that, B, =
in contact with the zine, B, will give negative electricity.
3. 101 fasten togethier the two wires or poles as they are
called, an electric current will be produced, very weak
of eourse, but nevertheless olwious.
159. Effects of electrie carrent. — [ will now
show you several proofs of the existence of this current.
FirsT proor. Gome here, Henry, and hold out the ti
of vour tongue (fig. 78..  There, T have flaced the /ec&
el of the wires on il; n‘lﬂ-‘_}-uu
. -k :ﬂ? fecl anything? — Yes, Sir, a
| A saltishiaste. — Anything else!
S AN 4. Ah! a sort of shaking in
Fig. 75, — Heury fecks a slight I longue. — That's caused
Lrembling on his longue : phy- by the passage of the current.
!-Iu]uE:..ﬂ] elfecl. | i 5
II ipstead of this poor little
pile, Lemployed a strong one, you would be unable Lo bear
it on your tongue. Between your fingers even it would
feel painful, and would give you violent shocks.
Secoxp proor. Here is a mariner’s compass (fig. 79)

T

-

.
Fug 0= The r......:,,l.;l.l' II:.ultrlnzrint'_r‘ls Fig. s0. —t']'bu nltcflfd-hdﬁdum;w:ﬂl
compase pebs seli parallel  with inko gas {oxypen an 12) by
Lhe eleciric current. Chﬂjl‘zicb:ﬁn%,_‘_

Iba wires of the pile. Physical el
Tesl.

composed as you all know of a needle set on a pivol,

- -

L What is there in thie battery
wo have just comstructed thal canses
ihe eleclricily to escape? — 2. What
sort of eleciricily ecomes from 1he
wire A that Loccbeltbecopper ¥ What
sart of eleciricity comes from the wire

13 that touches the mine?— 3. Whnt
will bappen of 1 unita theso two wires?
— &, Name a physiological elfecl pro-
duced oo Lbe tongue by Lhe electric

carrenl.
[
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‘which needle poinis to the north. 1 lay the united
wires of the E]igﬁ 1.|an the compass. 1. Immediately the
needle deviates ad fonds to I,uu].::n: ilself al rvight angles
fo the wires of the pile,

Tump rrooF. This time it is a glass of salt water
{fig. 80}, that will manifest to us the existence of the
enrrepl. The two ends of the wires are immersed in the
water at some distance from one another. Be all eves
and pay great altention. 2. Do you see, that after a few
moments, little bubbles form at the end of each wire,
they disengage themselves and rise to the surface?
These bublles are the resull of the decomposition of
the water, produced by the action of the electric cur-
rent, & wo shall see herealler. X
. Fountn pnoor. Lastly, let us carry our pile into the

ark closet (fg. 811, shut every thing carefully so as to

.in complete darkness.
I unite and separale several
times the two poles of the
pile. 3. You can seeat each
contact @ small, very small,
sparf appear,

And so we have obtained
with our rough apparatusall
the effectz that strong elec-
tric machines give : 1. Ac-
tion upon the human body,

187

or p ays:'o?uge'r:uf effect ; Fig. s1. — A bl spark sppears, a1

8 aelion unpon the l'ﬂE].T.{TH‘lil] each *aunion and separation of the
‘ B iwo wires.

needle, :1.1.'={Ilm the production

of sparks giving light and heat, or physical 'cﬁ"ccf,
3. the decompositign of water, or chemical effect.
But with large batteries or piles very extraordinary
efleets are obtained. 4. A single shm:e: is capable of
rowing the strongest man into convulsions, or even ol
kelling him. 5. When the sparks are made lo pass be-
tween two points of carbon they produce the marvellous
& L]

1. Msntlos a physical efecl pro-
deesd by the electrie curreet en the
peedle of the mariner’s compass, —
4. Name a chemical affect produced
oo waler by tha "eleciric currest. —
3, MName a second  physical effect

praduced Ly the weion and separa=
tinn of the two piles of the balfery
— & What efect is produced by a
#rong pite vpon & mant — 8. Tell
me of Lwa applications of electrieily
Lo industry.
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and splendid electric light, which is now used to light
up our great cities. o .

{. By the aid of eleciricity, divers bodies ean be de- 3
composed and metals deposited upon other bodies, as in
gilding or silvering. And how manyother marvels might
I mention, but the ljst would be too long. 2. Amongst —
the most usclul applications is the electric lelegrapiithal
carries news all round the world, by means o1 a wire, »
along which electricity runs with a fleetness equal to
that of light; the felephone, that bears to a distance '
and reproduces the human voice, so that at the Exposi-
tion of Electricity, wilich took place for the first time io
Paris in 1881, people were ﬂIJiE to hear all that the
actors and singers said or sung in the great® Opera,
although at least two miles distant; the microplone also,
that amplifies sound so as to render audsble what wyls
imperceplible, to such an extent that a {ly walking o .
sheet of paper, makes as much noise as a horse prancing
on & sonorous foor. Ah ! itwould takea life-time to study
the halfl of all these marvels.

SUMMARY. — ELEcTRICITY.

1. Positive electricity. — RMegative eloctricity (p. 185). —
Frietion develops on Lhe surface of wax and of glass a certain force
ealled electricity.

2. Electricity oblained from wax is called negative electricily,

3. Electricily oblained from glass is called positive electricity.

4, Bodies charged with positive electricily repel those charged
with pdsitive electricily.

B, Likewise, hodies charged with negative electricity repol those
charged with negative clectricity, o

6. 0 e contrary bodies charged with pogitive eleclricily at-
tract Ladics eharged with negatipe electricity. \

7. Hence the two following laws @

L. Bodies charged with similar kinds of electricity repel ench
odfeer.

2. Bodies charged with electricily of opposite Eods adlract
eneh othes, - 3

B. Boddics that are good econductors, hodics that nre
had conductors [p. 187), — Il instead of rubbing wae orlg!::u

Tell me of t¥fa applications of electricity to l.n&l.tll.q.; 2. Tell me ofthe
telegraph. — O the telephone, =
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« | were to rob an tron rod, the eleclricity formed by the friction
spreads itsell over the rod, passes through my body and disappears

. im the soil.

= 9, In the coseof the wax and the glass it is e contrary @ the

alectricily remains just where the [riction developed it
40, 1L is said, for this reason, thal iron, the human body, the
- garth and water are good conductors of glectricity.
; = Tt Wax, glass, and silk are bad conductors.

42, In order tooblain any manifestation of e presence of elee-
tricity in the rod, L am abliged 1o wrap around it several folds of silk.

13. This process of thus keeping in electricity, by means of a
bady non-couductor, is called insulation,

14, Electrle sparles (p. 186), — When one holds their finger
aear a large plale of resin thal has widergone vigorous amd pro=
longed friction, small sparks issue forlh wilh a dry erackling noise.
This i%n realily & miniatore thunder storm, (he spark is the light-

. ning and the erackling noise Uhe thunder.

: 15, Bodiea egn be clectrified by friction, by eontact or by in-

gction (p. 184
. Power of points (p. 190). — Eleclricily concentrales ilsell
al theend of any pointed object, 5o that a pointed body which is a
gaod condielor discharges ils electricity atthe point.

17. Lighining conductors (p. 189). —This power of points, which
induees lighining so frequently to fall npon spires and Lall Lrecs, ele.,
is applied 1o the construction of lightning conductors.

18, A liglining conduclor is composed of a long pointed rod, to
which i3 altached a thick iron chain that descends inlo a well.

19, When o stormy cloud, we will suppose charged with nega-
tive electricity, comes near encugh Lo the carth, it altracts all the
positive electricity.

90, This being the case, one or the other of the two following
phenomena musl lake place.

1. If the cloud is not teo near, or if itds not too heavily charged
wilh electricity, Uhe electricity contained in the soil will glide gently
away lowards the point of the lightning conduclor, and tlknce into
the clowd, which will thereby ba neutralised.

3. If on the conjraPy the cload be heavily charged with electricity,
the gpark will spring between Lhe conductor and the clond, and the

himimr will be guided along the iron chain and disappear in
well.

* 24, Fortunately the greater number of Nashes of lightming pass

from one clowd to another, instead of passing between Lhe earth

and a elosd. .

" 22, Eleelric machines and eleetrle hatteries (p. 194). —
Electricity can be artificially produced by bwo kinds of instruments,
electric mackines and electric balleries or piles,

3. The machines produce electricity by friction.

24, Electrit batteries are made on the principle that whencver o

]

————
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chomical composition or decomposition takes place, 1 other
words, whenever a chemical reaction is obtained, be il strong or
weik, elestricity is produced.

25, Balteries give bolh negative and positive electricily.

26. On bringing logether the two wires which unite both
electricities, an efectrie ewrrent is oblained.

27, From this current, there ean be oblained physiological effects——
{a trembling in the tongue, eonvulsions, semelimes even—4 ath), .
physical effects (devialion of the magnetic needls, sparks, eleelric o
light), chemical elfecls (decomposition of water).

[Simple Subjects for eomposition are lo be found at nage 232.]

VI — MAGNETS. .

160. — Look at this horse-shoe shapedsprece of stee}
hﬁg. 82). To outward appearance it has nothing extr
inary about it. Dut see, if I present ils twd ends

Fig. 82, — A magnet. Fig. 83. — The peedle Mies ts the
magnel, and elings 1o it,

to a sewing needle (fig. 83), when within half an inch
ol'it, the needle raises jtself from the table, flies towards
the mstrument I present to it, and elings fast upon it;
a sharp shake is necessary to make it fuit its hold.

This piece of steel that ‘attracts both iron and steel,
is what 15 ealled a magnet. A

161. Attraction of iron hy the magnel. —
Here mingled together andespread out upon a ]a?_
are gome iron and copper filings, sawdust, cinder g
coal dust, and sand (fig. 84). At some distance abave

the plate I pass the two ends of my magnet., 4. See l
how the iron filings are attracted by it and firmily ad- L
here tait; whilst the copper and all the rest remain fuite |

still. The magnet attracts iron only.

1. What 15 the efect of the magnet | affeet of the magnel on copper, and
on iren Glings? — What is the | cefain other bodies?
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« L. The action of a magnetic bar is almost exclusivel
fimited to its fwo ends. You may observe thal wil
the curved part ol my magnet I can scarcely make

. 2 /7 e s
g T . I| { T it — E
L oo s D,
= T gt L S, SR
= N —
. Fig. 84 — The magmel enly atiracls  Pig. 85, = The curved parl hardiy
i irom., et ol all

the neadle move (fig. 85). 2. And this is the reason
why magnets are generally made in the shape of a horse
ghoe, %o as o be able to act with both ends at a time
162, Distant action of the magnet. —
Magnels, aseyon see, can acl al o distance, for the
dle moved while the magnet 5

was half an inch distant; and no- e o
iff
i

thing can prevent this action. In _ﬂ-.:;.‘{_d_\_ & L:':-
proot of this I place the needle on ™ d{" *11E

a sheet of paper, on a bit of silk, o 0 v 0 e otions
or on a pane of glass (Bg. 86). ° fhe mageel even a1 the
3. You can pass the magnel under oll:g:: side of the sheet of
the ohject thus separating it from 5

the needle ; notwithstanding the obstacle, the needle
faithfully follows the magnet in whatever divection
it takes, the intervening body being ncapable of
preventing magnetic action.

165. Magnetism by conlaet. — Let uzs now
rul the needle upon the two ends of the magngt, and
yring it near the iron filings (fig.87). 4. The filings are
immediately atirasted towards the needle and adhere to
it, thus you see*the needle has been magnelised by ifs
contact wilh the magnet, We may now separale the

—écdiu from the magnet, 1t will nevertheless retain its
pewer “of altracling the iron filings (fig. 88). The
needle has ilself hecome a magnel.

.Even nnfil lately this was the process by which all

1. Do all the parts of a maguetic | 3. Does the peedls follow the magnet
bar aecl in the same manner? — even when separated by glass? —
2, Why ore magpels generally made | 4. Can the oecdle in ils tern ba-
in the form of a horse-shoe? — | came 2 magaet? "How?

H =
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magnets used in physics were made. A picee of steel
was rubbed upon a previously prepared magnel; this
sufficed to magnetise the former lmmmlmtﬂlj. I say
s[ur-l not iron, for although this latter is very easily

¥ T
N )
W[
Rt
Al SR
f =y A Ty
{—..— . - wr’ e ':“"‘-
|l e s
1 .
Fig. §7. — The needle i magnetisad. Fig. 8. — The Lwo ends of the

Magnetism by contael. needla allra:t e filings,
magnetised, more easily even than steel, yel it {-!‘w&ﬂc;{‘

retain its magnelic power; when iron is quite pure, it
loses ils magnetism as soon as ils contact with the
magnel ceases,

1G4, Natural ma gneti. — What makes you look
go perplexed, Gcnry 'u.hen I say that magnels are made
by ru Jhlnn' a picce of steel 1.!.’11?1 a previously magne-
tised magnet. — Sir, I was wondering where the
firat rrn"uci carne from: it at least could not have been
maie ]w rubbing it nr-1m*_-,l nnul]rcr, since no olher
existed. — Ahl 1.1.1311 that bit of curiosity will soon be
galisfied + in faet, it 1.\;1; about this that I was just going
to speak to you.

All marnels are nol 'ul:Ilc:la] there exist also nafu-
val magnets. A certain iron ore called loadstone®
has the power of alteacting iron TlILS ore 18 'lhun-
dantly found in Sweden, and also in Asia Minor®, near

an ancient Greck town Maqnesin. Henee the na [
IEr

of magnetism was given by the Greeks to the pecul
properties of this ore. 'l)lllﬂ word is used, with ¢
same signification up to the present day. You un-
derstand now, master George,” do you not? " 4. With
naliral magnels, steel bars have been rubbed, from
them artificial” magnels oblained, and so on. Iu our

i. How wers the Brsl maguets oblained ™

:
l
q
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« days, people have other modes of arriving at the same

result. 1 will tell you of these in an ensming lesson.
And now let us pass on lo something clse.

1Gi5, Magneiic altenaction and repulsion,

— Here is a steel knitting needle. [ magnetise it by

. rubbing it with a magnet : it aliracls as you see the

“¥ron klings at both its ends. I gus-

pend it by the middle to. the stand

(fig. 89) we used in a preceding expe-

b - ritnent.  The kuitting needle moves

about, escillades as we ought to say,

and finally remains motionlesssin a

certain direction. L

Tlen, to one end A, of the sus- 4
pended needle, I presenl one of the T3
ends A’ of py magnel; the needle is !

. . Fig. 8% — The extremi=
ost evidently altracled. And in s of the two maguets
that fact there is nothing lo astonish  are aitracied or repel-
us. DBut wait a litle, wonderful 2
things are lo happen, oaly as they are somewhat com-
plicated in appearance, we will take the precaution of
marking A, A, at the ends of the magnet and of the
needle which attract each other,

During this time the needle bas become quiel again,
and has returned lo its primitive position. I present to
the end A of the ncedle the end B’ of the magnet.
Strange to say, the needle is repelled from the magnet.
We will draw back our magnet, and wait till the needle
gets settled again, ..

Let us see what will happen now if we put to the end B
of the needle [the one we have not marked), the end B
of the magnel : the allraction is manifest.  Let us pre-
sent the end A "the needle is repelled.

8o when we bring near each other lwo magnels, their

b _"-;mdd attract ar vepel ea® other (g, 89).
© ) Now in order to see clearly through all this, we will
magnelise two  kniling needles AA® (lig. 90] placed
alongside one another, 1. For this purpose IJ sol the
‘marked ¢nd of my magnet on the middle M of the
two needles, and gently rub them with the mugnet from
the middle to one of the ends AA', repealing this opera-

|
| AN
| ].,-'mdr—.
| B et

T —— WSS

1 L. What s to be done in ordes lo magnetise & needle by rybbing 7

-
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tion several times. Then I take the other, the un- .
marked end of the magnet (fig. 21}, and rub from the

i) (=
W=
) S S S oS

M A ti B L a
; = L
Fig. 00, — 1 several times rub the Fig. 91, =— In the E:UI'.&'I-':}' « FUD L
two needles from M 1o AA' the twi needles from M (o BO', -]

miidle to the end BB, the part of the needle that re- -
mained untouched the first time, and as in the pre-
ceding case, repeat the rubbing several times.
The two needles are now magnetised. To avoid confu-
sion we will put ink on the ends BB’ of the needles
{fig. 92!, then we will suspend one of them by its middle,

Fig 92— A' ropualses Lhe exlremity A,  Fig. 93. — The duck s altracled
but B attraets il or ropulsed sceording os one or
other end of the magnelised

needlo is presenled to it '

the one marked AB for instance. 'Weshall subsequently

see that if we present to the end A of the suspended needle

the end *A’ of the other needle, the end A 1s repelled; if '

it is the end B thatis presented, on the contrary A is

altracted. The reverse is the case ¥ the end B i
-
1
|
L
I

up?liari.

. Thus there are at the tus ends of one needle, o

to use the proper expression, at the two poles, lw ‘*
kinds of magnetisms, as there are two sords of elee-
tricity at the two ends of a body glectrified by induction,

or at the fwao poles of an electric machine, 1t is pers

fectly evident that there is the same magnetism at [ -
and B’ on one hand, and at A and A’ on the other.

1. Iz what de the twe eads of a magnelized needle dilfer 7
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« 4. Weean thus say that poles of similar nature repel
each other whilst, poles of apposile nalure allract each
other ; the rule is the same as that applicable to electri-

city.
EIunrg,' was aware of the fact although unable to ex-
—_ plain it, as his uncle brought lnm from town a small
metal «duck that floats on water und follows or flees
{fig. 93F from a magnetic needle according Lo the ena
presented to il; and this because in the Euuk'ﬂ Lill &
vece of magnelised steel is hidden. 1 asked Henry to
Lﬁng me his toy, hereit ig,and you see how very docile
the good duck 1s. .
166, Mariner's compass, — And now let us
relurns to our suspended knitting needle.  You see, of
its own aceord it ,ims set ilsell in a certain dircction ; i
I turn it aside, it oscillates a while and returns to ils
jq% position. Now mete in what direclion il Liurns.
2. One end points to the north, the other
of course to the soulh
3. The Mariner’ compass{fig. 94)
of which you all have heard is merely a
magnetised needle, only instead of being
hung on a thread, in which case the in- Fi% g
strument could not be easily carricd  themarinerscom-
about without damage, it is placed on ke e
a pivol, which allows it to turn freely -
inany direction. It is morcover shul up in a box with
a glass lid, so that nothing can harm it. e )
ILis quite superfluous to insistypon the utility of the
mariners compass, and the immense service il ren-
ders to sailors on the trackless sea; [or, as® every-
body knows, its_ needle, constantly pointing lo the
north, allows the tardinal points to be found under any
circumsiance whatever,
/It is however necessary %hat there be no other magnet
“or any mass of iron in tﬂn immediate neighbourhood of
tlfe compass, otherwise the needle would deviale * and give
fulse im!lic:u]nns. On hpard ironelad vessels, the regu-
_Iation of the magnetic needle is therefore no casy matter.
The compass has been used in Europe [or 4 or 5

sttraction and répulsion? — 2, What | the mariner's compass?

1. Whatare the laws of magnetic J when suspended 1 — 5. What ia
direction dees 8 magoelie needls ke
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l.!f'llllll'iﬂ.‘--, but it was known to the Chinese long before*
that,
167, Magnetisation by the electiric pile. —
[ have already told you that magnets are no lomger
exclusively made by being rubbed with another magnet.
The other process I.l|=L:|i alluded tois the lollowing : — -
i. And in order lo make the explanation as alttnettye
as possibile [ will make a magnet belore you..  For this
purpose [ takeanail AR (fig. 95) of wrouglhil iron ; around
¢ it I wrap some straw,
which 18 an insula-
tingbody, thentaking
one of the wires ( ol
the eclectric ple we
made a linle while

Fig. 95. — As scon a5 Lhe eleetric eurrenl s 350, Iwind it a gl'ﬂutﬁ
!-_.“,_'-.._‘-.I Lhrough |.|I:"'|'|'.EE.| the mail BA isma- many {imes ot
mmalaiad o e the straw. You'can

convince yourselves, that as far as at present, the two
ends of the nail, which protrude through the wind-
ings of straw and wire, have no attractive cffect on the
iron filings. 2. The things thus peepared, I bring fo-
gether at B the two wires GD of the pile, otherwise
called the two poles; e electric curreat passes, and
circulates around the nail; immediately the lafter is
magnelized and exercises altraction upon the iron fil-
ings.  When [ interrupt the éurrent, the iron filings
fall off; when I again allow the current to pass, the
filings cling once more lo the nail, and so on.

3. Thus we have made what 18 called an electro-
magnet, a word easily understood. Ours is of course
but a very weak one, for it can scageely lilt tiny iron
filings, Dut with strong currents electso-magnets have
been made capable of lifting and holding suspended
several tons weight. S

Electro-magnets constitute the fundamental part of e
electric teleqraph, one of the many marvellous applica-
tions of electricity. . .

1. Wha? sheuld be done in order | donein order (o magnelize tho pailT=—
to magnetise 3 nail by the pile¥ — | 3, What nams ‘s given %o irco thus
2. Yiur srraogements being com- | magaelised? %
pletod, what 1s new pecessary Lo be .
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SUMMARY. — MaGseTs.

i, Magnets and magnetlam (p. 200), — A magnet iz a
piece of steel which has the power of altracting iron.
2, Thiz power has been called magnetism.
3. 10 o steel needle be robbed by & magoel il manifests magnelic
v, powerh
- &, Thera are fwo sorle of magneliam, Just as there are fwo
sorts of electricely.

5. In a magnetised needle, il ene of ils extremilies or poles lake
one gorl of magnetism, the other exiremity will take the magnetism
of the opposite onder. '

6. Poles of similar nature ropel one anclher; those of contrary
natures attract each other. (The ruleis the sameas thal appli-
cable ® electricity).

. 7. The mariner's compass is merely a magnelized needle
1} pPlaced upen apivel, One end of e needle is constantly directed

warnds Lhe north.
8 AL the present day iron or steel is mognelised by Lhe action
of electrie currenls.  This is the principle of the electric lelegraph.
|Simple Subjects of composilion are to be foond at page 232,

VII — WEIGHT OR GRAVITATION.

Weight and Density.

'I
168, FPorce of geavily. — [ hold in my hand

a small stone and a shect of paper. I lut hath go at

the same time, and see, the stone has fallen straight

to the ground. Whilst the paper Noats and oscillates an

instant, but finally reaches the Nloor.  What I have done

vith these two bodies # might have done with any
_"illmr:s ¢ lel qo in the aiv, they would inevitally have
fallen to the ground.

[ will take the paper,and the stone in my hand once
‘more, ounly this time before I let go the paper I will
crush it up into a ball, as small and as ught as pos-
zible There look; this time the paper ball falls as
rapidly as. the stone, and both reach the floor at the
same moment. :
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1. This 18 one demonstration of the E{‘m:r that all®
bodies fall with equal rapidity ; when dilferences exist
they are solely caused by the resistance of the ate, -
which is greater or less according to the extent of
surface jn'r:s::nfrd fo i, the greater surface of course
offering lhe grealer resistance, -
Stand forward, James, and hold out your opeshanl™ ]
(fig. 96). Here is 2 small ball of lead, T willlet it fall y

Figl!‘. 90.—James:eThat = This time [ felt b » Al sir, this time you
oes nol hurl mo. = protiy smartly. » ham1 made my fingers
lingle, »

into your hand from the height ofaboul 3 inehes, That
does not hurt you, does it? — No, 8Sir. — Well, this
time [ will hold it a yard high before letting it fall, —
Ah! this time I felt it more smarlly, — Well, let us try
once more. This time I will get upon the chair an
let it drop from twice the former height. — Ah! this
time it makes my fingers tinglo. — Then that is cnough.
Now whal should we eonclude Irom this cxperiment.
2. We must most evidently conclude that the longer
the fall lasts, the greater foree il acqeires, or in other
words, the greater the distance through Yolicha fallin
bady has to pass, the greategis the rapidity atiain
And this rapidity, when the body falls Irom a grea
height, is 20 considerable thatone cannol sec it pass. Fg
instance, during the first second a falling body travels :
16 fects the same body, in 2 sheonds, passes Through
64 feet; during the fifth about 144 feet; and about -

1. Az all bodies [all with the sams — 3. What conclusion may we form
rapidity, hew s it, ¢hat a sheel of | [rom tbe falliog of bodies?
paper [alls less quickly than a slone? &



WEIGIT OB GRAVITATION, 208

*304 feet during the 10th second of its fall. And so

on, always augmenling its velocity more and more

< Thus, were you to jump out of the school-room window,

which is 34 leet above the level of the court-yard, you

would do yoursell no harm; whilst were you to fall

—_{rom the chureh steeple, whiel is 50 feet high, your bones
woutd, be broken on reaching the ground.

: 169, The Vertieal. — A body that falls to the
ground follows no capricious irregular course. 4. ITit
has not been thrown, it will always fall in a straight

ting AB (fig. 97) which is ;::-erpmzih'cu!ar' o the surface

-

Fig. 97. — Vertical lina AR is perpandicnlar Fig. 05. — Elring wilh lead
to the surfacs of the water. adapted for mazons.

of the water. 2. This line is called vertical. 3. In
order to easily ascertain the vertical line, a somewhat
heavy body is suspended to the end of astring ; the weight
of the body causes the string to hang vertically. 4. This
string with its heavy body is whalas ealled a plumb line
(fig. 98). :

170, Weight of bodies. — This time, James,
pray hold out both your hands, do not be afraid ; [ will
oot hurt you. 91 merely wish to put in one, A (fig. 99) a

piece of cork, and in the ojher B, a piece of lead of equal
%mensinns. What difference do you find between these

two bodies? — Oh ! Sir, the lead is much fieavier than
the cork. — Very well, but tell me what vou mean when
you sa;’ it,is ¢ heavierd ? — 5. Well, Sir, I think it is
-that I have greater dif ficully in keeping it from falling

. L. Whet direction does a falling | & Whal name b given toan insbrumant
body take® — 4 Whatis ita line of | eoustructed toslow this? — 3, What
descent ealled ?— 3. Jlow may averti- | is really meant when we say thal one

eal lise be essily ascertained 3°— | body is heavier than amolhor?



210 I¥. — PHYSua.
Exactly so. Al bodies fall with equal rapidity,”

but not with equal (‘w*rﬂ, You could hardly bear the !
fall of the lead ball, I dropped from the height of
2 yards a little while ago, whilst you might eatch this [

hie, - g
g I'/}-._\_ S | L. _.-\-]\!,D} ;,-/.,/_ [
e - Iy [ etk .
o, el gl
S =27 2 :

Fig. 99, — Bir, the piece of lead is much heavier than Loe cork.
-
¢ork in your hand without harm were it thrown from !
the top of the house, a body that falls with greater
force than another is said to be heavier, or weightier
than another. i
171. Density of bodies. — All this is nol

simple as it looks. Once more stretch out both hands.
This time L put in them a little piece of lead and a little

iece of cork. The lead is still the Leavier, isil not ? —

‘e Sir! — Very well, but now I heap on your hand a
greal many picces ol cork, until your hand is full. Which
is the heavier now, the lead or the cork? — Ah! now it
is the eark, but that is not astonishing, for it is len times
bizger than the lead. — Astonishing or not, that maiters
little, It is nevertheless true that the cork is now
weightier that the lead. What can you say to that?
— {. Ah! Sir, to beable to compare the weight of the
fead with the weight*of the cnr;:, it {5 necessary (hat
both bg of the same size. 2. Quite right. We will
then conelude that a body is * heavier ™, or*‘ weightier”
than another, or in other words tha} it has a greater
weight than another, when it {alls wish greater foree

than the other, whatever be ils volume : thus we s;:E,

a large cork is ¢ weightier " than a litde hall of leadhy
but when of egual dimensions one body is heavidr
than another, we may conclude that the heavier “is
¢ denser’', the lead then, is ** denser " than the cork.
But it is not anly solid bodies that have'greater or,

L. What conditicns oughtl two bo— | Lody is heaier or weightier than an
dies to present if we wish 1o compare | other? Whea 15 i said that cna
them? — 3, When is it said thsl one | bagy is denser than another 7



%

WEIGHT OR GHAVITATION 1

" less weight, greater or less density, here i a amall boule

1. A Tull of water{fig. 100) and another B, of equal size
full of mercury. Weigh them in your hands as you did
with the lead and the
pork. What a difforence ~— P e

s . e - T
there  is betwen them ! {Q L~ =y Ei
Anoao wonder for a cer- 3, R0 L b e
tain voltine of mercury 2Tl aStRe
is 13} fimes heavier i i iecniy

than an equal volume 0f Fig. 100, — The density of water A
waler or Lo use another  (weight of the =ame volume) being 1
i & that of mercary B is 13.5
oxpression, the densily i
of mercury is 13 § times greater than thal of water,
For ®nvenience sake, people have agreed upon taking
water as the standard 1n this malter, the densily of
waler then deing one, that of mercury is 13§ or 13.6.
.In like manner it is smd that the density of lead
iz 11.4; that of gold 19.3; that of iron 7.8; thal of ordi-
nary stone, 2.7; that of glass, 2.5; that of oak wood, 0.85
that of wine 0.9; that of pure® alcohol, 0.8,

Lastly gases also have weight, and different degrees
of density. 3. Air is 773 times less heavy than water;
yet it weighs something, for a bottle full of air is heavier
than one [rom which, by means of an air pump, the air
has been totally removed.

172, Balances, — You were casily alile o tell me
a little while ago, that the piece of lead was heavier than

a piece of cork of the same size, and s

this simply by weighing them tn o 15~

your handz; but that was because T LT |

the difference was wvery conside- || fl |

rable. You woudd not be able to || ' |
detect slight differences. Imosuch ||| S
agses you must have repourse to < [_‘f i
nstruments  called Balances or S —

Fig. 101,— Drdinary ecales,

gpales. There are several kinds ED, beamn.

of halances. ’l’imHiin|r|uilullt1 mast _ .
in use {fig. 101) are composed of a verlical * stalionary

- rod AD and a horizontal* movable® rad DG, placed so

that its middle be exactly at the topof the vertical rod.

1. Explain wlat is understood by | density of any other hodies. — 3. Ilas
the word density, taking for exsmple | airany weight? = Whatia the weight
water aod mercary. — 2 Name*ths | of air compared with thal of water?
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Atcach end of this horizontal rod called the beam of the
balance, two pansarchung.  When these pans and their
suspending chains are exaclly of egual weight, the »
beam remains perfectly horizontal®. So it remains if

an equal weight is placed in each pan.  But if there be
additional weight in,one pan, the pan containing the heg-— “
vier object will descend, e .

With such an instrument one not only learms if the -
two bodies have equal weight, but the difference between
them can also be aseertained.  For this purpose the body
whose weight you wish to know, is eompared wit
others of which the Weight is previously known, and
which are used as standards or umits. “The prineipal
unit or standard in the metric system is the gfmme,
the weight of a cubic centimetre of distilled * water,

175. How to measure the weight of ﬁﬂ“#
hodies. — See, I put in one of the scales the | 2
I desire to weigh, let it be this pieceof lead, for insfanee
In the other I add weights until the beam hecome alto-
gether horizontal. I have then only to add up these
wcngns to ascertain exaclly what the piece of lead
weighs.

The balance I described was the common rather old
fashioned balance, with the pans hung under the beam.
Many other sorls exist, bul we must leave aside the
ﬂclnﬁs of their mechanism,

174. How tomeasure the density of solids,

— Now il with the help of my scales and my piece of lead
I wish to caleulate this time, not the weight but the
density, of lead, I eould also very easily do so.

[ already know the weight of this piece of lead (we ]
ghall call 1 P). If I knew the wei El of a volume of
water equal to that of the lead [ wuu?d "but have to di-

vide ' by p and the proportitn i—:— would give the du:\?__

511.{ of the lead, =

n the first place however the volume must e ascer-

tained and that looks rather diffitult on account of the ir-

regular shape of the piece of lead. This difficulty will -
be easily overcome, by taking a vessel the capacily of
which has been measured, and on which different

measures are ‘indicated by figures: this vessel is what

is called a graduated gauge.’l pour in water until it
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“rises to the number 100, Then I drop into the vessol
the stone; the water rises to 160. What is the volume
of the stone, Master Paul? — Ewvi-
dently as the stone takes up 60 divi-
slons.
Now I koow the weight of the wa- l |
toritmt.fills up those 60 divisions of l—’]
{

—
]

the gauge; [ have thus the weiflily;

[ measured P directly, The density
. : ;

then is —, that is to say in short 11.4, Nz,

So the lead weighs proportionately. = --:p}f‘ii}
11.4 tines heavier than water. P
You seo that the density of lead 18 “'5f e water which

inferior to that of mercury. Strange was at 100, moucts
S = Lo 166, Lhe dilférance
_ Ynough it is%o see a piece of lead float  jogicates the volume

on the surface of mercury as a cork  ofthe lead A
would do upon water, :

175. HMow to measuare the density and the
weight of fluids. — 4. When we wish to weigh a
solid, nothing is more simple : we put it directly in one
of the scales, whilst in the other ,v__.__,
we add weights until we balance LY il
both. i

2, In order to know the weight | " |
of a liquid, we put it into a ves- |
sel and weigh both together; |
afterwards we ascertain what is |
the weight of the empty glass, [
and dcﬁunl ita weight from JII A0
that we found for the whole. ~— .=

3. Thus it js*we ascertmin
that mercury weighs 13.6 times y
heavier than a equal volume of Fif \0h T fer, (8 iy

aler; conse uunti_;.' ils density gas.
1843.6.  In like manner we fin
that the density of sulphuric ether is 0.7, that of water
being alwaws taken as stindard,

The weight and density of gases are ascertained in like
manner.

P —

L. What is the depsity of lead 7 } certain the weight of a liquid? —
Of meresey ?— 2. How do you 8- | 3, O a gas?
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In the case of air, for instance, a bottie full of air is
weighed in the first place ; then with an air pump which
will shortly come under our notice the air is extracted. =
The botile of course then weighs less, The difference is
evidently the weight of the air extracled, The volume
of the Lotle being known the density of the air is thus_—- -
deducted. Itis 773 times lighter than water, ,:-*”Fr 4 l

176, Relation hetween temperaiure and .
density. — When it is said that the density of gold is
19.3, that of mercury 13,6, that of air 772 times less
than that of water, it is necessary to specily that those
measures have been talfen at the temperature of 0° centi-
grade. .

Do you see the reason for this, Paul? Do yo# know
ila cutiu inch of gold at 0° will weigh more or less than |
a cubic inchat 100° centigrade? — It will always have the
same weight, for it will always bea cubic mneh. Youar€
mistaken there, my child. Listen to this. i

Here is thecubic inch of gold. At tha freezing point,
it weighs so much. If I put it in boiling water, 1t will
expand, as [ have already told you. Soitis nolongera
cubie inch, but & eubic inch and something over. Il
pare off this something over, it is quite evident that the
weight will be lessened. So at 100° the cubic inch
will weigh less than a cubie ineh at zero.

As liquids expand much more than solids. the diffe-
rences in their density at different degrees of tempera- I
ture are still more important, i

!

T )

But these differencds are nothing compared to those
given by gases, on account of their exeessive clasti-
eity *. Une given volume cenlimetres of air at 0°, -
creases aboul a third part of its Gk at 1000 So
the weight of a equal volume of air at 100° diminishes
a third part. ]
You can see by all this thtt it is quite ]ndi:!pﬂnm]:?»—-‘
wlhen speaking of the density of gases and liquids |
mention at what temperature they were measured.  And
to simplify things as much as passible, the tgntperature
of melling ice is always taken as a standard.  The only .
exception made is in the ease of water, whose densitly is
aken at 4° above zero. Thus, when it is gaid that a
eubic centimeder of water weighs so much, you must
know that it is at 4 degrees. #or, strange lo say, it is

.
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it the temperature of &° that waler allains it greatest

donsity. p 2 -
Now [ hope you all know with sufficient accuracy
what is meant by the weight and the density of a body,
v ©and that you are also capable of finding both out.
- . L
F Pressure of Liquids.

177. Outflow of liguids. — Let us go now
into the garden,and see what we can learn from the
humble water-butt. See 1 have"turned the tap at the
botlom and the waler gusles
forth, shooling out to a good m

|

distanee. I you put your
iand in the jet, you will find

it the water comes out =
s = ke d —
wil S little force. g \
=
1. As the cask becomes : \ it
emply the jet diminishes —=lr—==2i ¢ & &
in strength, from a (fig. 104) pig on. — As the essl Lecomes

it roes back to .!11 then to g, empty,tbe Eﬂbl comes bess and less

b slrong, and goes back from a to e,
and finally the waler would
fall alimoest straighi down. DBut you know all that, so
we will turn off the tap, as we sImI]] require more waler
in a little time,

Were I to ask you, Henry, what makes the water shoot
out so, what reason could you give? Sir,it is the weight
of the water in the eask, since thé more water thers is
the stronger the jetis. It is the water that pusbes.

17 The pressure depends npon s height,
— (Juite right, itis the water that pushes. But il is not,
as you might btlieve, the whole bulk of the water, the
quantity that there is in the cash haz nothing to do

—With the matter : it is its height that is important.
Mow let us return to the su!mnlmmn;i will there

demonstrate to you, with a very simple instrument, what

Lhave juit psserted. .

- This instrument, which I made with my own hands to

avoid expense, is composed of a tin tube AB (fig. 105)

L L turn om 3 tap plared at the i happens to the [0 when ihe eask is
boltem of 3 batt full of waler ; witat nesrly emply?



6 IV. — PHYSICS.
well corked at the lower end. I have pierced init a little”
hole, at i, corked also for the timebeing. At Al have
adjusted a second tube I) much narrower than the first, |
and the whole is filled with water to a certain height.
The instrument contains, as I have previously ascer-
tained, 60 cubic inches of water, 10 of which are in th
tube D. 1 now withdraw the little cork, and thé-wufer .
springs oul o a good distance, and reaches G, but itra-
}}Idl}'iﬂﬁl.‘.ﬁ strength and falls near the tube : let us measure
the distance, G. It is 8 inches.

I cork the little hole again, and instead of the little

Fig. 105, Fg. 100.
Wheiber there be 2 sinpla lube ALY, or 2 large funnel, the water tows Lo G,
# inches [rom . for it is not the quantity of waler Lhat influences the
fores of Lhe jet, 1f @& dts height thal is everything.

tube on the top, I put a large funnel D (fig. 106), and
{mur in water to Lhe same height as before.  [Por this

have required 300 cubic inches of water, 100 of
which are in the funnel: so you sce it conlains 10
times more than the litde Lufm. Goorge, when the
cork is taken out, will the water sprimf tp a greater dis- {
tance than it did last ime? — Yes, Sir, as there is In 1

the fupmel ten times more evater than there was i
the tube, it will push ten times harder. — Well, yo
are wrong there. But pull out the cork and judge or
yourself. Do you see, the waler shools no, ﬁnrrhm-
than 8 inches. ~ Ah! the jet lasts much longer becanse
there is a greater quantity of water: 1. bul it hasno -

apd a foopel, WHSL will become | tube?

1. | procure a simple tin tobe, I to flow lrom the Suitom of ibe lic
of the tet of water, thal I allew =
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Jreater furce than in the fivst case. You see, then,
[ was right in saying that height alone was tmpor-
< land.

¢ Here if another proot.

I have here a tube similar to the first, except that 1t iy

(]

lixe tirnes its length (g, 107); i
e - . e

. itcondalns but half the quan- f &
= lity of li:lm'-:l that was in the O e

funnel, This [ fix on my lin o =¥
tube, and begin to pour water
into i, But, bane, oul Mes he
cork O before the upper tube »
is hall fAlled D, _arltﬂ the jet
shools # a distance ol al leasl
Sinches. Whatean be the rea-
%’];;f this? W is, that the pres-
¢ of the waler was so strong i
that the cork was unable to sup-
port it, and yet there was less
water than in the funnel a little
lime ago. |
179, Measure of the
pressave. — 1. This leads |
to the conclusion that the pres-

sure of water on the boltom AN

of a vessel depeands only on ]

the height of the water. So, A 1

if you pour water inlo a vessel /';...'T_';__,""

(the bottom of which bias a sur- ' ;_:mij\\
face of one square ineh) unlil 'I: .

it reaches the height of one -_.,lj.- |
inch the pressure 4l exerls 1S Fig, 101, — The pressure has
equal to the weikht of a cubic Em“uuﬁ? 1::::!:" ii;'-"ﬁsgj'w:'{l;
ingh of water. If the wgler in the tubo than in the funuel,
red therein reaches Lho E*Mc::ltsfmn height CIb is much
efght of ten inches the pres- :
sure cxerled will be equal to the weight of 10 cubic
inches of"water, and thet whether (he vessel be tube
ﬁ!m'ned or lilke a funnel,
Very evidently if the bottom of the veasel presented a

1. Why has the jet of waler comiag from the fonnel nb more force than
that coming frem the taka} .

10
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surface measuring 2 square inches, the pressure would
be equal to the weight of 2 cubic inches of waler at an
inch high, of 20 cubic inches of water at the height
of 10 inches. Por naturally, each square inch of the

~—~——_ surface of the bottom supports on
. s own account an equal weight,

A very simple uxj:i:l'itﬂ&t‘l"'t‘ir?ﬁ
show elearly the pressture of li-
quids, and will give us at the
same me 18 measure.

[ take the glass of a cominon
Fump {fig. 108}, and put below it
a bit of cardbpard B, that fits
closcly against it, I then P:lungﬂ
the whole in a vessel full of water.
The pasteboard, which [ kep
close to the lamp-glass at frd

: by a thread, remains in its place
B ety sustainel by tha  Without any other help than the
vressure Lhe waler ezer- upward pressure exerted upon it
:‘:r;gfﬁ:,‘}hi':mﬂ:tﬁ; by the water 1o the vessel. i;‘Dl]w.‘.ﬂ
poured into (ke lamp- pour water into the lamp-glass.
e on hemme vl As soon as the waler reaches the
same level as the water in the vessel,
the cardboard is displaced and falls to the Lollom.
This perfecily indicates that the pressure exerted from
below on the cardboard was Equ.'JIJ to a column of water
having for base the opening G of the lamp-glass, and for
height that marked CA.

180, Influcnce of the density of liguids, —
Of course the greater the densily of a liguid, the greater
will be the pressure of 4 column of ll\istl'tquid. There-
fore it is evident that since the denshy of mercury
15 13§ times greater than that of water, the pressure
a column of mercury 1 foot figh will be equal to t
pressure exerted by a column of water 13 § feet high,

181. Equilibriam of pressurve. — Tuck up your
sleeve, Ghari_es, anil t_put your hand flat (fig. 109) at the
bottom of this pail of waier. Da you feel anything? — .
The water is very cold. — That may be, but that is not
what I want to speakabout. Do you'feel the water weigh
on your hand.— Nao, sir, not at all. — And yet do you
think it ought to weigh? — Yesy of course, for my hand
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< is at the bottom of the pail. — Here then is something

not fecl il.

new, the weight of the water is on your hand and you do

But in the first place, measaro how much the water
should weigh on your hand,
! wader ip the pail is 10 inches, and

The height AB, of the

* [ suppnse the surface of your hand “-”'.'_"_}_-——q.x
* takes ug; the space of 6 squarc in- k_-ﬁ\;;\l 2
ches. But in order to get on faster  Sr——" |

[ will caleulate in your stead. 4. 5o s
there is weighing down upon your —

hand a eolumn of water measuring

103 6 =00 cubie inches the weight

of whith presses down upon your

hand, and yet you are nol conscious
-

e

on. Fishes have been
found in the sea at such
depths that supposing the
surface of their body to
be 8 square inches, they
had to supportthe weight
of 20,000 pounds (fig.
110}). Twenty thousand
Bnuuds weight upon the

ody of a poor lish, and
yet il is not crushed, it
even bas no diffieslty in
swimming,

/This is very strange is
i not? And yet 1t is
qiite natural.

How eould the fish he
ceushed? The body 18
| composed of solids and

uppose now that a fish whose body
presents a surface of 6 square in-
ches swims 100 inches deep.
sure equivalent to the weight of 600 cubic inches, and so

— |
: _'-(‘-_'_‘t"u,j;,-':,,-
P =

Fig. 100, — Youn do not
frel the weight of 5 lbs
becamse  1he  waler
weighs equally on all
tha parts of your hand.

It has to support a pres-

— -
= A
= S = — =
(T —
- AP " J__“'“..g,
S -

Fiuﬁ_l 10.— The sl is Bot crushed because
thia pressura is exercised :q:nli;- on ol
parts of ite inedmpressible body.

liquids, and we have seen that solids and ligwds

I. You plumge your hard Lo (be
bottam of a pail of water, How

LY
would you calcolata the pressurs
exereised oo your hand?
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are almost incompressible, thence almost meapable
of being erushed.

— But, Sir ... — Well, what, Heary? say on. — Sir,
you say that solid parts and liguid parts cannot be
erushed; yet only yesterday 1 saw our neighbour the
blacksmith crush bis finger under his lammey. i
brnised part was quile in a pulp. It was horsibls, and — +
had 1o be eut off, .

That is sad indeed, poor man, Dut to continue our |
study, 1 must say that you are quile right to ask the
explanation of things vou observe, and I am happy to give
the informalion you Hoesire, These things are not casy I
for vou to understand, and yet you must understand them.
Give me your hand, and put'it on the table just as the
poor l:llﬁ.ii'ﬁmil]l had his on the anvil. There now; 1
will strike upon your finger with a hamnter, Dan't
afraid, I wil{’ only strike genily! Do you sce how<The
hammer acts. It strikes only on the upper part of the
finger, whilst the table is in contact with lim under part.
But on lhe fwo sides of the finger nothing touches,
or sustains them. — The flesh thus pressed botween
the table and the hammer, were I to strike foreibly,
would escape sideways, asa cherry stone would shoot
out between your fingers, and would thus tear open the
gkin; the finger would then be crushed.

But if there were all arouwiid the finger a resistance
equal 1o the foree of the Llow of the hammer, there would
be no erushing neither sideways nor endways, nor aliove
nor below the linger, And as this resistance would be
wantines only on the part where the finger is joined o
the body, in'that direction only would the crushing or
bruise Le able o exert itsell.  If, indis turn, the whole
Lody were complelely surrounded by resistance cqual
to the force of E{m stroke of the hammer, crushing could
tale place in mo direction whatever, and the body Lnir[ir
incompressible there would be no bruise. S

I make allusion, of course, to a body in which there
is no gas, mo air like that %e have in .our chest,
which 15 very compressible indeed.  We should bie soon®
crushed to death, were we o be plunged 3000 leet under
water, leaving drowning ont of the question. Ounly what l
I have just shid will allow you to understand how a
fish is oot crushed to death in'the waler notwilhstanding
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. the enormons pressure thal sometimes hears upon its
' = bady. 1. For the pressure exerts iiself, ecactly in the
L same proporiion afl over ils body, so thal there i3 no
ot peason why aiy particular part should give way and
+ be crushed,

. ®- _+ Pressure of the Air.

152, Atmospherie pressure. — [ have insisted
om the case of the fish, beecanse we are in a similar posi-
tion, and like it pressed on all sides, bearing on our
body a prodigions weight that no More erushes us than

y water crushes the Gsh. Only this time it is not water
] with whfeh we bave to deal, 1t is air.

92, Indeed, air weighs on us just as walerw eighs on

e fish,  Andsthis weight, ol which ;J;ml take no heed, and
nder which you run and leap so lightly,

may be estimated for you children al .

abont 20,000 pounds. '

Here is a very simple and amusing
experiment that will give you an idea of :
the pressure ofair. Itakea wide-nocked = \
hottle, and a hard-boiled egg (fig. 111) _
the shell of which has been carelully |
taken off. You see the egg fits niccly
into the neck of the bottle.  Bul we will
pot leave it there. [ see you think

this a very funny and not very scien- F'5 Y4750 3

ol the botlle di-

tific lnoking experiment.  But listeriand
observe, and you will sce the experiment
has more importanee than you might at
first ymagine. _ » ;

I now introduée into the boltle a bit
of burning paper. When ghe paper is
alhpost eonsumed, I replace the cge on
the'neck of the boitle.

lated by the heal
of the paper has
maile a vieaomin
couling. — It was
then that the a1-
maospherke  pres-
sure pushed Lhe
rlzg inle Lhe bot-
Ll

. o
Wait a little now; you sce the

epg is sucked gradually down, and then all at once

enters the hottle with a lowd re)]mrt.
it in? Simply the weight of the air.

What has pushed

1. Why 18 & fish sel ersshed a
the water? — 9. What is the pros-
sure thal air ezercises o cs? How

sura bo be?

greal wonld yoo suppose Lhis' pres

] L]

b

s
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And how? You now know enough of physics to fol-
low and understand my explanation.

The burning paper heated the air gontained in the -
botle. The air expanded by heat, found no longer
sufficient room in t]hr: bottle,” therefore a considerable
q’unutily, perhaps one half was expelled and mingled with-
the surrounding atinosphere. Al that momenttlpraced
the egg on the neek of the bottle, completely stopping
up the opening, When once the bnu]]c was a liltle
cooled, the air it contained fended to return to ils primi-
tive volume, which the heat had doubled. 4. In that

o conddtion it no longer opposed suffi-

i cient vesistance to the outward ilnrl:a.--

sure of the air, so the eggesolt and

[ easily lengthemed out, being unsus
I tained from below and,pressed upo
Il from above, gave way under the e
|

of the external air, and was (herchy
pughed into the bottle,

183, The measurement of the
weight of air. — Another cxperi-
ment may be made. Here is a glass
' tube about 3 feet long (fig. 112], 1t is
]I . solidly closed at one end by a cork
.:F'! well surrounded by sealing wax. 1 fill
btV this tube with water; then with my
il ﬁn_gcr Lstop up the open end, and invert
- AL itinto a glass filled with water. I with-
VS draw my finger, the fube nevertheless

] remmns full.  The water does not fall

- into the glass, bt remams as sus-
Fig. 112.—The ke pended, 3 [vet highin the tube.
A Ofet © What can thus suglain it? 2. The

of water, and does pressure that the afr exerts upon the
not empty itself in f,

the gl — u surface C E,I" the waler in the glage:
wauld be tke sme and consequently upnn B at the under
ﬁr:,:ﬂehfgﬂf "% gurface of the column of water, but il
: cannot on accennt of the cork exert jis
foree on the upper surfaceatA.  The proof of this is, that

if the eork be taken away the whole contents of the tube

1. Wiy does an epg sink in a bottle
in which a veeoufn has been made?
= 3. I place in 2 glass of waler a

tube full of water, the water does mol

run out. What prevents it ?
-
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will run out and pass into the glass, as it 18 casy to
show you.

o If the tubs were 2, 4, 6, 8, 10 :,':u'ds long, the result
would be the same. 1. But were it longer, 12 yards for
instance, we should find that the water poured into

itwould not stand higher than about 34 feet alove

Fhé\ggu'ﬁtr}c of that contained in the vessel tnlo which

o the tubeis plunged,

2 This very evidently shows that the pressure of
the air, or to use the expression en-

_ ployed in physies, the barometric Pt

¥ pressure is capable of holding in '

equilibrium a column of waler 34 .

fect lish. a0
But 1t would be no casy maller o f’%
onstruct or to handle a gfﬂﬁs tube of it
is dimension, and I do not think in ]
schools, at all events, experiments will &

ever b made with such instruments.
In fact there is no reason why this
should be, for we have a better way of |
going to work. -

154. Barometer. — We have as |
you will remember at our disposal, an-
other lignid, mercury, whose densily

is above 13 imes grealer than that of . |‘,
water. Itis then easy lo conceive that Lt
a column of mercury 1 foot high, for ;M:

instance, will be the same waight

as a column of water of the same FiE 11l — & columa
diameter and standing 13.6 feel mﬁ:“;i.{,‘f;’, e
high. Therefore, ig Lave the equivalent !he ““"“-*P.‘“Ei‘ g
weight of a calumn of waler 34 feet ke iE b
g I

fch a column of mercwry ni'ﬁajl'-h;- = 2 fect 6 in-
ches would be required.

A tube of this dimension is manageable, and wo will
forthwith set to work and see if our caleulution gives us
. the result we expeet. I will take the tube we were
using & little time ago, and in order to be sure of the

1. If my tubé full of water had | hove happened 3 — 2. Whal does
peen twalve yards bigh, what wquld that imply?
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stopping of the upper end T will close it (fiz. 113)
by melting the glass in a strong flame so0 as 1o fuse
it up. 3
There, it is all right, and the tube cooled. I nowpro- - |
eeed to Gill up the tube with mercury, and, as [ did a
little while ago, will stop l11|. the opening with my finger
and immerse it in & glass I} containing also some 7
enry : immediately, some of the mercury rung ol of the

-

tube, so the column sinks and stands still at a cortain
point, Hold the tube ereel, Henry, while I measure at '
what height the mercury stands above the level of the
mercury in the glass. 1. I find il fo be 2 feet 6 !

inches, just what we found by ealenlation,

2. This tube full of mereury is whit is calledea baro-
meter, from two Greek wnrfiks, baros weight, metron
measure,

{85, Relation between the hefght of
haromeier and the altitude® of placess— 3.
If, instead of making the foregoing experiment here, in
this low lyin% country, we had gone to [ill our tube with
mercury on the top of some mountain, the colimn of
mercury would not have stood so high. At the top
of Mount Blanc (5243 yards) it would have fallen 1o
16 inches and a hall. frl the Balloon ascent of the 15
April 1875, in whieh two Frenchmen, Sivel and Crocé
Spinelli, lost their lives [rom asphysia, at the height
of 9370 yards, the mercury fell as low as 10 inches.

4. And this is quite easy to understand, since, evi-
dently the higher one rises, the less air remains over-
head ; consequently the less the air presses down, the
less potver it has to sustain a column of mercury.

Thus yon see that the height of the harometer 1s not
the same in all parts of the world, ~ Desides, it varies
in a given place according to different cir:nmstuncgs,
especially in unsettled weath®r. 4

136, Yalue of barometrie pressure, — [f ‘i‘;:_‘
then consider that the mean pressure, al the level of

w a
1. [ raplace the waler by mercary, | if instead of Blling the tobe in o
tow high s colomn of mercory ean | low lying counley, it had been fEled
the almospheric pressors suetain ¥ | on the sommil of Mooni Blane T —
Why? — 2, Whet name s given | 4. Ezplain this diminclion in the
1o an jostrument thus constrocted T | height of the barcmeter.
— 3. What wonld bhave happened
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**  the sea, is able to support a height of 2 feet 6 inches
. of mereury, or 34 leel of water, we must eonelude that
each square inch of surface bears a barometric pres-
«  sureequal to the weight of about 15 lbs. This is what
s genecrally expressed by the words an atmosphere

u]?}r_a-.::-w ra,

et us apply the knowledge of this [uet to the experi-
ment we wade with the bottle.  The beat had expelled
ibout the half of the air ; therelore after cooling, the egg
was pressed upon Dby all the weight of the ui:-,E;.' awhole
atmosphiere, and was upheld ]?}'. only falf an atmo-
sphere, that is to say thal the tolal pressure was hall
an atmgsphere, of 74 lbs to every sgum'e inch of the
surface ol the opening of the bottle, evidently much more
than was necessary to push the egg into the boutle.

t has been®calculaled that when the air is heaviesta
man of average stalure sustains a weight of about lifteen
tons, which he does not even feel for reasons similar
to those applied in the ease of the Lish in connection
with the pressure of the water. And as the air is, by
the mouth, in communication with the chest, we can-
not be crushed. When one ascends to the top of
Mont-Blane, the pressure is about 81bs. per square inch.
Ilut that doos not maller, since everylhing is in equi-
librium, and the difference is quite unfelt. The dis-
agreeable sensations and weakness that overcome
travellers on high mountaing arise from another cause.
[ shall bave a word to say lo you aboutl this after-
wards.

And now I hope you all understand weight, den-
sity, and pressurg.  You should also know how 1o
measure them, whal a balance or scales are, and also all
aboul the barometer. These notions are all most im-
rtant and if you have proferly understood them, many

ficult things will be but pastime for you.

187, Balloons. — As [ already told you at the
Leginning of our lessops on weight, all bodies fall
lowards the” ground, unless something keeps them up.
[ shonld not have been astonished had some of you inter-
rupted me at that moment, nobody did so “however.
I must not allow those statements to pass without saying
something about the litdg air balloons bought for chil-
dren {lig. 114}, and which have fo be held by a string 1o

118,

[l
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keep them from flying away; you might also have
mentioned _the real large balloons (fig. 11%) that rise
in the air and are able to carry away in their cars

@} ; _',**‘1 3

- _,_'r\

[ e i

e

| || L i
L - .. 1“'
" - 2
@ (A
el

Fir. 114, — Thosa little Fig. 115. — Large hal- Fig. 116. — The cork

batlgons are flled with loonscontain the same lel go in the water
3 gos lighter thon air gas thal is pzed ifor mounls o the sur-
(hydrogen). lighting tho slrects, lace,

houses, ete.

several men. 'These arc exceptions, are they not? Well
o, they are not exeeplions,

Do you remember anything else that rises when let go,
instead of sinking ? No, noLEing at all. George, come
here to me; take thig cork, put your hand down with it
to the very bottom {fig. 116] of this pail of water, and
once dere letit go. — Ah ! Sir, it is not worth while, I
knawvnri,' well the cork will come to the surface. — O
you should have thought of that imMediately.  Yes, it
will come to the surface, but for what reason? :

Which is the less dense, tae cork or the water? — "
cork, since it rises! — Yes the cork is less dense thgn
water. Thecark then weighs less than an equalvolieme
of water, that is to say, it would fall with less force. In
consequence, if you let it go®when under water, the
water immediately above it will fall with greater forcé
than the cork can, and so going below the cork will
push it upwards. And this will go on, until finally the
cork comes 1d the surface.

Let us make the experiment, but with a slight alter-
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+ "ation. Belore putting the cork under water I stick into
it a pretty large nail, there now. You see the cork
- comes up, nail and all. But if T add another nail, and
i let the cork go mid-way between the boltom and the
| - surface, it not only does not rise but sinks slowly
) down. . "’
. Well, it iz just the same thing with the balloon.
« L. Theballoon is a kind of bag containing gas, lighter,
fess dense, than air.  Somotimes il is heated air, some-
times the gas we burn. The balloon rises through the
air just like the cork through the water ; and as the
latter was able to earry along with it a nail, the balloon
ean earry with if a car and men.
Yowsee you can understand this very casily, it scems
juim simple to you. Why? — Because you E:u

b » SiE ow whal
ensily 18. o

)N 136, Application of the principle of atmo-

[—H— spherie pressure. — [ can show you anotherapplica-

tion of the principles we have learned to 1:nd.cr51anc{. On

the surface of the water in my basin T (fig. 117) I puta

= Hi
Tty i [THIL

o=

Fig. 117. — The burning paper has Fig. 118, =— The water which filis

q_rmlmd a vacuum o 1he glass, Hie glass 1% maintaioed by atme-

his space, Lhe waler occupies, epherie pressure, thal acls on the
belng pashed by almospheric pres- waler in Lhe basin.

sure, and mounts a8 high as AR,

l iece of cork,anl on the cork a piece of burning paper.
hen, over the cork and the paper Linverlan emply glass,

. ' which I push gently dowa into the water ; big bubbles of
H“,glir immediately escape from under the glass, and the
paper ceases to burn,  Soon after, you sce he waler

rise in the glass so as to almost fill it up to AB. Paul,

‘can you *explain this? — Yes, Sir, [ think so. The

* paper, burning under the glass, heated the enclosed

air and cansed it to expand, so that all of it could no

—

L. Why cap ballocns rise inthe air?



R IV, — PIYEIUS.

longer remain in the glass, some eseaped in bubbles ;
then the air cooled down and contracted, allowing the
water Lo rise in the glass and [l up the space left vacant.
— Very well, but what forced up the water? — 4. The
atimospheric_pressuve that weighed upon the surfaee
ol the water in the bagin.

Now look here, Lineline the glass in the wate? so7as
to fill it. 1 then Lift it (lig. 118}, and yet the water does
not fall, how is this? — Sir, you have made a sort of
baromeler, and the water remains in the glass for the
some reason a5 lhe mercury io the tube of the barometor.
— Al very well answered.

189). Cupping glass. — Again [ resort to my
glass, which has already helped me to show fou so
many wonderful things. This time I light a picce of

paper in it, then I apply the mouth of she EIMSU{L;(

my arm (fig. 119] being sure that the edge fils nic
on the skin all round. The pa-

e

‘1
!

ks =i
Ylgewy  fiiin]

i

A

=l A

FIE. 119, — The burning paper
15 Pm-}urcd a vacuum i
the glass. My skin pressed by
almasfhnrkpressurmsaurlc.l
iole the glass, so as in part
1o 01 ap the yaenwm,

goon as the air gels in,
what ha
ment,

per immediately ceases to burn,
and in a fow minutes my skin
swells out and is sucked into
the glass. It holds even very
fast, and Ishould have great dil-
ficulty if [ wished to pull it off
al once, but if T disengage the
least bit of the edge it comes ofl
quite easily, and altogether as

You sec clearly that this is just

pened with tht waler in the preceding experi-
- The heated air has been expelled from the

glass by expansion, and when what remained haid
cooled down, s confraction formed in the glass a
partial * vacuum " which the skin weighed upon by
atmospheric pressure tended gartly to fill up. 3. Thi%
last experiment was once mutﬁu used for medical pur-
p?sas, the glass in this case takes the name of cuppin
L (183,

190. Pumps, — See here is a litle ear syrinee, full.
of water. Lhold it vertically dipping in the basin, and
empty it by pushing down l)hu rod. Then I slowly draw

1. What eacses =ater to rise ina
glass in which a vacuim has bees
made? — 3. Why dees the skin ia

part N1 up a glass in which a va-
eunm, has lesn made? — 3. What
name do doctors give this eperation?

+
s

-
L]

"



* piston fits well, and the atmospheric pressure ewerts
tzelf on the surface of the .
water in the basin. This @ -

walgn is on the same principle w0
as the~harometer. — Well. s

= And how far conld the water
thus rise in the syringe? —
To the top. And il the
syringe wore several yards :
long. — 2. Siillto the top, siv, 1.
untless the syringe svere lon- :
ger tha®?t 33.8 feel in which
gase atmaspheric pressure
ould ot b slrang enough.
Quite right, my child,
— Wow the whole “If.‘ﬂr}' of Fig. 120. — Tha waler 10 the basin
- = ! : under the a.lnn'.--]-'llenr [ressure
pumps is contained in What  rises in the Title ear syrnge.
woe have just seen. True,

I there are many kinds of pumps, and their action seems
somewhat complicated; m reality however it is simpler
than it looks, lor all pumps are merely syringes more
or less improved and perfected.

.
WEIGHT OR GRAVITATION. m
: I;P the rod again (lig.120), what is the result, James? —
Thewater vises in the syringe, — Why ? 4. Because the

I FLEFHL = Purumatic maclines serve  Fig. 123, — The waler stops at &,
il oxhaust from a vessal A, nol waleny “,-f‘“ the same level a5 in Lhe
L air. ik

3= Amongst these pumps, one is very curious and is
uged o exhoust from a vessel A L{ﬁg. 121, not waler
bt air. "Fhis is what is called the awr pump, or
pmewmalic machine, and with its help most curious

| experiments can be made,

& —

1.Why can we raw in waler witha | length asyringe can have?—3.What
epringe? — 2. Whal is ke greatest | ia tie mse of pneumalic machines?
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But before leaving physies, I have still something
wora o say lo you.

191. Level of lignids. Letus relurn o our water-
cask in the garden, which you remember we lefi hall
full of water. Laffix to the tap with a hit of india-rubber
tube, the long glass tube (fig. 122) with which w¢ madea= |
barometer and which this lime | have opencd at bothiends,  *
There now, while I hold my tube vertically alongside *
the cask I will open the tap. fieorge, what will the water
do? — It will rise 1n the tube. — How high? — I think
it ought fo rise to the same height as that in the water
caslk. — Quite right. Sec the tap is open, and the water
rushes into the tube: il slops al A; exactly the samie
height as the waler in the cask, or as people“say, on

a level with it.
4. Thus water remams al the same level in all Eg{
sels conumunicaling with each other. This level 1

perfectly horizontal®, and the plumb line which is ver-
tical®, falls quile pcrpﬂndict]larf}' upon it.

192, Fountains., — 2, It is to reach the level of
the reservoir I (fig. 123) placed on the little tower, thal

¥ig 123, — The waler rises mearly Lo the !Lel,Ehl. &l the water 1o the
reservoir B

° b
the water springs out of the fount=in in the squird's

garden. It cannot however quite reach the height of the
reservoir, because the air offprs a cerlain resistamce;

1. A tobe 8 puc in commuopica- | calion of the power possessad by
tion with a cask  full of water, the | water, of Anding the same level in
tobe iz held vertically, what will nduils that communizate wilh sach ;
take place ¥ — 2. Mention an appli- | olher.
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but if a tube were placed upon the mouth of the fountain
the water would rise exactly to the proper level, as it
did in the tabe fastened to the tap of our water cask.

-

TSUMMARY. — Weleur oR GRAVITATION.

i, Graviialion or falling of bodies (p. 207). — All bo-
dies fall with equal rapidity.

2. When apparent differences exist, they are owing Lo the resist.
ance of air.

3. The greater the, lengih of lime a body falls, the more rapidly
does it Mas= through space.

4. A falling body always follows o straight line called the ver-
tical, which is perpendicular lo the surface of waler,

. The plumieline shows the vertical dircction.

6. The weight of a body is the pressure it exerls when kepl
from falling.

7. Density (p. 210). — The density of a body is the weightl of
a given volume of Lhis body as compared lo thal of a like volume
of waler.

§. The densily of water then is said to be 1.

8. A ziven volume of mercury weighs 13.6 limes heavier than
an equal volume of waler : ils densily is said Lo be 13.6.

10. A given volume of iron weighs 7.8 times heavier than an
equal volome of waler ¢ ils density i2 then 7.5.

44. A given volume of selphuric cther weighs 0.7, laking waler
as Lhe standard : its densily 15 .7,

12, In order 10 ascerlain the weight of bodies, balances or scales
are usedl. =

43, In order to ascerlain the density of a body, the weight of *
the body must be divided by the weight of an equal Yolume of
waler., .

14. The density of a body diminishes when its lemperature is
ritised, beeanse the body expands.

_.,."": 15. Pressare of lgoids (p. 215), — The pressaree a liguid

xerts on the bottom of a vessel, depends enly on Lhe density of [he
lrquid and its height in the veszel.

46. A tube containing a liguid may have an equal diameter from
Aop Lo bottem, or it may ke widened oul like a funnel, the pres-
sure on the bollom will remain unallered.

17, A fish whose surface measures G square inches, swimming
100 inchies deep, supports, caleulating by the above mentioned law,
a pressure equivalent to the weight of 600 cubie inches of waler.

18. The reason why the fish s not croshed i, that it is equally
pressed upon io all direclions at once, and thal the solids and



cannot be erushed.

0. Pressure of ole-barometer (p, 221 — Air weighs .
wpon us just as walee upon the fish

20. The pressure of the air can sustain a column of wale
33.8 feet high.

21 For greater facilils, meveury is gsed instead of walge, mas—=
cury being LEG times more den=c than waler, The heizh LA 5 co- ]
lann ol merenry kepl in eiquilibeium I.}- atmaospleric pressore will -

then e 156 limes less; (thal is 2 feol 6 inchics. Barameters are thys 1
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-
liquids that compose its body are incompressible and consequently .

e,

22, The height of the eolummn of mereory diminishes, i it be ca-
ried Lo the summil of some mountain or laken up in a balleon.

23. Itis under the inluence of almospheric pressure that liguids
rise in pumps, siphons, ele. .

24. Communicating vessels (p. 2300 — In vessels (fal com-
municale with one another, the water stands al the same level in

all the vessels. i
25. ILis in virtue of Lhis principle thal the waler of a reservod

in an elevaled position, afler bhaving descended, rises ngain 1o its
former level, be it in the form of a fountain or projected by a
walering pipe.

SUBJECTS FOR COMPOSITION.

1% composition (p. 148). — The three states of bodies. — The
three slales of water, of zine. — Are gazes easily compressed?
— Application to afr. — Can liquids and solids be easily com-

prisesed ¥
¥ eomposition (p. W9). — Evaporation. — Ebaollitien, —
Distiliation. .
3" comiposition (p. 152). — Give an example of the expansion *
af salidls under the influence of heal. — Liquids — gases. — Excep- i
tion in the case of waler, ol -

§% eomposition (p. 155}, — Construction of Thermometers,
5% composition [p. 160). — Wood, charcoal, air, bad condug
tors of hieat. — Why our clothing |armm‘.15 us against cold. — Wi.?—"
the handles of Lools that are pol inlo e Gre are surrounded I;.‘
woisl,
6 composition (p. 161). — Force of Ihe steam of boiling

waler. — Application of Lhis force to machinery. s
7% composition (p. 165, — Veloeily of light. — Iteflection

upon mwirrors. — Apparent breaking of bodies immersed in water. l
8% compaosition [p. 168), — Concave lenses, convex lenses. —

Focos of a lens. — Microscopes. — Spy glasses. — Spectacles for |

oear-sighled people, spectacles for long=ighled persons
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* g% gompositlon (p, 178, — Dispersion of light. — Bolar
spectrrm, — Why the paper of your copy-book looks white, — Wiy
ink looks black. — Why a soldier’s coal looks red.

10 composition (p. 177). — Vibration of bodies. — Air a
prepagator of sound. — Rapidily of sound travelling throngh air. —
I liguids and solids transmit sound ? — Echo.

» % composition (p. 181). — Stringed instruments. — Wind

instrurmmmls. — Deep, grave sounds, — Sharp, acule gounds, —
The {a of the luning fork.

12% composition (p. 180). — Vilreons or positive electricity. —
Resinous or negative electricity, — Allraction and repuolsion. —
What is meant by smsulating bodies,

13" composition (p. 190). — Power of points. — Lighining
conductor, — The twa kinds of lightning.

14* composition (p. 195). — Electric balteries and piles. —
EMects o electric currents,

{5 eomposition (p. 200). — Allraction of iron by the magnet.
— Magnetic alizaction and repulsion, — Mariner'’s compass. — Na-

al magnels. — Arlificial magnets.

16* eomposition (p. 209}, — Weight of bodies. — Density. —
How to ascerlain both weight and density.

17 composition (p. 218), — On what depends the pressure
of liquids on the bottom of the containing vessel. — Proofs.

18* composition (p, 221). — Mmospheric pressure. — Value
of 1his pressure in waler, in mercary.

19 pompositlon (p. 227). — Application of the principle of
almospheric pressure : a glass full of waler inverted in contact with
a wessel of waler and yel is nol emplied; eapping-glasses, pumps.

20 eomposition (p. 230). — Waler remains al a common le-
vel in o zeries of veszels which communicate. — Applications, —
Waterworks, walering pipes, distribution of water through towne,
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Fundamentals.

105. Differences beiween physical and
chemieal phenomena, — 1 hope you have under-
stood and kept in mind, my dear children, what a che-
mical phenomenon is, compared with & physicalspheno-
menon. 4. In physics, one can always recover in its
primitive form the body experimented upon. If heated,
it cools; if electrified, it loses its electricity; if sot in ¥

bration, il ﬂuhsequentI% comes to rest; if melted, it

becomes solid again; if dissolved, it reappears when
the liquid evaporates. 2. This is far from being the
case in chemistry : the bodies that have been experi-
L mented upon are totally changed,
in fact they give rise to other
bodies in which you could never
directly recognise the primitive
ones.
See here is some sulphur;
- taken ofl those matches; it is a
. yellow, solid body, almost ino-
dorous. I set it on fire (fig. 1), it
B L= T st U burns and disappears; bt in
arygen of the sie lo form coming near ityou feel an intense

anather bedy : chemical phe- 1 ¢
e acrid smell thal mrakes you congh.

odorous gas; you would never have fancied that, I a
sure.

4. The sulphur in this gas i3 not alone; it is com-
bined, as is said, with another body, which we shall |

1. What charactensed a physical | of sulphor? — &, Does the sulphor
phencmenon® — 3. What charaete- | alome exzist in this gast — Was
rises & chemical ohe? — 3, What | tbat a phenomenon?
takes plaze whes you burm 8 pipce =

|
‘
‘
3. This odour is caused by the ‘
escape of a gas. The sulptfr exists colourless in thy
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* shortly hear about. And the product of that combina-

tion is this gas. i

This is the real distinetion between chemistry and
physics. In physics, one considers one Body anly ;
in chemistry, there are always several present.

Here is another bit of sulpiymr; let us put it on the blade
of-this old knife and heat it abovd the flame; we must
take eare to avoid its laking fire. 4. You see it be-
comes liguid ; yet it is always sulphur, and sulphur
alore, 'The heat becomes greater; the little d.r“E of
sulphur grows less and less, and in a short tme will have
quite disappeared. The sulphur is volatilizing, it be-
comes & gas; but it is always suighur, sulphur uu{gi-.
2. The proof is, that if T hold'a cold plate above it while
it is thus volatilizing (fig. 2), you would see deposited there

Fig 2 — Thae suiphos, thal we cause Lo svaporate, remains sulphar:
a physical phenomopon.

very small yellow grains, those grains are puere sulplioer,
what is called flowers of sulphut: the sulphur has been
distilled as water would have been, that isall.

Tt is altogether dilferent when I set fire to it. The
gas thus formed s not pure sulphur; it would not be-
come solid on"a cold plate.

: :: You folt no smell when jhe sulphur volatilized, but this

nflamed gas brings tears lo your eyes and irritates your

‘throal.
194, Compound hodies. — This gas is then

.not simply the vapour of sulphur. It is as I have

already said, sulphur combined with another body.
This other body was in the air, and had it not becn

1. ln carafdily meliing sulphur [ prove that what is prodoced is sule
what {akes place? — 2. How dg you ' phor ooly? ls it 2 phenomenon?
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there, the 5111];!11"' would not have given rise to that dis-+
colouring and suffocaling gas.

[ said that the sulpbur took from the air this other
body with which it eombined, and [ will prove thisto you.
[ put =ome snlphured ends of matches upon a picee of wood

thiat Noats on the water in this vesscl.

b set the matches on firo, and«m e

diately invert over all, a glass globe
(lig. 3j, and push it down into the
=it | waler, See the level of the water
- isal A in the globe, but you must
look quickly for it will not long

Fic. 3. — The leval of the FCWIAIN there, it sinks lo T} on account

B ler mounts to C, he- OF the heat., The*malches die oul;

canze the sulpher com- (he air of the globe cools, and in a

bines with the oxygen =

goe that the water wfll rise muck
higher, as faras G, notably higher than it primitively
was A. 1. This evidently shows that the sulphur in
burning has taken a part of the air, to make the gas
of which we have been speaking.

2. This gas is then a compound body, composed of
sulphur and a constituent of air: the chemists call it sul-
phurous acid.

3. In like manner, the greon vitriol that we made al
the eommencement of our lessons on Physics, with iron
and oil of vitriol, is a compound body : it is sulphate
of iron.

You must not howevgr fancy that all compound bodies
are thus artificially * produced. Far from it, almost all
the bodies by which we are surrounded in nature are
compound bodies,

4, Let us renew the experiment” we made when
sgmni:ing about stones. Here is a bit of chalk. 1
throw 1t into a glass of stmng vinegar, water wil
some drops of sulphuric acid (lig. 4) would have hee
still hetter. You will sce in a moment that a great
quantity of gaswill eseape from the chalk and rise to the

- - "

of the air in the jar. - liltle lime, when quite cold, you will :

1. What teck place when the sul- | the sulphate of iren 15 a compound
phur barned aoder the jar? — 2 Is | body, — & Prove that ehalk is a
this gas a simple body ¥ Whal came compound body.

Ao ehemista give it? — 3. Show that

1
|
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‘surfuce; this gas existed in the chalk : it was there

combined with something else, wilh another Lody.

ain S0, there are natural * compound bodies, and artificial®

' . ctompound bodies. This may lead you 1o ask, are there
bodies that are not compound ?

=~ Xus, there are. 1. Perhaps someday they also may be

+  decomjposed. Dut as yel science has noi been able to
= do so, and those lodies are ecalled
simple bodies. 2. Sulphur belongs
lo this eategory, iron alse. Nemember
that, but you must also keep in mind
that the denominalion simple body
merely signilies @ body that cannot be -
deconmpteed. Fig, 4. — This gas

Thus, on the one hand, to decompose  Jhich tecapes (eirs

ompownd bedics, and exivacl from  istbe piec ol chalk.
i stmple ones, and on the other

hand to combine together simple bodies, and thevewith
fabricate compound bodies, is the double work che-
mistry und erla}knﬁ.

Iy decomposition we acquire knowledge of the real
nature of bodies around us; by composition or combi-
ning, new bodies are created, which are most serviceable
to mankind, You can easily have an idea of the utility
and the interest of such a science.

105, Simple bodies. — As [ have just told you,
sulphur and iron are simple bodies. 3. There are many
others: 70 simple bodies are known at the present day.

Some are solid, and they are the most numerous.
4. Gold, silver, iron, copper, zine, and metals in general
are simple bodies; 5 some othersalso that are not metals,
such as sulphuar, cerbon, phosphorus, arsenic.

6. There are two liquids : with one of which you are

eady wellacquainted ; it s mercury, which although
wguid is a metal,

. F'our are gaseous, but I need not mention their

-
*y

S

! names at present, as they are quite unknown to you.

[} - :

L. What pame has besn given to | pame ooe wall-known ealegory, Give
those brdies ihal we are not able to | some ersmples. — 5. Mame some
decompose T— 2. Name some simple | simple salid bodies that are nol me-
Budies, — 3. Mw many simple | tals. — B, How many simple diquid

bodies are al present known? o | bodies are thero? — Mention ono. —
A Amongst simple solid bodies | T.Hvw many gaseous onesare there?
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This seems o astonish you, Paul. — Why, yes, Sir,
for we know afr woll enough, and it is a gas. Every-
body knows it, and it is ealled one of the four clements:
certainly it is a simple body. — And water also, in
that case? Water also, yes, Sir. — And the earth also?
— Oh no, we know that the earth is nol a sim
body : — Well, my child, let me lell you that the"word
alement has led you astray, for neitherair nor water are
simple bodies. 1. Air is a mizture of two simple bo-
dies: water is a combination of two simple bodies.

196, Differences between o mixiure and a
comhination. — Please, Sir, what dillerence is there
between a smicture and a combination? — Oh, that
can be most easily explained, but I prefer givihg you
an example.

Sce, here are some very fine iron filings, and ther
some flowers of sulpbur; I mix both logether 2
shakeand stir them carefully. 2. You cannol at prescnt
distinguish the one from the other, so well are they
mixed, yet they are but mixed. The rp:*ou{ is that
you cant easily separate them. 3. You have only,
for instanee, to blow gently on them {fig. 5!, the sul-

&

i

Fig. 5. — By geolly blowing oo can Fig. 6. — The magnot ailracls
separate the Sower of saiphor tzom ®  the filings, and eaves the sul

the iron Glings : micture phur : miEture,

phur being by far the lighter will be blown away, whilst
the iron will femain. 4. Again, you might apply a more

seientific method : take your magnet and pass it slowly .

quite near the mixture (lig. 6), all the lilings will be at-

flour of aulphor?, — 3. Prove tha
Ihera i only a miztors, — &. Give
anfiher proof.

1. What iz air? What is water?
— 2. |8 there a miztures or combi-
patbon when | mix iron Glings =jik
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. = tracted, leaving only the sulphur. The two bodies have
merely been mingled, a phenomenon purely physical.
== On the contrary, let us put our sulphur and our filings
{ inthis broken vessel, adding a little warm water {fig. 7).
i 1. In a few minutes you Al

st¢ o greal movement ! =
. taB—plice ; the liule 5
mass prows hotter, swells
up and becomes blackish,
I now neither resem-

FUNDAMENTALZ, ]

S v

. -.'ﬂ!c:s1st-:3p.l’ti:#' nor iron. i s
l 2. Thosa two bodies are m\u{%‘;@:,ﬁh
not merely mingled as [Py T
L]lﬁ}' e hnl[le ago : Fig. 7. — Tho sulphur aml the iron have
I'lh'l!}' are combined, and ~ “formed a now body : combination.

ave formed aenew Lud:-’,
chemists call sulphide of fron. This time we
are in presence of a chemical phenomenon.
Thera is another great difference between a mixzture
and a combination.
3. I may mix sulphur and iron in no matter what
proportions. [ can add one part, two or three parts of
sulphur, or more. The mixture will simply be more or
less rich in sulphur.
In a combination this is vmpossible. In order to
have the combination of iron and sulphur [ add & grains
| of sulphur to 7 grains of iron; the whole combined

weighs of course 11 grains. That is not astonishing.

But had I put together 5 grains *of sulphur and 7 of
I iron, the sulphide of iron resulting from the combipation

would notwithstanding have weighed only 11 grains :
1 grain of sulphur avould have remained unemployed,
pure sulphur a# before. Likewise had I put 8 grains
' of aron, one grain of iron would have remained over,
p ":ﬁwou[d not have combined with the rest.

; Thus, combinations are unlike mixtures in this,
that they are not indefinite or irregular; they cannot be
nh_miucr{witb variousdegreesof strength. 5. Forinstance
in the case of sulphur of iron, no matter what quantity of

L. What takes place i soms warm | 3, What else charscterises mizlars?
r water is added fo the mistare of | — & What charsetorises a combi-
iron and sulpbur? — 2. Is there 3 | malion? — B, Givs an s1ample.
nugture or 3 combinalion? -a
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wron and sulphur you mix together, the sulphate ol
iron obtained will always contain 4 of sulphur and 7
of iron. The proportion is, as chemists say, definite,
or delerminats.
[ should like to seo now if you have properly under-
stood me. - ;
Here is a class filled with wine and water fa-about

equal portions. Is this a mixture or a combination? «

1. It is a mixture, Sir, because one canadd 1o the wine as
much water as they like, it will always mix perfectly.
— That is right, or in other words there is no defi-
nite proportion. Very well. What do you think, Paul;
vou do nol seem convineed ? — Sir,. whal puzzles me
is, that I do not know how I could separaie se wine
from the water as you separated a litle while ago the
sulphur from the iron. 1should have theught tha), the’
wine and water were combined. — 2. Not sﬂ‘{
child, for one distinctive character of the combination ™
is, that each of the bodies entering into it loses all ils

ualitics, whilst the new body possesses new qualities.
%.ecnlltt_'l. the sulphur and the iron on the one hand and
the sulphide of iron on the other. In this glass, can
vou nol recognise the wine and the water? IHas the
liquid acquired qualities belonging neither o wine nor
to waler? Assuredlynot.” Then it is decidedly a mix-
ture, and not a combinalion.

3. This said, [ will proceed to demonstrate that air
is a mixture ol two gases called oxygen and nitrogen;
whilst water iz a cogmhinatian of two gases : oxygen
and hydrogen. These are strange enough names.
will bereafler explain them to you.

Gompasitior: of Water.

|

|
We will bagin with waler. [For one reason, hannz =

it is the most curious. Is it not strange indeed that
this pretty limpid liquid should not in the Airst place
be a simple body, and secondly that it shodld be corh-
posed of two gases? Yel so il 1s.

1. Do awine and water form 5 | — 3. Whal are e lwo gases thal
miature o & combination? — 3. Prove | aremirad in the air? — What two
that wice and waler form 2 mizlare. | g¥sea are in combination in waler?
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s 197. Analysis by the electrie pile. — You
bave mot forgotten the rudimentary electric pile we
«*  made with 11::::11.111::1, and dises of cloth and zine dipped in
{ vinegar. have made [or this day's lesson several others
like it, which I have
ugited together so as
= o I-ll:l.k.l;‘:‘ use of the
= force of all of them
at once (fig. 8). [ im=
merse the lwo poles
in this glass of wa-
ter, which has been =
l slightly salted gpr
acidulated to allow
(il to conduct electri- I
il}‘ wilh grogler fa- Fig. 8. — The iwo gases thal jou coe rise

: Fome 1o the surfzce of the water are axwgen and
ity. 4. Afterafew 0a0 0

' momenisyouwillsee
tiny bubbles of gas forming on each pole, and rising to
the surface; you have doubtless already observed also
that these bubbles are not equally numerous at both poles,
2. The two gases thus set at liberly are oxygen and
hydrogen, the latter Gy
being the one that TV
gives the greater - .'T

‘number of bubbles, :

: Lot us endeavour

p lo catch soma of
cach. For that pur-
pose I take two small
glass tubes CD (fig. 9)
closed at one engl;
TGl botly with water,

apd place one over H
ach  of the poles. *
The gas risesin e:mh, Fig. 9, — Twa velumes 0I)Ih-ﬂmgw are [ormed

bt with greater r'lpi- in D, against one of caypen in C.
} dity in the tube D) which receives the hydrogen, than in
. the tube G which receives the oxygen. 3. [tis easy to seeat

L What takes place when the two | the two gases that are given off? —
pules of 23 electrie pile are jluaged | 3. In whal properiions are ciygec
inle— slightly silled or aecidclaled | and hydrogen fooud in waler?
waler? — ¥ What dre Lhe sames of

o
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a glanee that the quantity of hydrogen dischai ged 1s about =~
double thatofoxygen,or lospeak more pmmsc.TJ,',thut thera
are fwo volunes of hydrogen for one volume of oxygen ™
These casesare the resultof the decomposition of wa- |
ter. Ifwe had at our disposal a stranger pile, we could
thus decompose al] the water in our glass; and that
would give us a pretly quantity of gas, 1 can asspre’you, -+ |
for it hus been ascertnined thal cach cubic inch of water «
gives 1240 cubic inches of hydrogen and 620 cubic '
inches ol oxyren. t
198, M ydrogen. — While [ have been speaking, the |
gases have almost filled wp our little tubes, especially
the one containing hydrogen,and [ will withdrawit [rom I
the water, stopping up the opening with my linger, Here
it is. Thold it with the opening downwards : Paul, willy .
you lizght a matehs? All of you
be attentive. We had bet
go into a dark room [ﬁ]g-. 10).

: - Thers now. 1bring the lighted
‘;:_‘\ - | % match close to the opening and
: take away my finger. 1, Pufl!

Lo ¥ ¥ i
ek i [ a little noise and a pretty pale
Y %ﬂ?@'/'- [lame, giv]ulg so fuint a Light
™~ Tt that searce should we have seen
5 it in the daylight.
= == 2. Hydrogen is then, as you
Fig. 10. — Pull] a little noice, 80€, an inflammable gas, as
and a Butlebluish Oame. Hydre- ohomists sa # that means, a gas
i .:j;p:.?:ﬂ.;:n;_"ﬂ‘wwm that can take fire. 3. And if
instead of having a small tube
we hall used a large flask of it, we should have caused
a real explosion. 4. Fortunately there is no hydrogen
in the air, or else there would be no mtans of kindling
fire without blowing every thing up. A
5. Unfortunately however sfch aceidents [ mcLu entlyha 1
en in coal mines, where a gas, a near neighbour to h¥-
rogen, fire-damyp,sometimes issues from thecoal. 6. By i

1. What takes place when a lighted 4. To what danger should we oa -
match is placed near o tube flled | cxposed if hydrogen werein the air? |
with bydrogen? — 2. What pame is | — 5 To the preseoce of whal gas [
gizen Lo a gos Lhal ignites in the ara erplosions in miges dJuel — '
gir? — 3. What wosld have bap- | 6. In consequenca of whal iupru-
pened bad the tobe been larger? — | demce do these explozions result?
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- tim}lrudcnllf smoking or by opening their salety lamps,
miners set fire to this gas, and fear{ul explosions are the
» result (fig. 11). 1. Another near relative of hydrogen

" i, 11, — Fire damp, 2 nmear neighboue lo hyidrogen, produces, when
inlamed, terrible explosions. [t then combines wilh the caygen of the air.

is the gas we burn, and with which our streets and
houses are lighted (fig. 121; it is made [rom coal, and

—— —_—r

__H‘Eig, 12, = Tle gas for lighting 18 _  Faig. 13. — Balloons are illled with gas
anotker pelghbour to hydrogen, ®  for lighting, which s thres times

luml alse presesis dangers [rom lightar than air.
arplosion,
' when conveyed in pipes from reservoirs, yields us in-

. calealable*services. 2. It also is explosive. 3. Iis
strong and disagreeable smell, however, betrays ils

1. MNoms another near peighbour | mode? — 3. Whsl damger does gt
of bydrogen. From what s Lhe gas | present? — 3. How do we koow
tat we wss for lighling streets | when there is an escape of past
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presence and warns people of danger. 1. On the com- -,

trary hiydrogen when pure has no smell whatever, neither

has firg-damp, and this is one of its great dangers, I ‘-

chemists had been able to find oul an inodorous gzas lor |

common use, a8 many tried te do, there would be no | |

means of living with it, explosions would take place and -

houses be sel on fire daily in all dircetions. _:.-f“"'-r .
Hipdvogen has still another characteristic, ~ 3. It is «

extremely light, 14 times lighter than air. 3. For that

reason it was once much employed to il balloons {fig. 13).

4. Only as it cost a great deal to prepare, COMMON gas

is generally substitated for it. §. The latter is much

heavier, or rather it is less light, singe it is but 3 times

lighter than air; from this it follows that to be able Lo

lift the same weight, the balloons must be much largers

when [illed with ordinary gas than when [Jled with In’;l/r(

I A e———

hydrogen.

199, Oxyzen, —Bul this is enough about hydrogen.
Let us now look at our other tube E {fig. 9), which is
almost full by this time : a8 we
have already said, this one con-
lains oxygen. You sece il has no
[l 2 appreciable colour, no more than
F hydrogen orair. 1T had enough
F to let you smell it, vou would find
- it has no odour either; only as we
&= | possess but a very small quantily
= 1 we must ecopomise it. 1 will 1

w forthwith show you its principal ‘
Fig: it. — The mateh lighis characteristie, l

N

L

PR
7

1 thewaygen, this sasthen  Payl pray lighta match. Now

o A i g blow iE::Iui,;nﬂghand itmequickly

whilst the end is still red. [ plunge ® into the tube,

B. and, wonderful to be told, there it is lighted again,

and burning as belore (fig. M. :2_’—
7. This is the characteristic action of oxygen! It ace

oence of fire-damp acd bydroges so | mary gos lesd beavy than alr? —,
dangerous ¥ — 2. Name 3 remarkable | 8. What happens when a mateh,
property in hydrogen. — 3, How has | still red, i plonged ioto a lubae
the sxtreme Jightness of bydroges. | lilled wilk czygen? — 7. From this,
bees ulilised? — & By whal gas b5 | what is the priokipal property of
sbnow replaced for Blilng balloons? | oxgzen?® ]

1. What is it that resders the pre- | — & lHow many 'Liq.'.r; is the ordi- ]

-
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~ [lerates, it revives lire, or,as chemists say, it supports com-
bustion. Itisunder the influence of oxygen, for it exists
.+ also in the atmesphere, that our fires blaze and give
+ heat,and that our lamps give light. 1, Our very life even
" depends onils presence, our life, and that of all animals
and plants; for every living thing breathes or wastes.
«  Woemuast however take things as they come, and we shall
- 8O :l.llt'tll}l this in another chapter.

d You plainly see the great diflerence that exists between
" hydrogen and oxygen. 2. Hydrogen (takes {fr'g—: and
e burns, Ll il cannoot set fire to the red end of the match
unged into il oxygen, on the contrary, rekindles the

El;llf-ﬂxlinr! match Elll[_r.l’m_‘._\‘ nol itzelf lake fire,
3. Chiwmists say that hydrogen is a combustible body,

Nike wood, coal, oil, ete., whilst oxygen is but a sup-

orter of combustion.

200, Synthesis of water, — Have you perflectly

, understood all this? 1hopeso. Now speak out, James.
[ see you wish Lo say something.

— dir, you said that hydrogen lakes fire, and after-
wards youn added that oxygen Lkeeps the [fire in.
4. Is it then oxygen that makes hydrogen burn? —
Quite so, my child ; were there no vrygen in the air, we
should try in vain o hindle hydrogen.

5 Ifa Mame were plunged right into a vessel con-
taining only hydrogen, great care being taken to avoid
an explosion or al least a blaze in the introduction, the
Nlame would die out [or want of oxygen. Yes, Sir, but
that is not what puzzles me most. -When the hydrogen
has blazed away, what becomes of it?

— That in fact is the knolty point. 6. Hydrogen in
burning combines ‘%‘ilh oxygen, just as you saw the sul-
phur eombine with the iron. Alterthe combination there
remained neither sulphur nor iron, but sufphide of

—ﬁjﬁn 7. Very well, after%he combination of hydro-
gan and ozygen, neither oxygen nov hydrogen remain.
Whiat bave we in their place? Who will answer that?

1. Muw dees dxygen affect the | affect the combustion of hydrogent
=exiatence of man, animals, and vege= | — 6. Prove thal it s cxygen that
tables? — 3. What great differénee iz | makes hydrogen borm, — 6. What
there between hydrogen and oxygen? | does hiydropen lorm in burning? —
— 3. By whalt Jerms do chemists | 7. Whal remains afler iho combi-
erpress Whese particolar properties? | mation of hydrogdn and oxfgen?
— 4. In whal manner does oxygen ¥
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Nobody? Thinka little. We have decomposed watef -,
into lypdrogen and oxygen; now we combine hydrogen
and oxygen. Ah! now you all find it out together. -.
Water! Of course: but you should have thought of that
gopner.  You must try and keep your wits about you,

1, Yes, water is made again )l--l.' burning hydrogen..
And as there is hyd fogen inalmost all the bodies yedutn,
water is formed when they burn. 2. Look arfhis eold .

late, which I hold over the flame of my spirit-lamp
fiz. 15). You see drops of water on it; don't be mistaken :
_ this is not aleohol, distilled by

. the heat, laste it, il is merely

'% water formed by the combustion

< of the hydrogen that misled in

—— the spirit of wine.
':‘:_.,_.-. — And now it is fyll time to tel
NG you what the word hydrog,
—_ means, 3. [t comes rom—two
T R Greek words : hyydor, water, and
B genao, birth; it then means

a body that gives bivth lo water,
Fig 15. — The water thateon-  Thus you see that the compo-
‘L‘-’:;ffrr__‘:;::ihﬂu-':ff l;nlr:L-:.;.h:- sition ol water has been ascer-
tion of hydrogen that esists tained in two ways. First by
b i decomposition, under the in-
fluence of the electric pile, into two gases, one of which,
the hydrogen, is dnu'hli:: the volume of the other [oxygen).
Secondly, by recomposition. The water being oblained
by uniting, cither through heat or by some other means,
two volumes of hydrogen with one of oxygen. 4. This
splitticy up of a compound into its simple Lodies is
called analysis, and the building up of a compound
frem its simple bodies a synthesis, the recomposition.
Thus, if we put in a tube, a mixture of !u’érugeu and
oxygen, in the proportion oY one volume of oxygen f
two of hydrogen, and then set this on fire, water will be
formed, and the hydrogen and oxygen will no longor exist.
But if we had put three times more hydrogen than exygen,

1. Why is water formed in the | mistacall the decomposition of Bodies
combustion of bodies that we burn? | Ioto their simple elemenis? — What
— 2. Prove il, by an experiment. — | is the recomposition of compound
3, What is the signifleation of the | bodies called?
word hydrogen ¥ —&. What do che- .
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. %hat would have happened, George?—Therowould haye
Y been too much fopfrogen, and some would have ve-
mained over. — How mueh? — One portion, — You
«  mean one velume, that is right, In like manner some
oxygen would have remained unemployed had we put
Ainthe first mixture more than the necessary proportion,
“n-ghert, water is a combination ol !|3.'Lllmgm and
oxygen im-definite proportions, as is the case with all
chemical combinations.

201, Composjtion of air, — Lel us now pass to
he study of air. 1 have already told you that oxygen
enlors into i3 unm]mi&i{im!. We have already made

cquaintance with thia gas inour lezson on water. You
remember we saw il inllame h&quan, therehy giving

ereby making sulplu-

/
F Composition of Air.

birth 1o water and sulphur,
rous acid,

But air is not solely composed of oxygen. The proof
of this is, that the end of a match, umﬁ}' blown out and
still red, does not light up again in the air, whilst we
saw it do so in pure oxygen. 1.In atmospheric air there
exists only about a fifth part of oxygen, therest 1s & gas
called nitrogen.

402, Nitrogen. — Paul, how would you go to work
were I to bid you prepare some nitrogen, 1 mean, lo
so]%nram it from the oxygen of the air?

should add hydrogen to the air; then set it on fire;
the hydrogen would take up the oxygen, as you Suid,umi
form water, leaving the nitrogen alone. *

— Well imagined, very well indeed, my dear child.
But the plan wohld be very difficult to put into execution,
and very expensive; yet it could be done, il one had the

cessary apparatus. Yofl, James, have you found
afiything?

~ Sir, I would set fire to some sulphur under a glass
shade; the sulphur would absorb the oxygen and set the

.nitrogen at liberty. It is the experiment you made a
little while ago.

1. What ara the gases thal enter what proporiion are these Lwo gaces
iote the composition of sir? — In | mized? ¥
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— Quite so.  But that wonld not give you pure nitro~

en : the sulphur would not burn up all the oxvgen of
ﬁm mir. The experiment has indeod been made in that
manner; but it 18 another body, phesphorus, not sul-
phur, that is employed.

205, Preparation of nitrogen hy phospho-

rus. — [ have a little bit of this phosphoros, setwo-wfll
try. lamobliged to keep it under waler, as yo2see, ho-
cause it is rather dangerous and takes fire as soon as it is
in contact with the air. So, as quickly as possible, I put
it on this bit of earthen ware, this again on a piece of
wood, the wood on the
water, and a globe over
the whhle (fie. 1§).

Let us now pass into
the dark room. You ses
the phosphiirns is lumj
nous as soon as it-isin
air, and you all recognise
the licht it emits to be
the same as that given by matches when rubbed on any
thing in the dark, [or malches are made with phospho-
ros and divers ingredients. You can sec also that
phosphorus well merits its name, for the word means
light=bearer.

Now let vs return to the school-room. Our bit of
phosphorus after having emitted a good deal of white
vapour, all at once bursts into a flame. Sec how
pretty it is. 4., Whp would fancy that sueh & thing
shoulil be extracted from the bones of animals ?

On account of the strong heat of the burning phospho-
rus some air escapes by expansion [rom under the shade,
See now, the flame dies away, the air cBols, the water rises
and stands still.  The gas remaining in the shade ds
nitrogen with a very little ooen. I the phosphorn
b lelt under the shade until it be no longer lumine
gven in obscurity, the very last traces of oxygon have
been exhausted.  For this dim light is in reality slow
conibustion, whilst what we saw a little while ago wad
active combustion.
of combustion; but they all come to the same result,

TR T
: _: = 'F;f
i |

— T T il

Fig. 16. — Nitrogen remains afler tha
phesphores by burning has taken op
tha exvgen of the air,

1. How is phosphcras ebiainad?

You see there are different (Tuqmea '
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204, Oxygenised compounds of phosphorus,
— It is now the turn of nitrogen to be examined. But,
before setling to work, please, Paul, would you tell me
what has become of the phosphorus? — Sir, it has com-
bined with the oxygen of the air, as the sl:lluimr did a
--“"H-L’lq_‘:'l;:'ﬂ. — Woll,  And what aid i form?  As the sul-
phur Torms sulphurous acid, the phosphorus onght
to form phosphorous aeid. — Not precisely, it forms

;
§e =t RO 3oy
' phosphoric acid.

-
-

— DPlease, Sir, what do the terminations fe, or ous
mean? You have already spoken about sulpliurous
acid and sulphuric acid.

That will be easily explained, my dear children.
Sulphur phosphorus, and many other bodies, can com-
bine with oxygen in dilferent proportions so as to form
jeveral acidss  lence the necessity of giving dillerent
names in order to recognise them, and yet those names
must resemble each other, being given 1o different com-
pounds of the same bodies. 1. Thus the termination
of ous was given to the acid conlaining the smallest

uantity of oxygen, the lermination dc to that containing
?im freater,
b For instance, when the phosphorus burns Lrightly, it
makes phosphoric acid; when it burns slowly, it gives
phosplorous acid, less rich
in oxygen.

205, Properties ol ni-
trogen.— And now to ni-
trogen. Hereisalive mouse &

ina trap. [ pass the whole ll_lTlL“ "
rapidly under water into the R

nitrogen (fig. 17) owr experi-
ment gave us. " 2. Imme-
d,ml!(:lj.' you see the mou
“ Thoksagitated, fallsdownan
gdsps; iLis dead, f’-*P-".‘f-Tm“ Fig. 17.— You seo the mose becomes
tedas people say. 3. [tisnof agitated in the piogos, gacps ani
the milrogen that has killed 4"=The wantofoaygentaskilledit.
-il, il is the want of oxygen. Nitrogen is by no means
a poison, for we breathe it in breathing the air in which

L. To what kind of acids do we
give iba.termination ous? And Lhe
termination fe? — 2. What happeta

when an animal 15 plunged into azote
= 3. s thon azole a poison? — Prove
ity — Why lhen did the monss die?

11.

M e TR T . T e 5
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we live, but it perfectly merits its griginal name asole,
which means, in short, incapable of sustaining life
(@, which expresses negation, and soe, life).

Thus life dies out in nitrogen,

Combustion also dies out therein, Only how shall we
be able to prove this last alfirmation? Ii is impossi]ple-
to pass a lighted match through the water, as was done
with the mouse : it would be extinguished before getling
near the nitrogen.  We must have some nitrozen o a
tube, as we had the other gases a litle time ago.

There is no great diflicully in this. Let us take our
basin oul into hm court-yard and put it in the water
trough. We will set it {[luiic in the bottom of the basin,

ghade, mouse, cage anc

all. You, James, h8ld the

Fig. 18. — Hold the shade C Fig. 19. — The nilrogen passes [rom
full of nitrogen. the shade C into the foooel and s

shade containin LEI

(fig. 18}, mouth

-~

X
v k=2

Fig. 20, — Ths malch
goes pul in the pitros
gen. So this gas doed
a0l sipporl combes-
tien.

it a well-lighted
-mcfﬁale!y_.

the tube D.

the nitrogen, and keep itin the water G
ownwards of course. [ adapt a funnel

to rhy liltle tube, fill with water both
tube “and funpel, and immerse the
whole, the funnel undermost (fig. 19).
Now, James, insline your shade
slightly to one side, ih tim direction
of the fungel. See, the nilrogen

passes into the funnel and fills Hr

tube T), 'There, the operation is su
cessfully terminated.

Now, slopping up_ the p[iﬁning of
the tube with my finger, 1 take 1t .
out of the water, sull holding 1t
inverted. This time we will put into
match (fig. 20) See, if goes oul im-

A
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That is enough 1 should fancy to convinee you that
nitrogen does nol support combustion.

206G, Air is 2 mixture, not 2 comhbination.
— There is, a2 [ told you, about 4 §fths of nitrogen in
the air. This is not the exact proportion. The exact
gumbers are 79.2 per cent for mitrpgen, the propertion
ol oxpeen being 20,8 per cont,

This makes one volume of oxvgen against 3.80 of nitro-
gen,and in weight 1 of oxygen against 3.348 of nitrogen.

. I morcover told you that air is simply a mixztiure
not a combination, and I am sure you will have no diffi-
eculty in following my explanation as to the reason.

2. In the first place those complicated numbers and
fractioms differ widely from the simplicity of the pro-

water there age two volumes of hydrogen 1o one of oxygen,
od in weight 1 ol hydrogen 1o 8 of oxygen. In weight
again, for sulphur ol iren, 4 of sulphur, 7 of iron; for
sulphurous acid, 1 of sulphur, 1 of exygen; for sulphuric
acig, 2ol sulphur, 5oloxygen ; forphosphorous acid, & of
phosphorus, 3 of oxygen. 3. In a word, as [ have
already said, in all combinations, the component bodies
are nol only in definite proportions, but also in simple
ratio. 4. Mixtures, onthe contrary, have notany ratio
whatever, and are sometimes exceedingly complicated.
Snfnndi}', the composition of air ean be altered with
ereat facility. If \\'}fjilc the phiosphorus was burning a
little ago, I had allowed it to fall into the water, the
air remaining under the shade wonld have been less rich
in oxygen than common air, and the longer the experi-
ment would have lasted, the less oxygen would LhEruI]mm
been. There are nel then any definmide proportions in the
composition oftir,as there are in chemical combinations.
o+ Again, air has at the same time the properties of
xygen and those of nilrnzr;en. It supports the combus-
tion of bodies, under the influence of oxygen, only with
less energy on account of the influence of nitrogen.
Whilst fou know that in a combination, that of water

x:-urtians ofien found 1n combinations. You recollect, in

. Tor instance, the distinctive or specific properties o.
hvdrogen as well as those of oxygen have disappeared!

toa? — 3. Why do you suppese it | combinalior? — 4, I3 a mizture?

L Is ar a miglire er & cambina- I do the compossd bodies act m 2
is 8 miztare? — . In whal mamner



gince wo have learned whiat air is and what water is, this
being no light matter. 1. Wealso know about oxygen
hydrogen,and nitrogen, three of the simple bodieg i'mly.i-
in a gaseous state. The fourth, by no means void erfher of
interest or of utility, is chlorine, only its study would
encroach too much on our lime,

But we must not boast about what we have learned.
How many bodies yet remain unknown to us | Not only
simple, but also compound bodies, composed of 2, 3, 4
or more simple bedies! We could never think of learn-
ing all about all these, nor even could we flass in
review an insignificant part of them, Notwithstanding, |
I have yet to tell you about several very interesting
things, which you will find prove useful to you in many ™ ]
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So, once more I repeat, nir is & simple mixture and -
in no sense a combinalion. :
Now we are beginning to sce a little into chemistry
.
L

respects.

Carbon,

207. Carbon. — In the first place we will occupy
ourselves with the study of charcoal. 2. Charcoal is
an il‘ﬂiilll‘ﬁ form of carbon.

200, Composition of vegeiable matter. —
3. You are all aware that charcoal is derived from plants,
from wondd burned in a certain smothered manner. . This |
shows of course that earbion exists in plants, since it is
extracted from them,

Indesd it exists in all their parts,in their wood, their
leaves, their flowers, etc.  And you gvill no doubt be
astonished to learn that earbon is there eombined with
hydrogen and oxygen. 4. It is these three bodies, cars
bon, hydrogen, and oxygen? that when uniled form

aluost all kinds of veqetable matter, =
Sea, hereis a it o sugar; a substance derived from I
aplant. 5. [ put it on this red hot shovel (fig. 21) keep-, \

1. OF the four simple gasecus Lodies | matter? — 5. Whal becomes of a
which aru the three known to you? | picce of sugar onoa red bol shovel |
=1. What is ebarcosl? — 3. From | when it is pravested from estehing
what b5 it derived ) = 4. Wlat are fire? =
thw thren bBodaes ihal lorin vegotable .
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ing 1t from burning with a lame; finally there remains no-
thing but very pure and black carbon, 4. IT, whileit is

y -+ lurning, [hold acold plate (fig. 22)above it, you will thera
]
1

i : ‘x” \ 3 L l'\%.

= &=
il T

— -

Fig. 21, — On the rid hol Fig. 22 — Tha water produccd by the
shovel the sugar only leaved combinatlen of exygen and hydrogen
a very pure black earbon. ol the sugar, condenses on Lhe piate

.

see water condense upon it. This water is produced
by the combination of the oxygen and the hydrogen oy

e sugar.

. Starch ®, gum * arabiz, aleohol®, oils® and almost
all substances of vegetable origin, will give the same
result.

See what a variety of forms nature gives to these three
simple bodies, carbon, hydrogen and oxygen.

. 200, Composition of animal matter. —
3. Carbon exists also in the different parts of the bodies
of animals. & What is known under the name ol ani-
mal black, is a charcoal, obtained by the caleination®
of bones in close vessels,

8. In animal ful also, hydrogen and oxygen combine
with earbon jusl as in vegetable oil. 6. In all the parts
of the body, such as the flesh, the Brain, ete., excepling
in the fat, these constituents are found in combination
wilth nitrogen. ' And it i3 with these four simple bodics
variously combgnéll that all the different constituents
of animal badies are formed.

; 7. Three are, as we hawe seen, gascous; the fourth,
carbion, is a solid hody,

1. How o Yor prove Lhat the sugar | mal far? — 6. What is the foorth

contains something else besides ear- | bodythal entersinto the constitution
* bon?— 2. What is starch eomposed | of, say the fesh and brain? — 7. Of
al* — Gum Arabie? — Alechol? — ke foer simple bodies, that ferm

Oilsf — 3 Where else is carben | the bodies of animals, which are the
found ¥ — 4. What iz smimal black? | thres gaseous ones? — Which is the
— 5. What iy the compesition of end- | solid bodyr  °
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210, Various forms of earbon. — And now let  *.

us examine carbon itsell. It enters as we have said into

the composition of wood, charceal, and animal black, "+ \
Do any of you remember to have met with it under any

other form? — Yes, sir. — Coal and coke. — Ahlis .
coke the same thing as coal ? — No, sir; coal is greagy — -
and shiny, whilst doke is quite dry. — Yes, thesg are -+
apparent dilferences, but do you remember nothing more =
siriking? What do you thi ok, Henry? as you have lived
in-town where the streets are lighted with gas, you know
perhaps the dilference between coul and coke. — Yos,
gir; cokeis thal which remains, when the gas that lights
the strecls has been taken from fhe epal.

1. Quite right, my child: when the coal is suliciently
heated, the gas 1s set at liberly and along wilh it many
other things, for it is marvellous what can be extrac-
ed from coal: rich colours, delicate perfumes, nearly
hundred useful substances, and amongst them Na¥ours
for sweelmeats. 2. So you see coal is not pure carbon,
far from it; but that which remains afier il has been
fiealed, that is to say coke, is almost pure carbon.

Carbon is found under other forms sull : 3. Black lead
as 1t 1s very 1mproperly called, of which your pencils 1
are made, 1s almost pure earbon. It is found in certain
mines, and is called also plumbago and graphite,

4. But what is most curious, is that the diamond
is pure carbon. I mentioned the fact when speaking .
about different erystals. Yes, it is quile trus, (hal :
beautiful stone;, so Lwilliant, so tradsparent, so hard
that it can cul or engrave any thing however hard,
has thesame elhemical composition as that wegly bit ﬂ'{
colee, Black and frialile®, sold in cart-lgads for a few shil-
lings. You cannol believe such a thingt and your very
eyes demand proofs of it; oh! I am quite prepared, d
not be afraid, -

211, Products of the combastion of carbon:

— 5. First, if a diamond be heated to a high tempera-
ture, it swells out, and is transformed into a_substance
very similar to coke. This however may pass for mere .

1. What do we cbisin from coal? | 3. Name anolber form of earbon. —
— 2. What remaies after the pas | & What is the diamond? — B Give
Bas been extracted from coal? — | mew proof thet ihe dismond iscarkoo.
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external resemblance, and might be disdained as prool
of chemical identity.

Here is a lump of coal, I put it on the fire. It red-
. ens, burns away and disappears, as you all know
.+ leaving only a fow cinders, which are Lt impurities an
——haye nothing to do with carbon. The latter has disap-
' pearci1l has burned; but what ldls become of it, lor

= nothing can be lost? It has burned, that means that it

Joss combined with the vxygen of the airy has il not?
This combination can give rise, according 1o cireum-
stances, to lwo sorts ol gas.
1. When coals burn brightly and with strong
heat, they form parbonic acid, in which there are

3 partseof carbon for 8 ol oxygen. 2. When they

TDurn slowly and dimly, they form carbonic oxide,

in which Lﬁluse are 3 parts of carbon against only & of
Y oxy Zen. » .
310 our fire-places, the coal in burning gives ofl
) a mixture ol r:m'!xum'c acid gas and carbonic oxide.
4. The more draught the chimney gives, the brighter
the fire burns, and the more active the oxidation ® and
the less carbonic oxide gas produced.

You ought now to sufficiently understand the real

chemical characters of carbon. ~You may burn coke,
animal black, graphite (plumbago}, or famaond, you
will always have carbonic acid or carbonic oxide gas
given off, according to the greater or less energy of the
combustion.
; 5. And you will have, at least in the case of gra hite
(plumbago] and of the diamond, for those will not leave
even einders, only and solely gas, as product of the com-
Bustion., Thus aﬁ,thesc bodies are carbon, pure carbon
even, especially graphite and diamonds.

Iy el

) / Now the carbonic exide and the carbonic acid gases
| —={ormed in our fire-places And stoves, or emitted by our
' fymps and candles, meril our attention.

o012 Carhonie oxide gas. — We will begin
with the carbonic oxide gas. 6. It is a colourless

1, What gas is formed when coal | when the fire burns brightly? =—
burns brightly sed quickly?—2. Asd | & Give 1 second prool (hal the
when it burns slewly? — 3. What | dismend is pure carbon, — B, What
Zoes enal form while bereing in our | do you know qf ibe =arbonic ozida
e places? — & Whal bappens | gas?
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-
and inodorous gas when mingled with the air, and
this is verjy much to bo reretted, for it is a most
deadly poizon. 1. A thousandth part of thiz gas in
the air suffices to eauso death in'a vory short tume;
a ten thousandih part is enough lo give violen! head-
aches. 2. You seo how very important it is for osr
bealth and even o’y lile that the Jivaduet of combus-
tion® should escape casily and with cerlaindy from *
our dwellings by the chimneys. 3. The small stoves
in which charcoal is olten burned give a large pro-
portion ol carbonic oxide, hence headaches, meFor,
and even dangerous illnesses. 4. I will not leave this
subject without warning you against,a very imprudent
halit some people have of taking inlo a bed %oom a
gtove or somelhing similar containing charcoal or red
embers u{‘ any land. A severs and daneorous head-
ache is the least that ecan happen, and joirrnals oflon
tell sad stories of fatal results to those wlio try to Eeep 1
themselves warm during their sleep in this imprudent
manner,

215. Carbonic acid. — Oxide of carbon can be
seton lire and burned like hydrogen, it then forms what, :
Paul? — Carbomc acid, Sir.  Perfectly so, the oxide of
carbon combines in a new proportion with oxygen
borrowed from the air. It burns with a pretty pale
blue Name, which you can see dancing up and down
on the charcoal [ have lighted in this little stove. Unfor-
tunately a greal part of the carbonic oxide is not con-
sumed, bul escapes into the air.

In short, surbonic acid can be formed in two WiLys
during *combustion ; either at the first onset, by direct
combination of the carbon with a coneiderable ( uantity
of oxygen ; or by a twolold action by flie cnm!busl:iun
of oxide of carbon that has been previously formed. Alk

e . . ] .
this is continually going on ift our fire-places, and this™
1t is that gives us heat, e

Carbonic acid is also a colourless gas, which has litile

L What eSoct is produced by the | firesides to be arrakped ¥ — 3. What
1000 part of axide of cartion in (ke | gas sscapes from eharcoal sloves?
2ir? = [y (ke ten thonsandih part? | — &, What precautios is it LIRS
= 1. How then coght cor Gred and | ta tafer
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3 any odour. 1. Ttis much less dangerous then carbn-
nic oxide, and it only hecomes seriously so, when there
.- is about 20 percent.in the air. Dut people should nat-
withstanding be very cautious with earbonic acid, and
~ that for two reasons,
: In the first place, [ do not think it would be at all healthy
» ot @ person to remain in a place where the air cantained
« 4 or & per cent. of carbonic acid; but this is nat all.
When there is carbonic acid in o room, it is not be-
canse some chemist has brought it there, to mix with the
air of the ropm. Of course not, it was formed there.
2. And at what expense, Undoubtedly at the expense
of the oxygen of the air.
Now garbonic dtid is so composed, that it contains a
wvolume of oxygen equal to its own volume. 3. Then il
here exislina room ten per cent, of carbonic acid, ten
or cent of ox¥gen for that reason is wanling : instead ol
the 21 per cent. that ought to be forthecoming in whole-
some air, 11 nu!}' remaing. Youunderstand that a person
under such conditions incurs double danger; firstly in
breathing the air poisoned by the carbonic acid, secondly,
running the risk of being asphyxiated for want of oxygen.
. This might very casily happen to us without using char-
eoal or anything of the 5(11:||:|: all that we would have
to do would be to shut everything very close, and
all of us to remain hers in the school room. How s0?
you may ask. 4. Ah! wealso alizorh oxygen and give
back carbonic acid. Our body burns in its interior,
just as the bit of wood burns in the chimney ; only quite
slowly, and yet without forming carbonic oxide. Dul
here we pul foot on anolher territory. Wo shall sce
about this when we come to speak of aniinal phy-
siology. .
. Larbionie acid is not formed only in our fireplaces
d in living bodies. In certain countries it oozes abun-
ntly out of the very earth. In the island of Java there

TEpE T ——

.]. What riua;liw of earbonie acid | ten per eent of carbonie aeid in a
i the air produces death? — Com= | room? — & What takes placn

pare it with the cxide of earbon, — | regard o the respiration P —B, Name
1 At what expenfe 15 carbonis acid | soma examples of the pafural forma-
formed in a rocm whers we breathe? tion of carbonie aghd.

= 8. Whal happens when lhlll'il
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is a valley in which the soil emits such quantities that” .
nothing can ever live
within its bounds, and .,
the very birds that
venture (o [Iy over it  «
fall down overpowered  °
and die. \mW"' :
at Pozzuolo,Hfere isa
grolto (lig. 23) in which
a man can walk without
danger, but into which
Fig. 23. — Carbowie aevd spread on the grouad § dog eannot enter with
kills the dog, but dees ot et vpen the oo Tming uﬁlllll}'liifl.lﬂﬂ

o hi the mrhuﬂ,m acid
that escapes from the soil. You ask why there is danger
for a dog whilst a man
is in safety. 1t s
because the carboric
a¢id being heavier than
the air remains low
down near the ground.

4. Carbonic acid is
also formed during the
fermentation” of beer®
or ?if wine®. Hence
the danger of making
wine or beer in in-
sulliciently ventilated
places (fig. 24).

2. Alter all this you
will not be astonished to learn that there exists a little
carhonic acid in the air, in variablg proportions, but
always under 1 per thousand.

014, Carhonate of lime. — 3. Carbonic acid'f's

Fig. 24, — Carbwoic acid 18 lormed 1 the
lermantation of beor apd wina.

i

{
nevertheless very frequently® met with in nature, no
free however, but in a combined state. fi
I will again have recourse to an experiment that his

already }'Ii'l:lﬂ:d useful to us more than once. Hereis a J

bit of lime* stone. I putit in a glass and pour strong

1. Ueder what other circamstancesis the air? — 3. Under whal form i3
carbonic meid formed ? — 1, In what | esrbopic acid fregeently lound ie
preportion is carbonic acid mived [n | natgre 2
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-
vinegar (fig. 25) over it. 1.You see it gives off bubbles
of gas: this gas is carbonic acid that the T
vinegar has set free. =
Wil what was the carbonic acid united ? .k
s

With the lime, wo have already learned that. ; f
I, we had submitted the stone to a very Figclly S Lo
strong-lieat for a good length of timle, the  stons the car-
carbonic acid would have been set free, ::F'pf s
and the lime only would have remained, e vivegar
and therefore had it subsequently been Bad ws e,
put into vinegar no elfervescence would have ensued,
2. Chemists give to the combination of this calcareous

substance the name of carbonate of lime, which name

indicates that carbonie acid and lime enter into its

{ composition.
/%2 4. Synihesis of earhonate of lime. — Be-

e leaving this subject, let us do as we did when
studying water. We have decomposed :

it by analysis, let us reform it by syn- i _«%’

thesis, &E R
There is nothing casier. We will _ Qyj

throw into a glass of water this little o

bit of lime, but we must take care, for 5

it is lime recently made, guick lime [ "ﬁfi'ffw'

as it is mtlnd,umi’ will impart no lide  *}. =5

heat to our water. There now it is 3

quieter and a part of the lime is dis- {..'._'_i_._"ﬁ_

solved. In order to separate this li- [w

quid part from what bas settled down =
at the bottom of the glass we will FIf 20 e Llat
filter it through some blotting paper  sull, therdis " a
folded and placed ia the funnel %ilg.ﬂﬁ}. fikiin: dlmatri Mun:
See how limpiditisasit runs L irough. =

et it conlains lime in solution, and is what is called

1 fme waler.

. Well, Sir, I'should take a pair o

- Now inorder to form carbonate of lime with this lima
water what must we add to it? Carbonic acid. Yes, but
how could you do so, what do you think, master Paul ;

E bellows and go and fill

resne stone coptains earbomic acid? | and lime? .

3 i

1. Hew do yoy prove that a calea- | to Lhe combinaticn of carbonic acid
= 2,What name do chemists give
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the bellows over the fire place where the carbonic acid .
cscapes from the combustion of the coal, then I would
blow the contents of the bellows into the glass of lime -
water., — Very good, very well thought of; but if we
had no bellows, or if there were no fire, what then,
what would you do, James? — [ have heard [apa sgy —
there was carbonie feid in soda water; [ would Hﬁt‘ﬁ%)t .
soda water into the lime Water. — =
Very true there is carbonic acid in
soda water; and it is this gas that
escapes when the Loule is opened.
Ah!'I gee George has found some-
thing. Speak oyt. — Why, sir,
since we ourselves produce car-
bonic acid by breathing, we should
only have to blow oup own breath
info the lime waler; that is ea
cnough, — Well answered, asou
Fig. 27.—The lims water zay il is casy enough, the diffiealty

becomes troubled. It is f iy i i 3[

because Gearg in blow- Wits to find the idea,  And torewar

g, inte w srbonic you for your sharpness, I will be

O e e FATLERNE Lou to make the experiment yourself,

i].i[l:tw into the water through this
straw {lig. 27). Do you sec how the waler becomes tur-
bid and thick looking as il you had poured milk into it
{. This change is produced by the presence of carbo-
nate of lime formed by the lime in solution in the |
waeter and the carbonic acid passed into it, George.
2. Tlas then is the synithesis of earbonate of hime.

Let it scuitle down in the glass. Al the end of the {
lesson we will pour off* the water; and then if we add .
some vinegar, we shall see the carbgpic acid furnished
by George's lungs rising in bubbles to escape.

Oxides, Acids and Salts. >"‘

216G, Dut we have not {ul uite finished with carbo-

-

nate of lime, it will still afford us several simportant 1
facts. As we have already said and seen, carbonic acid L
and lime enter into its composition. Carbonie acid, we

L. What happened whea George I name do chemists give to this rezom- 4
blewinto the lime water? — 4. What | posision af carbonate of lima? |
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know, is composed of 3 parts of carbon to 8§ of oxygen.

But what is hime? Is it a simple body? No, it is a com-

=* pound body, Composed of what? 1. (Of oxygen again,

and a simple body, a metal from which it is very diffi-

Y cult to sepavate it, this metal is called caleinm. 2. Gle-
uysts say that hime is an oxide of caleiuwm.

* U7 "Metallic oxides. — 3.° Queygen combines

= in like maner with all metalz, thus forming oxides.

This takes place with more or less case and rapidity;

but it always does take place. 4. I we bad al our dis-

posal some ealeiwmn, and were we lo expose it to the

air, 1t would rapidly absorl oxygzen, so as to become

lime. 5. More than this, were 1L thrown into waler, it

would feethwith decompose it, so as to take hold of the

Locygen it contains, expelling from its combination the

ydrogen. Tais then iga metal which 1s casily oxidised,

JLet us now e¢ast a glanee at iron. As you well

know, il can be lelt exposed to the air, without fear of

immediate injury. 6. Yetin the long run, il the weather

| be dry, or il it be lell a few days in the darmp, it under-

goes considerable alteration ; 1l rusts.  Chomists say it
. oxidises. And in reality it absorbs oxygen from the
I surrounding air, and the reddish powder that you all

=0 well know is the result of that combination. 7. Rust
is then an oxide of iron.

Now let us look al copper. It can remain still longer
than iron in contact WjHl the atmosphcre without under-
going alteration. Nevertheless in the end, under the
influence of damp it also will erudise and lorm a
greenish body cﬂ]ﬂed verdigris., 8, This verdigris con-
tatns ai ouide of capper, 3

9. We musl nowsludy mercury, that silvery figuid
metal I showedsyou 1n explaining the construction of
barometers, We might leave it no matter how long
o1 contact with air, and yePdeteet no alteration. 10, Bul
were we o make ithoil for some hours, we should seeits

o1 Of what Ig lime composed T — == B What happens to ircn when

. 1. What game do the chemists give exposed to the air? — T, What is
to lime? — 3. What tembination rust? — B Whal effest has damp
does ciygen form with all alber &P UpbR foppEr? — Vhat is var=
metals? — &, What would happen digris? — 9. What is mercery? —
to caleium il expdsed o the alry — 10, How ean mersury be oxidised?
5, low does ealciow act jn waleg?
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surface covered over with reddish powder, this is oiide
of mercury. ;

1. Lastly, silver, which never owidises by conlact with .
the air, vusts neither by cold nor by heat; no more does
gold. Chemists however are able, and that without dif- »
ficulty, although by indirect means, to obtain vxide of _
godil and owide of Silver. i o .

This more or less rapid oxidation by e simple o
contact of air explains why some melals are very fre-
quently found in the carvth in their natural state,
whilst others ave always foundin the state of oxides, or
in combinations more complicated still.

2. Thus zold, silver, platinum, mercury and copper,
are frequently found in the soil in a melallic o native
slate, that is'to say, pure. 3. Nalive tron on the eon-
trary is very rare. 4. Zing, tin, lead, are alyays combine
gither with exygen or with sulphur; but as they neit}
oxidise very r.'i;;'::llg.', nor have great affinity for o¥ygen,

it is not very diflicull to extract from them the oxygen
with which they are naturally united.

5. It is of course quite otherwise with metals that
have greal affinity for oxygen, calcium for instance.
They are never found in a pative state. And it 18 more-
over extremely difficult to extract their oxygen and
bring them to a metallic form. Even the hottest live
fails to attain_this result.

. From lime immemorial®, {fme has been known @ 1
but it is not until very lately that caleium was extracled
from it; this was oldained by the decomposition of lime
under the inflacnce of a strong electric pile. In like
mantier polassiwm has been extracled from polash, so-
dium from soda, magnesium from rgagnesia, substances
with which chemists have been acquainted for many aday.

7. In short, in one way or another with more or |¢ss
difficulty, all metals combifie with oxygen and so fo :
oxides. = i

For what property are gold and | = 5. What h:pp:ﬂlil ‘o metals that
silver distinguizhed ? —2. Name gome | bave a strong 2 nity for oxygen.
metal that are feequently foupd in | — 8. Name somo metals from wlich i
{he earth io their narive state. — | it bas only lately beos possible o
3. Mention a metal that is rarely found | extracl ibeir oxides. — 7. To sum
1 Its native stater — & In what eon- | up: whal do all melals form in
dilion are zine, i, and lesd, lound? | quubimng with exygent l|
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218, Non metallie oxides. — 1. Bul oxygen
alzo combines, as we have already seen, with bodies
that have neither the weight, the Lrilliancy, nor the other
gualities of metal. 2. Thus we learned that it com-
bined with carbon, and formed carbonic oxide and
caprbomie acid.

>-Wlth sulphur, it forms sulplhurous acid and

e sulplieric acid,

,{’ With phosphorus, it forms phosphorous acid
and phosphorie acid. -

5. [ might tell you also that it combines with nitro-
en in a real eombination, not a mixture as in air, thus
orming divers oagdes, the most impertant of which

are nitross acid and expecially nitric acid, sold under
the name of aqua fortis. 6. This last named is ex-
emely dangepous, burning horribly: the slightest louch

hit stains the fingers with ugly yellow spota.
o 7). Acids, bases. — [n mosl cases the com-
pounids of oxygen with metals are called oxides or hases.

Thus, potash, soda, lime, magnesia, the oxides of
iron, copper, ele., are bases,

The compounds that oxvgen lorms with non-metallic
bodies are gencrally called acids : we lave already
heard of carbonic acud, nitrie aeid, sulphurie acid, ete.

But you must moreover know that some bodies are

- called acids and bases although they conlain no
oxvgen,

For instance, mmmonia, isa compound of nitrogen
and hydrogen, notwithstanding it isa base.

And again hydrochloric aeid is a compound of
chlorine and hydrogen only: this is likewise the case
in sulphydric acid ghat which gives the noxious smell
of rotten eggs), M contains only sulphur and hydrogen.

tis for no capricious reason that chemists il-’l‘i‘ﬂ Bl

- ged things as they are. *But it would be almost im-
pdssible for me to explain clearly to you what induced
them to have done so.

I must however acquaint you with another character
which causes a body 1o Le called acid or alkaline.

1. Dees not oxygen combine with | 5 With nitrogen? — @ What do
mulals? — 3. What componnds dies | you know of nitrie acid, or aque-
it ferm with carbon? — 3. With sul= | fortis? £
phur? — & With phosphorus? = :
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-

Ladd to this glassfull of water a few drops of ammo- *
nia, 1 then dip in it this slip of blue paper that has
been coloured by tineture of litmus : the paper remaing °*
of the same colour ns hefore.

In this other glass, I have added 1o the waler some 4
drops of sulphurie acid. I dip into this glass alsg a
similar little slip ol blue paper.  See, it has immetiately
become red. If I now replunge itin the gla%s with the =
ammonia, it will lorthwith resume its blue eolour.

Hence it is said that acid substances redden the turn-
sol dye, whilst alkaline substances bring back the blue
colour. All colours obtained from plants are modified
in like manner by acids or by alkalige subslances.

I will now show you a very curious experiment. See
I take our pile, & glassfull of water and wo tubes, an
I dispose the whole as we did when we decomposed thg
water. (See p. 241, fig. 9.) OnlyIadd to the water s
drops ol lincture ol litmus, which gives a blue colour,
and o small quantity of a body calied sulphate of soda.

There, the electric current passes. You see thatin
the tube in contact with the positive pole, from which
G‘E'gﬂn is given off, the water becomes red: in the other
tube, on the contrary, the waler remains blue.

So, when a body 1s decomposed by means of an elec-
tric current, the acid goes o the positive pole, the base,
or alkaline constituent, to the negative salts. 4, Bodies
composed of an acid and a base are called salts,

TEera exist of these, as you may easily fancy; a great
number, since about<ifty metals are known to be capable
of giying bases. I must mention a few of the most
important.

n the first place, there are the carbonales : carbonate
of lime, that has already so oflen come Yinder our notice;
carbonate of potash, wh'n:hais to be lound sbundasily
in wood ash: carbonate of soda, which is used in a ::.r‘;q:?"
lized state for houschold purposes. Carbonates aro cagtly
recognizable by the fact that from whatever aeid Lhezi
be derived, when decomposed, their cgrbonic acl
escapes under a gaseous form. :

Then we bave the nitrates. The most interesting of
these is mitrate of potash, or saltpetre, which is 1o be

1. What caize s given Lo the compounds of an acid and of occide Npi_-'ﬂ-lﬂ"
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" found on old tlumr wills, It is used in the fabrication

of gunpowder, and is then mixed with sulphur and with

" earbon.

Several sulphales have considerable practical interest.
For instance sulphate of line, otherwise called plaster,
wiyeh we have h;mu[]y mentioned {See,p. 1204, sulphate of
soda, and sulphate of magoesia, much used for medical
purposes; Hl.!f]_lll.'l.le of iron (green vitriol), and sulphate of
copper (blue vitriol),

Amongst phosphates, the phosphate of lime is one of
the constituents of bone, and is much used in agri-
eallure.

The silicates hold an important place in nature : sili-

cious stofes (slate, argil or clay, granite, quartz) are
therewith composed,
Another category of salis is formed by acids that

Fortainno oxygen. (Those best known are the ehlorides

and the sulplacrets).

Sea sall 15 a chloride of sodium, that is to say, a com-
pound of chlore and of sodium : two bodies only,

You ean sce the dilference between these and the other
salts which we considered a linle while ago, such as, for
example, the carbonate of lime, in which exist 1. carbonie
acid [earbon and oxygen), 2. lime(calcium and oxygen):in
short, three bodies,

Metals generally used. — The most important of these
is iron, whose general use is greatly facilitated by its
property of being welded, when reddened in the five.

When heated %5 very intense fir¥ and brought to a
very high temperature it becomes sometimes cast metal,
somelimes sieel,

You all know the ®nany different uses made of iron
and other I'J].l]Lt'l—ﬂI]lp'D}'ﬁJ’ metals, such as copper, lead,
ting zine, silver, gold, mercyry,
¥in some circumstances, you know, several are mingled
togother o as to form the alloy necessary for indus-
trial usages : such are brass, alloy of copper and zine,
guch are aléo the bronzes, alloy of copper and tin in
different proportions,

The greater number of these metals I have first men-
tioned, have been know in ancient times, - T haye already
told you that some, such as gold, are fount in a purn
state amongst sand or in rdek, from which they are easily

112

oy
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extracted. Others, and these are the more numerous,
exist in the shape of oxides, sulphurets, or carbonates.

In these twa last cases, l!.m:,' are roasted in contact with
the air; the sulphur or carbionie acid escapes, and the metal
remains,

As for the oxides, they are mingled with the goals gnd
submitted to intense heat. The coal lays hold un the
oxygen of the metal, thereby forming carbonie acid and
carbonic oxide, both of which escape, leaving the metal
alone.

It is after this manner that iron is treated in blast
furnaces.

Metals may be by divers processes applied one upon
another. A thin coating ol gold or sl[]:'cr wfy be laid
on any other metal, ete. This is called gilding orsilvering,
Wires are also in like manner coated, s as to pmv%
rust; cooking utensils inlaid with (in, so as 1o avol
verdigris, ele. ) )

But many more interesting things might I tell you
about metals, had we lime,

SUMMARY. — CuemsTrY.

1, Simple bodies and compound bodics (p. 235-237). --
Bodies that cannot be decomposed are called simple bodies,

8, Compound budies are those in which there exist several simple
bodies eombined Logether.

3. 70 simple bodics are known al Lhe present day.

4. All metals enler inko his calegory.

5. The grealer number of simple bodies are solids: such are
gold, filver, iron, copper, zinc, lead, tin, sulphur, carbon, phospho-
rus, Arsenic. A

8. Two are liguids, one of which is mercury.

7. Four are gaseous, these are oxygen, hydrogen, nilrogen, and
chlorine. . L

§, Mixtures and chemlenl combinntions (p. 238), X
There is a very greal diference between a mizture and a chemigal
combinalion.

9. In o mixturs the nature of the Lodies mixed togelher remaips
unaltered, and tse mixture can be made in any proportion whal-,
ever. The phenomenon is purely physical,

40. In o chemical combination the natore of the bwdies pre-
gent s tolalls changed, and the union of those bodies takes place in
simple and dafinite proparlions, i

44, Air is 9 miziure; waler is a%ombination,
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12. Water (p. 2i0). — Water iz a combination of two gases
the one ealled hydrogen, the other oxygen.

Waler may be eazily decomposed under Use influence of the elec-
Irie current, this nln*L-.rmpuﬂlum gives one '-'ulume of sxygen for two
of h'-l.thl.\l 1.

13. Mydeogon [p. 292, — lsdrogen is an inflammable gas.

4. Il agnixture of air and hydrogen b sgt on lire; an explosion
ensues nn:l.owaler s oblained,

15. This happens in coal-mines, where fire-damp, o near neigh-
bour of hydrogen, eseapes from the coal.

16. Gas. The gas we burn is another refative of hydrogen; when
mingled with air and set on fire, it causes the same danger of ex-
plosion.

17. Uydrogen i3 1% times lighter (han almospheric air. It
might be wsed for @Grestabic purposes; bul on acconnt of the
expense 8 preparation incurs, common coal gas is used in its slead
o [l up balloons.  Gas iz 3 Limes lighler than air.

18. Oxygen #p. 290}, — Oxygen Kkeeps up combustion; in
wther words il is oxymen thal makes our fires burn and our lamps

"~ Lo give light, ete.

e e e i i ol

19. It is oxygen also that keeps up our very life, and along
wilh our life, Lhat of all animals and plants.

20, Alr (p. 246). — Air is amieture of oxygen and nifrogen in
the proportion of ene Gfth of oxymen Lo & GRhs of nilrogen,

Pure nilrogen is oblained by cansing phosphorus bo absorh the
oxygen of the air.

21. Nitrogen (p. 248). — Pure nitrogen is incapable of keep-
ing up combustion; even life is extinguished by it.

22, Carbon (p. 25%). — Carbon, combined will hydrogen and
exygen compose almost all vegelable maller.

23. Again il is wilh oxygen and hydrogen Lhal carbon is united
in all animal for as well as in vegelable oil,

24. In Whe fesh and in the brain, the carbon is moreover accom-
panied by nitrogen.

25. Andmal black is simply carbon oblained by the calcmal.mn
of bones in closed fess®ls,

26. Thus, it iz with jour stmple bodics combined (carbon, hiy-
drogen, oxygen and nitrogen) that nearly all subslances which form
Wie bodics of animals are constiluled,

2]. The coke lhal remains when the gas has been extracled
Trom the coal i almost pure carbon.

28, Bluck-lead or graphite, and diamonds, are also olher
forme of carbfin.

29. Carhonie oxide (p, 265), — When chareoal, coal, or coke
burn slowly, it unites with oxvgen and forms o gas called car-
bonic axide,

30, Carbonic oxide i=a very viclent poison. A<4housandih parl
of Lthis gas mingled with air saflices o Kill rapidly.




58 Y. — CHEMISTRY.

31. In cookmng ranges, heated with charcoal, and in stoves also,
a greal proportion of carbonie sxide is formed.
32, Thence the great imporlance of having chimneys that draw .
‘properly, and the greal danger of going Lo sleep in a reom heated
by o porlable slove.
33, Carbonie aeid [p. 256). — When either coal or charcoal,
or other combustible, burns briskly and well, il unileg with Lhe
oxygen of the air and forms a gas which is called carbonic acid,
which contains twice as much oxygen as the carbonic oxide. .
34. Carbonic acid, althoogh much less dangerous than carbonic
gaide, can, notwithstanding, occasion very scrious illness and even L
death.
35. Man, in the process of breathing, absorbs oxygen and gives
back earbonic acid.
36. Carbonic acid is also fermed in the fermentation of beer, and
in that of wine. I is the presence of the carbonic®acid thal
renders these lermentalions so dangorous.
37. Carbonate of lime [p. 253). — The casbonate of lime i
a combination of carbonic acid gas and lime, 1
38. Chalk is carbonate of lime, -
39. Oxides (p. 260). — Lime is an oxide of caleium, that is
Lo sa¥, a combinalion of owygen with tie metal ealeium.
0. Oxygen combines in like manner with all metals, thereby
forming oxides.
41, Iron rusts in damp air; rusl is a combinalion of iren with
oxygen of the air : il is oaide of fron. 3
42. In damp air, copper is covered over wilth a greenish sub-
stance called verdigris. This also is a combination of copper with
the oxygen of air, an oxide of copper,
43. Gold and silver never oxidise by mere exposure bo air, and
fur this reason they are always found in the earth in a pure state,
or o= il is said in a native stale.
&4. lron, zine, Lin, 11.'.1'4!, on the contrary, are almost always com-
bincd ejther with oxsgen or with sulphur. |
45. Lime is an oxids of caleium.
Potash iz an oxide of polassium. .
Soda is an oxide of sodium.
Magnesia is an exide o magnesium.
4. Acids-Bases, — Salts (p®*263). — Carbonie acid, sulph
rig acid (vitriol), phosphore acid, sifric acid, commonly calla
agua-fortiz, and in general all the compounds of exygen wilh ron-
melallic bodies, are acids, as Lheir names tell. .
47. Lime, potash, seda, and magnesia arc basess d
48. The combination of an ocid and a base is called a salt.- -
For instance, carbonate of lime (chalk) is & sall, composed of car-
bonic acid and oxide of caleum.
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SUBJECTS FOR COMPOSITION.

{* composition (p, 218). — Mixlures and combinations.

2= gomposition (p. 240), — Composition of water. == Ana-
Iyzis of waler by eleetric current. — Synthesis of water (p. 245).

# pomposition (p. 257} — Nydrogen, gombustible and axplo-
sive body, — N2 weight relatively to that of air. — Fire-damp.
— (ias that lights our citics.

i gomposition [p. 244), — Oxygen, — The part it plays in
combustion. — Its presence in waler, in air.

5% compaosition (p. 246). — Air. — s composilion, — Nilro-
gen. — Preparation of nitrogen with phosphorus. — Properties of
nitrogen (p. 249).

' congposition 1p. 245-251). — Waler is a chemical combina-
Lion, air a mixture.
| 7* composition (p. 252). — Carbon. — Its presence in ani-
igal as well as®in vegelable maller, — Divers forms of carbon.

# 8% composition (p. 254). — Production of the combustion of
carbon. — Carbonic oxide. — Carbonic acid.

8% compeosition (p. 238-259). — Analysis of carbonate of lima,
— Svnthesis.

10" composition (p. 200). — Oxides. — Salts, — Acids.



VI — ANIMAL PHYSIOLOGY.

020, It is undoubledly a very intercstiugjthinﬁﬂo
learn the names of nnimal:ls, ol plants, or stones, where
and how they are fonnd, how they resemble each other
or differ from one another, what use we can make of them
or how we are to guard ourselves against them. It is
very interesting lo know how bodies fall hf altraction,
how light is reflected, how electricity,is produced. Dut
what is infinitely more interesting still, 15 o foww how

to observe or to produce so many marvellgns things, an
to learn the history of the animals that surround u@)

we ourselves live, and how it has been possible for uE

1. whose history is pretly nearly the same as ourown. -

Physiology (from two Greek words physis, nature, and
logus, study) is the name given to the science that treals
of these vital phenomena
221, The three problems of physiology. —
1. Nutrition (fig. 1). Look at that brood of litle chickens
. in the court-yard.
Not one of them
weighs much above
1/2 1b; yet in a few
months they will be
as big as their father
or mother, and will
weighseveralpounds.
afier this they will
remhinaboulthesame
: : size and weight all
| e R their life long
Fig, £, In ux months the lils chidkens ; VVOr® [ to ask bow
will be a5 big a3 their father and motber : they are able to grow
i s thus, where they find

these pounds they' thus add to their primitive welght,.

vou would unheslluliugli answer that it is the result
of the grain they eat, of the nourishment they consume!

1. What is plysiology? 3 #

-

i
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. *But do you think thatin six months time, they Lave only
eaten one or two pounds weight of food? Ahl the far-
mer’s wilo u.-nuhlp tell you that you are greally mis-
taken il you faneied this, and would speak of bushels
instead n% pounds. It is then but a very insignificant
part of their food that remains in their bodies and is
peolitable to them. Moreover, even when they have
reached . their full growth, they continue to eat, although
their weight no longer inercases. What then becomes
of the food they eat, and what use can it be to them?

{. This, my dear children, is the first problem that
"hysiology raises belore us : what becomes of food, of
what use 15 it, and why do we take it? for we are abso-
lutely obliged to sat, under pain of death from hunger,
2. This®s the problem of nutrition.

a92, 3, Sensation. 3. Motion. — Yet notwith-

tanding the importance of the problem of nutrition, it
15 neither the most

curlous, nor the most
arduous  of those
presented to us by
animal life.

Paul, open the win-
dow suddenly and
hallooat the chickens,
See how they run
away (fig. 2). They
arefrightened. Now
let them get over ioes =
lhEIrf[‘IEhlnﬂdthrDW Fig. 2. — Tlpay"nn afraid : senaalion. — Soe
them some crumbs bow thoy ree @ movement,
of bread. There e T
they come vunniny [o pick if up, qmite dehighted, the
mu{her hen nuﬁ alrlr{lr qur. does Lhi;{ signily?

__/"This shews in the firgt place that they heard the
noise you made, that they saiw your gestures; in a word
they knew, they felt, that something or somebody was
there. [t farther shows that they understood that the
noise ands gestures were menacing in the first experi-

- ment, and favourable in the second. In short this

1. What is the first problem we mes with in physiology?— 3. What name
ia given io it? A
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implies, that having understood, they moved, that is & .
say, they gave orders to their feet and wings to move
g0 as to enable them to avoid a danger that they believed
40 menace Lthem, or to prolit by an advantage they saw
offered to them.

1. Here then are two ather problems. First @ how
are animals capalile of feeling, understandiag, wid-
ing? this is the problem of sensation and-of intel-
ligence. 2. Then : By what means are their orders
obeyed 7 How is it that the whole body, the feet and
wings when Lhere are any, obey the order, and execule
the necessary movement? This is the problem of motion.

We bave then before us three great problems.  We will
study them one after another. I wilt first speak to you
about motion, because it will lead us to learn tfe hisfory
of the bones and the skeleton, that we must necessarily
know in order to be able to study the t%o remaini
problems.

I — MOTION.

225, The three faciors of motion. — Come
here beside the table and lay your fore arm A, flat upon
it (fig. 3). Now fold
your fore arm A Lack-
wards towards vour
arm B (fig, 4). Very
well ; this is a move-
ment,  Letusseewhat
has taken place.

& Ypu are all per-
feetly aware that qum
is a bone B (hg. 5)
FIF. 3 — I;:.Eh}uur I-':.[:. b — Fuld the the irm an rauoth;?-

thetsble. - upon thesrmt. 20N G{in reality ther

aretwo)inthe fore-arm
4. These bones are in contact with each other at A, thé

physinlesy — 2 What is the Lhird T ]..--maplarnnbnnnmhr,'nmmpl._
— 3, Whal is Lhe bard sulstanes wa | Lhe eliow? E

1. Wiat is the second peoblem in name is givon Lo e poiot at which
feel in owr fure-arm? — K. Whal

[

1
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—" muscle,

ms of the compass. 1. Something
/im: is necessagy to coable them to move,
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elbow, and there work upon one another. The move-
ment you made Lad
the resull of bring-
ing near each other
the bone C and the
bone BB, just like
Ui two wrms of a
pairof conpasses,  These bones play on ane another at
,theelbow, z point disposed for that purpose, and which is
called a joint, or to use a beller expres-
sion an articulation.
These bones are hard as wood. Were
they all alone they would remain end
on end, wo more able to move than the

iz, 5. = Tled ones Cand 11 have }-Ia}aJ Gh each
otlier a1 Whe articulation A of (he elbow,

td this something is what is called a

Once more I ask you to bend your = 4
fore-arm back upon your arm. And e
whilst you do so, grasp with the other Fig @ o Vou feel
hand the thick part of your arm. During  that is bard and
the movement you can fecl at A some- bulky =i is the
thing that grows harder and bulkier the fore-arm.
under your grasp. This is the great .
mobile musele of the fore-arm, or to use the physiolo-
gical expression the flexor muscle of the fore-arm, thal
15 in action (fig. &)

2. There are then in this movement three parts to bo
considered : bones, articulations and museles.

1. The kones, or the skeleton.

3. We already know that? shelefon Tu‘%'. 7) is the name

gaven to the bony framework of the wi.m e body, and that

this skeleton is composed of three greal and distinet

Rprts : the pertebral column with the ribs, B, the skull
, and the bones CG of the limbs.

1, Whal pame is given to thal | — 3 Whal ia 2 skeleton? What
which causes the boces 10 move? | ara the Lbree leading parts  that
— & Haw mony ergans then have | compose a skeletim?

w: Lo consider in esch movemenl?

1%



bones that [ laid aside at dinner yesterday (fig. 8) : some
are long, A; others are flat-
tenedd out, B3 others short
and irregularly shaped, G.
Only, however dilferont®in
form, all are of similar com-
posilion.

Fig. 8. — Chicken bones,

P

Fig- 7. — lluman skeleton, Fig. 9. — Dones contain carbonate of lime,

A, skull, — i, vertebral colums, phiosphata of lima, and crganic matler.

C, bones of limba, - e isjmm bomes that phosphorus is
ealractod.

2u55, Composition of bones. — See, T put one of
these bones into strong vinegar {fig. 9). Immediately
tiny bubbles of gas escape from it : this gas is earbonic

acid. 2. For carbonate of Buieis one of the constituenig

of bones., They also contain phosphate of lime; indeed
it is, as I have already told you, from bones that
phosphorus is extracted. :

See here is a bone similar to the one We have, just

spoken about, but which has remained steeped in vinegar

1. Have all bones the ssme shape ® | tained im the bends, — What sul-
— 2 Name the two salts of lime con- | stanee do we obtain from bones?

. »-
T ¥1. — ANIMAL PHYSIOLOGY.
894, Various shapes of hones, — 1. Thﬂﬂﬂ i
Liones are extremely varied in shape : look at these chicken  ~
B
i
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for several days. 1. The carbonate of lime and phos-
phate of lini¢ have both been dissolved, and that which
remains of the bone is quite flexible. 2. If I put it in
the fire it will entirvely [iisztppcar : this is what is callad
the organic part of the bone.

3, It is the living part of bone.

+ 4. "Phus there are two parts in bene, intimately related
to eaclrother : organic matter and mineral matter.

This last has not always existed in the bone, 5. When
very young, bone contains no mineral matfer: it is al
lirst quite soft and flexible; afterwards the parthy matter
makes itsappearance in certain parts. 6. These sofl lexible
voung bones are called gristle or cartilage.

92 Strucfure of hones. — Let us cut this rab-
bit’s bone across, it is the thigh bone (fig. 10). 7. You

Fig. 10. — The bone is hollow and

contains bony marrow, which has
the property of making bore.

Fig. 14, — The vertebra of a rablit,
showing the spongy bissue A,

can see that it is hollow and encloses a sort of canal. 8.
In this canal is to be found a pulpy substance calleil
marrow. 9. [t iz this substance that has the properiy
of making bone, and that enables it to become whole
again when it has been broken or fractured, as doctors
say.

thIem iz a rabibit’s vertebra® (fig. 11); T alsoeutit across,
10.We do not find here a canal Ef!m marrow ; but the bony
marrow existsall the same, in this sort of intérna’ net-
work A which las some resemblanee to a sponge, hence
the name of Spongy lissue given to it.

297, Vertehral column. — 11. The vertebral

Yf column A B (fiz.12) is {8rmed of a series of vertebra, A,

1. Whal remains wles the ear-
bonate and phosphate of lime aro dis-
solved in vinegar? — 2. What nams
is given Lo Uhds matter? — 3. What
part of the bone is it? — 4, In that
case, what is thers in lLosest —
5. What pesaliarity do the bones of
poung animals present? — g, What

nama is given Lo lones thal are snafl?
— 7. Are lbones solid or holluw T —
B. What is in the internal eavily of
bomes? — 0. Whal properly does
marrew possess? — 10, Amongsl
verlebre by whal s the capal fur
marrew replaced? — 11, OF what is
the wertebral eolumn formed 7
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siled the one on the other. 4. Each vertcbra (fig, 18] -
15 composed of a solid mass or body, A, and a bony :
st o w  ring, Db, behind. Pray observe it
" - I say « Lehind » becauso it is
f/ our own verlehral eolumn [ have
in view; were Lalluding to aqua-
druped [ should say «alroye »e .
2. All these rings placéd one
above another enclose what is i
called the spinal canal,
Several regions are observ-
able in the verlebral colummn. :
3. First the neck, or cervical 1
region G, confposed of, seven
vertebra that have nothing par-
ticular about them, 4. Then
the thoracic or dorsal region- r
D, composed in mankind of 12
vertebrie, B, Fach of these l
bears a special bone or rib B
directed forwards, in a curved
manner, and united to the op-
' Busiln rib by the costal cartilage
{ it " and a series of hones G that 1
| | you can casily feel in front of
Fig.12.— AR, vertebral column, 1he chest. B. The thoracic ver-
SAlop N Ipler e tebree, the ribs, along with the
E, ribs. — I, costal cartilages. COSlal cartilages and sternum,

= [}, sterpum. — [, sacral ranls
region. —J. the eandal region.* form “'1_1.13 2 ‘sur_l of LE el k
K, bopes of the pelvis (hip). cage, wider in 118 under parts

L, Wigh boos femar), than in ils upper, commonly
D thocaeie & called the chegt, and scientifi-
0, lumbar  »

oy eally thorax (a sGreck word

_that has the same meaning).
7. Next the dorsal reglon com® the lumbar vegion, H, \T—

i
1, O whal i= each weriebra fom- | posed T—5. What important pesulin-
posed 1 — 1. What dao all Lhese rings, rity do the verlebrm in the dursal
placed one on anolber, farm? — 3. region present? In whal manner i e
Whal name i given o the region of each rib united 1o the apposite one? :

the merk t — Ol how many verlelrs s — 6. What do the dorial vertebrr,
it epmposed 7 = k. What pame iz the riba, the costal carlilapes and U
giver 1o the region of the back? | stornom form? — 7. What region
—Of how many vertelinm is 1L com- | comes after the Jorsal one?  °
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.- with ribless vertebrie like those of tha neck C, 4. then
the sacral vegion [, in which live
= vertebr are welded lui:ulhm' I R .
as to form only one bone, the E B e
% - sacrum, with which the bones K s
of the lower limbs articulate. Fig. 13
-

a b | - Y ; i * Vertebra Verlepra
4. Lns'll_],,_l:i_]u.._rn 18 llml candal . LRSI Aane
= vegion ], which in long lailed ani- frant. aboye,

g . mals has often a great number of e B i vl
. vertebrie, but in mankind is re- "yef %5 T olher certe
' duced to two or three little bones  bex the spinal canat, w
E which is found the spingl

called coceye. coid.

225, Skull. —3. At the upper

end of thevertebral column is situated the skull (fig. 14)
If i5 a sort of bony Lox, the cavily® of which

’}icﬂnlinlluus with that of the spinal canal (see p. 310).

o r ™,
Pl 14— Tha skl
A, B, orbits of tho ejes, F, verichrm of neck, .

C, nasal chambors, (i, elavicl (collar homn).
Dy, wpper jaw flzed. 11, scapula (shogldor-k1ade).
E, lower jaw movn}le. I, humerus (arm bona).
. he skull is composed of a goodly number of bones

ose names we will horealler learn. 4. In fronot are
thdcavities or orhits A B in which the eyes are set;
G, the nasal chambers, and the two jaws D E, sel
with teeth; petween which is the npening of the mouth.

-
b. ; 1. What mame s given 1o lho five bomes 10 the eapdal region? —
veriebra welded togother, in the g | 3. Whal is placed at the upper end

cral pegion ¥ — lI:'I.'I't:l bomes does of tha vertebeal column® — & What
the sscrum sappori? — 2. Whal are Lha caviliss wm front of 1ha
I pame & given 1o the threo littls | shuli?
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-

1. The upper jaw D is stationary, being quite one
with the skull. 2. On the contrary the under jaw

Eig. 15, — Upper b (orm 360 WO shaplder to the elbow)
: L soarpisiwristh Y =
b i | i1 metacarpus (paim). fOre-arm, waist, paim

I, phalanges {fnger and fingers. 4. Thie

the chest)
B, clawicle.
G, seapuia.
D, homeres (arm),

E, radius j
. Q=%
Frulsa §0o7

hones).

the wlna).

I is movable®, artieu- =<
lating with the skull
as you all know.

oufy, Limh ho-
nes. — 3. Theupper  *
fimbs {lig.715) (fore
{imbs in qundru{peds'l L
are composed of seve- *
ral parts, as you know :
the arm  from  the

1, elbow [rxtremity of DAMES Jgiven lo 1l

bones are, humerusy 1
for that of the arm Dy > 4

radins and ulna or cubitus for the bones T, IY, of
the fore-arm; carpus for the wrist bones G; meta-

i
e __"_//,—q
Fig. 18, — Eatremily el 3 Lal’s wing

showmg the four phalinx of tke
Gmgers A, B, O, D

secems Lo have four phalan
5. Ome of the two hones o

carpus for the bones I,
of the palm; phalanges I,
the flinger bones. In rea-
lity, the metacarpal bones
[those of the palm) are sim-
ply the first phalanges,
the only difference being
that they are not fres like
the others; but in this hat's
wing you can see they
are quite similar to the
otherse so that each linger
gos A, Br G, D (lig- 18).

L [ the fore arm, the culifus
or ulna I is the direct contfiuation of the humerus
iti-

is upper end J forms the elbow, hence ils name ey
tus, a Latin word meaning elbow, It so fils the hume-

1. Is tho upper jaw fized or mo-
vabled — 3. And the wnder jaw?
— 3. Whal names are given lo tha
diffarent parts of the spper limba?
— & Wit nune is given to_the

bome in 1he arm? To the twe bumes in ‘
tha fore-arm? To the wrisl bones ? To
the bones in the palm of (ke hand ¥ —
To tha finger boned? — 5, What does
the ppper end of the humerus farm ?
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1. The other bone, E radius (ray)
turns on the cubilus in the most
curious manner, carrying along
with it the wrist, and the whole
&f the hand., These movements
of the radius render us most
important services : no animal is
» 5o well endowed in this respect.
2. The arm is-atlached to the
body by two bones : the should-
er blade [(see preceding page) &
flat bone, with which the fiwme-
yrus D i®articulated, The shoulder
)h!udu is directed backwards and

lies upon ¢he thorax, without
bieing united with il anywhere;
the clavicle, B, or collar bone
is placed like a cross bar, pass-
ing between the shoulder blade
and the sternum, A, where it is
firmly flixed.
3. In tho fowerlimb (lig. 17) we
distinguish the thigh, the leg (from
| the knee to the foot] the instep,
the zole, tho foes.

4. The names of the bones are:
femur G, the thigh bone; tibia
and fibula the two bones B, B+
of the leg; tarsus, the bones F,
( of the instep, metatarsus the
bones H of the aole; phalanges
the bones I of the toes. "The
tibia is the thick bong of the

“front of the leg, shin hone as it
"3 called : it supports the body,
and exjends from the femur

i

,+. rus D as to execute only compass-like movements

Fig. 17. = Lower limb {lhigh,
. leg and oot}

A, saprum (inferior extremity
of the veriebral column),

B pelvis (hip).

G, Temur (Lhigh).®

B, patella (keee-cap),

IE, tibia L

E', fitula § Log):

F, G, tarsna (instep),

H, melatarsus (sole),

I, phalanges {tons).

J; vertebra (Jumbars).

! G to the tarsus F; the
+ fibula 1s.a long slender bone, it has no special use.

l L. What peeuliarity does the radivs | bona® To the two bones in the leg?
preseat  — 1. By what bones is tha Ta the bones in the inslep ¥ To Lhe

arm attached to the bady?—3. What | bones

in the soles of Lhe fest? To

do we reemark in the lower limb? — | the bones in ifie tues?

&, Whal neme 15 given Lo LEe®high

*
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1. The two lemora G, that of the right thigh and that 4 L,

of the lefl, articulate upon a broad and solid hony girdle,
B, ecalled the pelvis, A, (the haunch), which 1s jeined
Packwards fo the sacrum (the wader end of the verte-
bral column). This forms a solid base upon which the
body ean rest.

So much lor the bones: wa will now pass on® _l_g,.-HIﬁ"
study of their articulations, =3

2. Articulations.

250. 2. Articulations are, as I have already told
you, the parts D (lig. 18] where agy two or more
bones, that ave lo play on one another, cgme in
condact,

Fig. 18. — D, articulation. — A, hu- Fig. 19. — B, hgamenls balding
meros, — B, ulna, — G, radius, tho bones in place,

3. In order to facilitate their movements each of the
bones 1s in those parts covered over with a sort of po-
lished shiny ecap of gristle, constantly kept meist by
some drops of liqguid. 4. And in order to assure
« gufficient solidity to the articulation, fibrous bands

or ligalents {h{;. 19) pass from ono bone to an-
other, .

5. When, subsequently to a stumble orany awkward
movement lhese ligaments are strained, sometimes eve
rent, people say that the membd® is sprained. 6. When
the movement has been so violent that the two bones-
are rent apart, the articulation thus being destroyed, the
limb is said to be dislocated, and it is very impor-

1. Upon whatl do the twe femora | of Lhe joluls? — & How is Lhe solis
srtienlate? To what bone is the | dity of the articulation assured ¥ =
pelefs or basin joined ¥ — 2. Give | & What is 8 sprain? — 6. Whea
tha definition of an sriicolation. — | ja there & dialocalion™
3 What facilitsles 1he movemesls 1

I
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+ " tamt that it should be set in its proper place without
delay.

You can easily understand that artieulations may be
very diflerently shaped according to their destined fund
tions. Dut these are details into which we cannot enter
at present.

3. Muscles.

« = 231, It 15 much more interesting for us to go on
studying muscles, whieh play an active and efficacious
part in locomotion,

] 1. What physiclogisis® eall museles is what 15 com-

4 monly called Mesh or more vulgarly meat. 2. You
gan easily see that it consists of

/ mass of red filaments C (fig. 20)

aced alondside of each other and

r -~ lastened to a bone at each end.

3. Ofien the muscle is not itsell
fixed on the bone, but is attached
to it by sorts of strong whilish cords
A, A, called by anatomists® ten-
dons or sinews. The musecle in
this case acts by the intermediary
of the sinew, as you might draw

| anything, not directly with your rig 20—, eneofthe
hands, but with the help of a rope, ‘“":""’:':nﬁfa;]“’ i

] 952, Musculary contracti- "\ mscle G, cone
lity. — The filaments or fibres of !rarts thafore-armD,
muscles have a very peculiar pro- = ©

l perty. 4. When they are pricked, or eul, or burned
or struck, when they are excited by electricity, in a

word, whenevar and however they are irritated, they

shorten, or to use a more technical expression, they
ntract as physiologisis eay. 5. Evidently this brings

Uheir two ends nearer to each other, and along with

them, the bone to which they are fastened.

This is what happened to your fore arm a hitle
fwhile ago»

: 1. By whal name are muoscles | & What peculiarity do they present?
psnally keown? — 2. Give a defini- | — 6. What ars the eonsequences of
ticn of a musels, — 3. Huw sre the | this conlraction?,
masclea: attached to the bnnn?.—
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1. In your arm there is a muselo that passes from «
the upper part, A, of the humerus to the beginning of the
B, fore-arm. When it shortens, as the humerus is so-
bdly fixed to the shoulder, the result is, that the fore-arm
is lilted up in the direction of the arrow, carrying the
hand along with it. Of course the muscle cannot be-
come shorter withoyt becoming thicker, and thay 59’%.
you felt it become hard and bulky in {ﬂur arm.—

A very curious thing it is to siudy closely, this con- *
traction of the museles. Luckily the farmer's wile has
brought for supper a rabbit that was killed buot a few

e S T

\~_!s :

Fig. 21. — I touch the two caifds of the musele A with the iwo poles
of the pile. [t ; the musels contracts)

minutes ago. Paul, fetch me the electric pile. 2. I touch
the two ends of the musele A with the two poles
(Gg. 21), see how it immediately swells out and shor-
ens, and yet the rabbit is quite dead.

255, Number and variely of muscles, — All |
other muscles give a similar result, and you see I pro-
voke all sorts of movgments by exciting successively the
different muscles of the dead rabbit.

And*these are not few in pumber.  Somo set the feet
1n motion, bend or spread out the loeg; others act on the
position of the head, others on the vestebral column,
others on the abdomen. In short, to give you some idea
of their multiplicity, I mawtell you that upwards
two hundred have been counted in a man’s body, each;
having its own special part to play. 2

You must undnrsland], however, that il is not my in-
tention thal we should study all these muscles; that i#
for doctors and surgeons* to do, for they must needs be °

1. Show the effect of muscolar | 3. How can a mosele bo made Lo
sontraction o your fore-arm. — | eoniract by artificie] means?
3 -
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" well versed in anatomy, that 15 to say, the details of all

the parts of the body.

u% 4. Denth stilffening. — See the muscles of
the rabbit hardly contract any longer : In a few Mie
nutes it will even be quite impossible to excite any one
of them ; they will bo quite stilly 1. this is what is called
dio derth stiffening. This inevipbly happens to all
dead animals. 2. When it ceases, the musuilu is ready
to rot, or properly speaking lo putrefy; people say
putrefaction sofs .

Locomotion.

053, Thero ate many kinds of movements, all of
which are exccuted with the aid of the muscles : for
instance, we_ can at will bow down, lift up, or turn

about our head, carry our hands to our mouth or pul
them behind our back; open or shut our jaws, our lips,
our gyes, clc., ete.

But there are some movements of peculiar interest
because they enable us to move from place to place, to
walk, to run, ete. 3. These are said lo be movements
of locomotion {from the Latin locus, place, and mo-
vere, to move), It is to such movements I now wish to
direct your attention.

0xG. Standing. — 4. In the first place, I must
tell you about the muscular action required to stand
upright.

[ seem rather to astonish Master George. — Why,
yes, Sir, you speak about movément : when a_person
2lands he makes no movement, for he does not stir from ;
the spot. — Whay, you say looks true enough cerlainly,
and yet it is ot so; for il the person makes no evident
movements, at least he hinEurs cerlain  movements
being made, See, stand forward before me. Do you

- think yon could remain so for a lang time. — Oh no,

&ir! one is soon tired of standing motionless. — Why

. should" one soon be tired? — Because one must keep

1. What pheromenon may ke | movemenls that enable us lo walk?
shsarved in all desd animals? — | — & Whal pame is given to the
2, Wlhanha rigidity crazes, inlo what | mukcular setions thal onable us to
stata will the mussle shortly enler? sland wpright?

— 3 What name is given lo the 3
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perfectly upright. — And how do you keep yourselfl e
quite upright? In stretching your legs, your back, and -

Flg. 2x. — The upright posilion ia
nol a glale of repose, far from it :
that can only be obtaiwed by
confraciing corlain muscles.

A, musele of the enll which pre-
vefils the leg (from tho knes 1o
tha footy froen falling in front.

C, musele Which prevent the Lhigh
frem bending backwarids,

F, muscles which provent the
body from falling forwarid,

G, mussles of the loins which
suslain the verlebral columm.
H, muscles of tho npeck thal sup-

port the head.

This muscle presents a curious .
its lower end il is terminated by a thick sinew; this is *

your body, is 1t not? What
would happen were you not
to streteh yoursell uj'}':’ — My

LS

legs would bend, and I should
fall down. A o
— Well, of course thatWould +

be the result, and certainly l
this downfall would be a move= =  »
ment, though an unpleasant
one that you would rather
avoid. How do you avoid
it? 1. By *contracting cer-
tain muscles.  TFollo® atten-;
tively what I am going to tell
you. . ;
See here, your foot rosts
firmly on the ground. 2. If'you
did not keep your musecles
tight, your leg, from D (o I
would bend forwards. T,
keep it from doing so, the mus-
cles A of the call of the leg
(fig. 22}, which reach from the
tibia [silinbone} lo the heel,
contract vigorously, Put your |
hand on ﬁ:em, and you ean

feel that they are hard. Thus

you see the leg is fixed straight

above the foot. 3. Apain wero i
you to let your mus::ﬁ:s slack-

en, the thighrog Do G would

bend backwards. To keep you
upright, a powerful musc]ilc O
situated in front of the thigh, .
contracls and straightens iv
ceuliarity. . 4. At ‘

1. How do vou Xeep yoarsell
apeightt — 2. Which muscles pre=
vent the leg, from the knee o the
foat, from beoding forward 7 3. What

mesele  prevants the high from
beeding backwards? — &, Whal pecu-
riarity dees Lhiz muesele present?
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in itsell nothing boyond that which we have already
seen, but what isvery romarkable is, that in the middle
of the sinew a bone cxists, the patella or knee pan, tha}
presses, when the musele is in action, upon the lemur
{thigh bonel, and on the tibia (shinbone), and which

_¢oses the front of the knee joint : with your fingers you

can easily force this patella to move?

So mueh for the leg and the thigh. 1. Dot the body
also would fall forwards were it not kept up by the large
muscles that are [astened behind o the pelvis (the
haunches). 2. Lastly, the verlebral column and the
ficad are also kept up and sustained in ercet attitude
Ly the contraction of the muscles of the loins G and
the neelanH.

tanding upraght, far from it
4. Ttis EDI‘ this reason that the calves of the legs, the

] ) 3. S0 you see your body is by no means at rest when
-

thighs, the loins and (he neck are soon pained under pro-
longed standing. Even when seated, neither your ver-
tebral eolumn nor your head is at rest. And that is
why backs were invented for cliairs; for that reason also
you let your bodies lie forward on your desks, although
you are told that this is a very bad habit, and that you
may become hump-backed if you do not take care.

857, Walking and running. — From sland-
ing to lecomotion the transilion is casy. George,
you that have remained on [oot, lean forward; more so,
and yet more so... Ah, you were just going to fall, so
you put forward your left foot : indoing this you made
a step. There you are now in equilibrium on your two
feet set apart. Lean forward once more; again you feel
ready to fall, and #his time it is the right foot you pass
rapidly in fron? of the lelt. You have thus taken an-
othier step, yon have walked. 5 Walking is then a
eries of parlial falls tn’ a forward direction : falls
checked just tn tume,

In walking, at least onefootis always on the ground,

the body heing supported alternately by the one and the

other. In running, the feet are in such rapid motion

3. What copclusion do you arrive
al in eontequence? — &, What ars
the results of slinding a long lima?
— B What ks walking?

1. Which muscle prevents the body
from falling lorward? — 3. Which
are the mocesles thal seslain the ver=
tebrel ecolumn and the liead Pe —
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that they are never both at a time on the ground; and at
regular intervals the body is altegether in the air, and
got in contact with the soil atall. 4. So running is
a serivs of leaps.

There is great variety 1n the detail of locomation ot
ammals, ¥ b s
2. Quadrupeds walk, trot, gallap, sle.; aérial 'j]..]}ir]ﬁ-."]f;
fly; agqualic® animals swint; limbless animals t‘reell:.

3. But however varied these movements may oulwardly

be, they are always the vesull of muscles contracting
and acling wpon solid parts. 4. In the case of verte-
brates®, the solid parts are the bones; in the case of in-
vertebrates®, the muscles act upon the hardened skin,
as with insects for example : be tihis as itmay, the muscle
always plays the most important part. 1

256, Voluntary and inveluniarysmotion.
i\

All the movements of which we have just been speaki
are voluntary. 5. You can lilt your arm or keep it
still, open or close your mouth at will. Yet there are
movenments that you can make at will, but which
gour will cannot prevent. 6. Thus you can wink as
oflen as you like ; i)ul I defy you to keep from winking
were I to touch your eye, or cven wers I to make you
believe [ wished to touch it: you can also accelerate
your breathing, but you cannot aveid breathing., Put a
bit of bread in your mouth and chew it; as long as it is
in your mouth you can do with it what you will, but
once it enters into your throat it is seized, carried off
and swallowed without your having any more power over
it.  We have then belore us a second calegory of move-
ments that are to a cerlain extent both voluntary and
thvofuntary. e

There also exist others, quite involuntary, which

we can neither produce nor finder, and of which w
often fiare no knowledge. Y. Por instance, unless wa

ut our hand on our breast we do not feel our heavf
al; we fiave not the sensation that our stomach and

L. What is running® — 2. Nama ; serlebrates? — B, Name some vo=
the diferent varieties of lecomotion | luntary movements. — 8. Mention
in animals. — 3. In & general man~- | some movements thal ean be pre-
per Bow are (hese movemests pro- | duced 8L will, bul othat casmol be
deced T — & By what are the bones | prevested. — 7. Nome some- olhers

ordinarily replaced smoogst the io- | that®ara quite inveluntary,

|
:
|
|
!
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our intestines contract, and we might vainly endeavour
to accelerate the beating of our heart or the contraction
of our stomach, .

These movements over which we have no control, are
the most important for the conservalion of our existence.
Were we able to arrest the beating ol our heart or our
regpiratory movements, we should immediatoly perish :
1t 15 therefore bettor forus that we have no power over them,

SUMMARY. — MoTtion.

' 1. The three problpms of physiology are Nutrition, Sensation,
and Motian.
2. Motlon (p. 273, — [n every movement thers are to bo con-
fdered : the E-u‘m'd, the joinds, and the wmuscles,
J 4. Bownes (p. 273}, — The skeleton is composzed of three distinel
" paris ; the spinal column, and rils, the skull, and the bones of the
g fimbs.

4. The bones are composed of an organic or animal substance
called eartilage, and of a slony-mineral matter formed of cardo-
nate of lime and of phosphate of lime.

3. The marroto, which has the properly of making bone, is
found in the interior of the bone ilself,

f. The spinal eolumn {p. T76). — The spinal colomn is
composed of vertebraz, which verlebem are themselves formed of a
solid body and a ring or arch.

7. The saperpesed rings of all the verlebrar form a sorl of ube,
called the spinel canal, which canal communicates wilh the cavity
of the shull.

8. The dorzal or thoracic verleben benr eibe, uniled in front by

: e eostal cartilages, and the slernwm. The kind of cage thos
formid is the thoras. s

9. AL the lower parl of the spinal column, five vertehro, elosely
united, form one singlebone, Lhe seerem, which is allached to the
_ bene of the pelvis (haunch).
AD. Fhe skall (. 277}, — The skull is placed at the upper
- extremity of the spinal column.
" d1. In the skull you can obizerve the orbits for the two eyes, the
cavilies of the nusal chambers, and, underncath, the two jaws bear-
1 fng eeth.”
\ 2. The upper jaw, inlimalely uniled with the skull, is fized ; the
. under jaw moves up anid down.
' 43. lkrnn.u of the lmbs (. 278, — The bones of the upper
libe dre : the Aumierus, which passes from the shoulder to the
elbow; Lhe radius and the wlia, from the elbow’lo the wrist; ha
carpus, which comprizes L& wrist bones; the metacarpus, which

-
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comprizes those of the palm of the hand; and the phalanges or
bones of the ngers.

14, The cibow is formed by the extremity of the ulna.
* 45. The humerus (arm-hone) articulates upon the scapula or
shoulder blade, which is lodged belind wpon tho thorax, but with-
oul hewever lixing itzell to the spinal column.

The seapula is supporied by the clovicle (eollar-bone), which e —
tends from it to the sternum (breast-bone), to which il is solidbyfTed,

46. The bones of the lower members are: the femure, which .
extends from (e hannch to the knee; the tibia and the filml,

which extend from the knee Lo the ankle; the tarsus, which com- A
prizes the ankle bones; the metatarsus, which comprises the bomes
of the sole of the fool; and the plalanges or bones of Lhe loes. f
17. Desidesall these there is still another bone at the knee called |
. patella. 5

18. The two femora articulate with the pelvis (hannch b%) which
¢xlends to, and joins the saerwm (lower extremity of the spinal |
column). -

19. Joins (p. 180). — Joints or articulations are those poinls 1
ab which two bones, destined to play on cach olher, come in contact,

20. To assure the solidily of the joinls, there are bandlets or
ligaments which go from one joinl Lo another.

21. A sprain is occasioned by the distending or rending of
theze ligament=; when any {wo bones are lorcibly disconnecled a
dizlocalion is the result.

21. Muscles (p. 251). — huscles, vulgarly called feah or
meal, are maszes of red flaments or ibres Oxed to the extremilics
of the bones, and having the property of contracting or shrinking.

Instead of Being fixed directly on Lhe bones Lhemselves, they are
altached to them by means of fendons or sinews, a sort of cord,
white and firm.

23. It i= our muscles which permit us to meve our arms, legs,
liead, jaws, lips, checks, éves, ete.

24, When we stand upright, il is lhe contraction of muscles
that prevent Whe body from bending,  To stand, then, is nol Lo rest, l

25. To lif your arm, W open your moulk, ole. are voluntary
movements: Lul there are movements which are To a certain extent
both volwntary and mvoluntary, such as winking, for example;
others again are always involunta®y, such as. the beating of l.h.ie-F‘
beart, or the contracting of the stomach, L. -

[Bimple Subjects for eomposition are Lo be found at page 323 3

a

[l — NUTRITION. <

259. How, and why do we eat? We are all aware |
that we take ;'ou-:l, that we digest, it, that we absorb the
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slt‘{tﬂl‘ part and that we eliminate the rest. Bul how
oes all this work go on, and what 1s the use af it?

1. Digestion.

40, We procurs [ood, we put it in our mouth ; when
this food is of lLittle bulk, or when it is liquid, we
swallow 1t unrn-.d:.tl-,h. when it 18 fog big for this we

= chaw or mastieate it, in order to break it up.

24l. Tecth, — 1. The lel..l.,‘;b of mastication” is
gONG through with the hel ip of the tcctl‘l that cut
1d masticale, and the
gue, a musetlar
ramn, vely active and | ko
-:]I, mmul that con- ""f"iLT-"_‘.cJ,:_h £
ntly brings the food }u.
under the 'Il.,{,lh and
rolls it into a sort of Se=a_
ball when rEﬂ-ﬂ}‘ to be Fig. 23. — Human jaw, showing Lhe lecth
swalloed. s R
2. There is greal
variely in the shape of feeth {fig. 23): they are sharp in
fromt, tncisor teeth A; pointed on the sides, canine
teeth I grinders J::u:llm molar teeth G. 3. I have,

& o
N i e
b ey |.| ¥ e saa t"“‘{-\@
FF TRy

ng N ¢ s~
Fig. 2%, — A eat's Fig. 23, — A sheep's Fig: 3. — Arabbit's

law. . jaw, jaw.

or rather [ nught to Enu,, in my mouth in each jaw, & in-
cisors, 2 canines, 10 molars '1]lnr'cthur 32 teeth. 4. You
Yuildren when under seven had nnlv 20 in all, having
bitts molars in each-jaw. Sulbisequently you lost those,
and your gecond dentition began.

- The numberas well as the *ah.q’m of teeth varies greatly

L How is mastieation performed? | lHow many canine? Tlow many ma-
- 2. What-ars lhe diffavent- kinds lara? — &, How many leeth have we
of lesth? — 4. How maoy incisors | up to ke age of eaven? — Whencs
oag an adolt man jo esch jaw? - | comes ihis difference?

13
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aeeording Lo the group of animals to whieh they belong.
W have already seen that those of the eat (fig. 24) differ
o trom those of the sheep (e, 25) and those of the ralibit
g 26} But they :ll.{ hieve essentially the same com-
position. 1. They are all in ivory, and planted by
oue or severl roats BB (lig, 27) into pits or alveolinl

Fig. #1. — Teeth of man. L
A, erawn of the tooth eovered with ivory.
B, reot or f2eg of the teoth, implanted in U sgeket of the jaw.

. voln
I srtacies | Blood vessels,

B, elusiers of nerves,

the jaw. 2. The part A that protrudes from the jaw bone
is covered over with enamel, a transparent substanee-
harder than the ivory. 3. Inside
[, ("‘\. the tooth is a cavity inle which
= e g, run tiny blood vessels and nerves.
4. When it happens that the
g+ enamel is destroyed, the ivory
decays and =poils very easily,a
linle 15 formed and the tooth decays.
If the hale reaches the eavity in
which the nerves are lml;;ur.il, it
z A oives rise o aeuln e, as almost
Fig.14.— A salivary ghinds.  everybody unfortunately knows
from expericfee.,

242, Saliva., — 5. The mastication of the food is
facilitated by an outllow ofgsaliva, a Nuid formed -i
the salivary glands A [hg. 28 L&

6. The name glond is given in physiology to nrgi-.ﬂs

I Of what materal sre tecth produred® Wien 1 Lhinrn 8 painifl

furmed ¥ How are ey rlaced ¥ — AelralionY — § I:-IL whial Leepard - *

2 Wik what marerial s thal pari warticalion fsciftated® — 8 To what
of e teelh coversd 1linE I8 BI- Efgans 14 Lhe name of Eland givem
pasedt — 3, What is found in the | in physiclagy® Xjme somds of tha
avity of the tomh? — & From glauds.

kil causa (4 lba decay im icpth .

|
".
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“4he aliments, have .|
gen properly mas-
and mixed
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that secrete, that 18 to say that fabricate and give out par-

ticular liquids or products: thus tears are formed in the

lachrymal glands, 2

sweal in the sudo- ’

riparous glands.

1, The saliva run:

ifto 1he" mouth by

several small open-

ings, some of whieh

are under Lhe

tongue, near its |

root, and are very
“-asily seen, Y :

0 945, Pegluti- "/
Yion. — 2. When

ticate

with saliva, the
tongue gulde_:‘; them
to the opening of
the throat, where
by a muscular con-
traction they are
seized and swallow-
ed. This operation
is called degluti-
i,

244. Alimen- Fig. 20. — The argine of tho chest and abdomen
. g == i £ 1! i)
tary canal. — separslad by the -igr:phragm.. seen [rom the back.

3. The aliments A, tuba, where the locd | E, kidneys, ”
then descend a sorf,  Prsses through (wso- | F, maw intestine

i Gy |
of tube A (fig.-297 s T [;;::rqla-
cal!.ed msuphﬂgusl 2, stomach. 1, small inlestine

.lu-ﬂ.tl!d i[l_ rm[lt Dl‘ D, the :Trnn_

tha vertebral coluian, therein they traverse the whols
breast and arrive at the stomach G. 4 This tube is of
course v¢ry long in long-necked animals, and it is quite
easy to see the food passing down in the neek of a horse
or i goose.

mauth? — 2, What ia deglutition? | is to be obssrved in the alimeniation

L. How does ths safiva enter the | a4 #oon as swallowed ? — & Wil
= 3. "What betemed of the alimantz l of animals =ith long necks?
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.
4. The stomach is a sort of pouch (fig. 20) eapabls, in *
man, of holding about from two to three pints. 2. From
it the food passes into the small intestine, another tube
about the thick-
ness of one's
thumb and eoiled
on itsell *a_gredt
number of times,
this leads into the
large intestine
F which carries
off and expels the
uscless residue.
e These in-
testinal canalsarg
girded with mu
cular fibres)
which by their

contraclions, 1
force the aliments 1
L

lo make theirway
[rom oue end of
the alimentary
canal to the
olher, that is from
the mouth to the
large intesting.
945. Diges-
tive juices, —
It this is mei-
ther what 1s most
. curious nor most

Fig. 30, = The organs of the thorat and abdeinon
separated by the disphragm, seen from e front.

B, heart. F, large intestize.  * important in the
C, stomach, i3, liver, di =
L, spleen, 1, small intestine, ligestive opera-

° tion. \-?
4. The food not ooly makes its way through the ali4 |
mentary canal, but it is also transformed therein under
the influence u-t.}(' liquids or juices, infused irto it by l
different glands. - % e 1

1. Aboul whal is the eapacity of &
man's stomach? — 2. Whera do the
alimests eoter on leaving the sio-
mach? — 3. In the digestive tube

composed of inerl lubes? — &, Do
the ehiments cnly pass through fhe
digestive tubat : ,

i
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4. The frst of these juices is the saliva. If any of
vou have ever happened to chew and rechew for a good
whilea little bit ol bread, you may have observed that
after some time the bread acquired a sweet taste,

2. And this 13 pol astonishing, since salive has Lthe
L:Eucl nl"_Ei-':m.x'ln"ur'!JrFJr{{ brend inde sugar, or to speak
with-more preeision the fowe or stireh futo sugar; it

* is of no conscquence whether this starch or flour be
made [roin wheat or potatoes or peas, ete.
3. The cout of the stomach is hesetwith minute glands,
rom which ooze out, drop by drop, & considerable quan-
tity of juice ealled gastric juice n;!‘mm gaster, stomach),
&. Gaslrie juice dissolves meal, white of egg, and in
general all animal matter,

5. Blesides, the walls of the small intestine are all beset
vrith small glands from which oozes a juice capable both
of transforming into sugar all Moury or slarcﬁu.’ maltler,
and dissolving all the meats which have escaped the
action of the saliva and the gasiric juice. 6. Another
gland almost as big as my fist, known under the name
of pancreas, acts upon meat, loury, fat matter.

. There is alzo an immense gland called the liver G,
lodged at the right side of the abdomen near the slo-
mach. This secreles and poursinto the small intestine,
the greenish yellow bile; in doing that it also effects
important changes in the blood itself.

46, The purpose of digestion. — 8. In short
vou sea that the purpose of digestion is to dissolve the

I aliments, and so act upon them a& to render them fit

for use. £
! i 2..Absorption.

247, Blood the dispenser of food. — But why
lthesu}qrmcascs. 9. It ® because, our food in order

a:be able to feed and nouwrish us, must needs pass
! through the coats of the intestine and enter into the
"1, MName ane f the digestives Juives thesa glands, name one that Is
. * e What in the elfect of saliva?— mearly as large as the fdsi, —7,What
3. Mame juies eecreted by the ste- | is the fumction of the Her?
mach, — & What 15 the effect of | 8, What Is, |o short, the purposs

gastrit jillea? —8 What is the offics | of digestion? — & Why all thess
of the glands that are foood all slepg | processes? *
be small inlestima? — B, Amosgst ;
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L]
blood, Of course if the aliments remained in a solid -
state this would be impossible.

1. If the aliment remained in the alimentary ecanal
alone, it would Dbe of no use Lo the ]rm]:.', one mizhl
almost as well have it in the hollow of their hand. For
the shin that covers over all our body, enlers from
the lips cnd lines the whole alimenlary cmul‘&qf‘

2. Only it loses the appearance it has outside the
body and becomes more pulp:,r : in this state it is called
a mucous membrane. -

3. The dissolved aliment must pass into the blood,
and be carried by it to the utmost parls of the body.
For, as you well know, there is blood everywhere in
your body: you may prick yourselves no matigr where,
with the finest of needles, & drop of blood will alwaps
be fortheoming. 5

3. Blood and Circulation.

248, Blood. — Were I to ask, whatis blood? You
would all answer: it is a red hquid. And indeed it
looks 0. 4. Only in reality, blood is a yellowish

l
At ‘
m !
- i i l
Fig. 51, — A, drop of biow, Fig. 32."— Mmmifieation of a blood '
and it3 corpuscules (88 scen veasel secs umiber 3 microstopa.
with & microseope). A, artery, — B, vein, — C, upr‘:larr
®  vessels, 3

liguid 1 which float a countless number of finy il
bodies ealled eorpuscles. In a eubic ling ,there are
about 50 millions of those little bodies {figs31). Lilde

1. [oea the aliment prodoce any interior af the month® — 3, In wlat
peeful eifert as long 6 1 remains s | sondition does tha alinsnl serve to
the Aigestive tube? — 3. Whal name nourish vs? — & ¥What s blood
i given fa ke gkio that lines Lhe '

®
o amy onlEEEEE
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“though they be, they are so very numerous that it is
computad that were all the corpuscules eontained in
:+ the blood of one man (about a gallon and a quarter) o
bie laid in a single row elose end to end, they would
form a chain long enough to go & times round the globe,
249, Congulation of bloed. — When blood is
Mawn [Pom a blood vessel and set 4n contact with the
« air, it Eoagulates, thal is o say, it curdles into a jelly-
like mass.

Aflter a short time the relatively solid part thickens
I end shrivels up until it becomes o sorl of -I'L'II'I.'{ red clot,
which MNoats in a yellowish liquid called serum.

This curions property of blood is of very great im-
portance, i.nrleu{li: were it otherwise, the least cul or
wound would bleed until eomplete exhaustion took place,
thereas coagnlation stopping up the opening of the
pesel, hinders the outlow and allows the blood to re-
take s regular course.

00, Cirenlation of the blood. — Blood is
contained in fine twhes or vessels, disposed in a compli-
pated network all througlh the body. 4. In the breast,
a lintle to the left, is the feoart B (p. 292), a sort of pouch,
or rather a sort of hoellow muscle, that contracls with
regularity, expelling the blood it contains,

2. The blond is brought to it by veies, and is earried
out by arteries. The arteries break up into swaller
and smaller branches as they approach their destination
(lig. 321, 3. They terminate in very ling tubes called
capillary vessels, thus named [rom the Latin word
copillis, lair, although they are much finer than the
finest haar, 4. These capillary vessels put the arterics
we conunandcation with the veins (lig. 331, thus per-
mitting what 18 cdlled the circulation of the blood.
The veins, unlike the arteries, carry the blood back

the heart, and unite o®orm larger and larger trunks
as they approach that organ. 5. The blood fiows with
greal }ir[m:r from the heart through the arterics into

Bl i

the c=1|ni;ﬁurius. thentee into the smaller veins, then into
: r

1
4 LW Bl s Loe Tunetioe of the Leark? & What leve the eapullary vessels
— % Mow 15 Lthe Diooed LEbec e the o dao% — B Whal dourse dore tha
lEarl} e==" Ei!- whatl & i earmed biduaod pake im g 1k rougt 1he bosdy Y
|l ant af the boart? =3 o= do e = JJuw fong 8 Ldne does il take?
1 weins and aflenes bermonale ¥, —
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-
the larger veins, that bring it back to the heart ; all
this course is gone through in hall & minute,

1. The walls of veins are thin and fAaceid, so that
“when opened, as in bleeding, they have a tendency

£ to fall together, thus causing
[ o0g the opening to close; the
fore, unless the wouhds be#ar
upon the large veins of the
thigh, or those of the armpit
or the neck, but little danger *
18 incurred,

2. On the contrary, arteries i
are rigid gnd tube-like, and
when one 15 accidengally cut, .
the blood bursis forth wit
gsuch foree that,il sometim
springs 3 yards off, henc
hemorrhages (from the Greek
haima, blood, and rhago, to 7
burst), which would soon prove
fatal if the open artery were
not bound up in time.

3. This property of arteries
allows the blood under the
impulsion of the heart (geme-
rally once every second) to
produce the shoeks one can
easily feel whon the arteries

are near the skin, as at the ‘
S S et temples and the wrists : this
Cr pultionary arisry, is what doctors call the pulse®. ) I
B, oo o i 6. OF a that T havo boen ¥
E, veins and arteries of the lD”lTIH ]’ﬂn E.I!l.'ll.ll. the IJIUEH'J,
EiioeE. what 1 most desire you. to
keep in mind is this : there & a circulation caused
regular contractions of the heart, and resulting in th
forcing of the blood from the heart along the arterics
to the capillaries, and from these through the veins '
back again to the heart, K

Fig: 33. — Circolation of blood.
A, heart,

L. Whst in the nature of the coat- | of the arleriea? — What name is I
Ing of the veins? — 2. Whatis the | given to these shotks? -+ &, What
natere of the costing of the arleries? | most bé rememberel about the eip= 1

= 8. What rescits from the rigidity | enlytion of the blood?

LAY
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This 15 all wo shall have to say on this subjeet al

resent.
preach .

&. Oxygenation.

“051, *1. [ bave already told you- that it is into the
« Dblood, and by a very curious mechanism, which we
L will hereafter study, that the nutritive malter passes,
alter having been reduced to a liquid state. 2. Once
there, the blood earries it off and distributes the needful
share to every part of the whole body; as for what
. remains, it is destroyed, or rather consumed, burned
up in theblood itself.
¢ This scems Lo astonish f'au. I think I can hear you
;, it is rea]ly mot worth while putting food in the
lood merely that it may be destroyed! Besides, how
could it be consumed, or burned, there is no fire in the
interior of one's body,
' Ah! but there is fire in the body, my dear children;
)

et

not a big raging fire certainly, but a gentle fire, pro-
ducing neither llames nor smoke. 3. And the proof of
this is, that we have |[when [ say we, | frlr'ft!r!'-:: with
us mammalio and birds), as I have already said and
shewn you, an iuternal heat of 98 to 104 degrees
Fahrenhvitor 37 Lo 40 degrees cenligrade, temperature
much higher than that of the surrounding air, In the
depth of winter, in the izy regions of the North, when the
oulerair is at 50° under the freezing point, when the very
mercury feeezes in the (hermometer, man still retaiis
fiis usual temperature. You sce, then, there must be
some fiternal hire tgat keeps up this heat.
But, you ask=me;what can produce this fire? What
prndu:cs it in the stove, James? — The coals we put in
~Sir. — OF course; but ® it the coals alone? Ah! this
nizzles you., What do you say, Paul? — Why, Sir, air
18 necessary; if you close the litle opening under the
fire plaed, the fire will soon die out. — Quite right.
. What then makes the coul thus burn? 4. Remember your

1. Where do alimenisry matters | — 3. Whal proves that an internal
pass whea liquid? — 1, What doea fire is kept wp in the body ¥ —
the bioed do with one part of this? | & What rauses ke ¢coal Lo burn ina
— What becomes of the other paftt | steve?

i ) L1,
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lessons on chemistry., — Sir, it i8 the ooygen of the
air.—Very well answered.  And what is then produced,
sthat ezeapes by the chimney along with the smoke?
1. Carbonic acid gas and sometimes carbonic oxide.
— Perfeetly go.

Well, children, this is just what goes on in oup bodigs,

2. The alinends Here ﬁlu e, wnder the i:rﬂue?i-,ﬂg—m‘fﬁ:r
oxygen of air, carbonic acid is also produced there,
bt nover carbonic oxide. Let us look more closely
into this; for really the thing is important enough to
claim all our attention.

5. Breathing.

232 In the first place, how does the air enter tb
body? — By the mouth, Sir. — What do%ou say, Paul\
— By the nose, Sir. — You are both right, as regards
mankind and some other animals.

3. The real respiratory conduit is the nose : the horse,
for instance, breathes only by the mose, mever by the
mouth.

And where does the air thus introduced by the nose
or the mouth pass? — Into the chest. — 4. That is true,
but you had better say into the lungs.

255. Lungs. — 5. You all know what lungs are
like, they are what butchers call lights. They are often
sold as food for pussy, who is said to Le extremely fond
of the dainty. Ipam very sure were these good people to
ask pussy’s opinion she would much prefer meat, for the
lights-are a spongy morsel, hard to chew and containing,
al%er all, linle besides air.

See, as we have gtill our dead rabRit, we will just look
how the lungs are disposed. The house-wile may, not

be very well pleased, only science is well worth sum%,.

sacrifice. . by
With a pair of large scissors you' see I eul away r}'mrt
of the right and left ribs, and thereby the eavity of the

chest is laid open. You can see the heart A (fig. 34), and

i n each side the lungs B and G, soft and fabby.

1. Woal s then pro<lused ¥ — 2. A- | respiratory condeit P—4 WWhere does
raly tners phenomins of combastivn the air go that welbireathe?—5. W hat is
L e londies. — 3, Which is tha real | the vulgar name that is given tolungs ?
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See here, alongside of the neck this tube D, is strength-
ened from place to place by gristly nngs. 4. It beging
at the back part of the throat, and communicates with the
lungs : it is by this conduit that air reaches the lungs;
its name is wind-pipe. 1 make therein a little =liy, and
hl..u-.-.- info it throngh a straw!  See how the lungs swell

Fig: 34 —1 blow into the wind pips D, immediately the lesgs BC swell cut,
being lilled with air.

A, heart, — B, C, lungs. — D, wind pipe. — E, diaphragm.

out with the air, which makes them look almost trans-
parent. Whenever I leave off blowing they collapse,
and expel nearly all the air they contained.

2. You see, then, lungs are folloiw organs, whose
structure is extremely complicated. 3. I will cut off a
piece presently, and you will see that it very much re-
sembles a sponge, full of air, as [ told you a little while
ago. 4. The fact is, that it is formed by a multitude of
small tubes ealled bronchia, closed up at their inner ends,
and =0 intricately mingled and wrought into each other
that it is almost impossible to follow them out. .

2534, The larynx, — Such then are the organs
into which thes air*penetrates. 5. Defore proceeding 1o
pxamine how the air enters, I should like to tell you

omething about the lamynx and the voice. 6. The
darynx, which we can easily feel with our thumb and
finzer. in front of the neck A (fig. 35), is formed by
.an enlafgement of the wind-pipe, whose two upper

e, T R R RN
. \

I L What name b5 given to e tubs — &, What name is given to the
that leads from the botlom of the lubes that form the lunga? — B, In
thragt ta'the lopgs? — 2. Are the whal s e - wvoice produced? —

' lungi solid of bollow ergans? — 8. Whera iz Ue larynz siloaled? —

§. To whal may Ihsy be compared? | Dy what is it Toremed 1
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rings acquire greater development, and are differently

|
-

N = e

shaped to the others.

4. Inside thero are two tight-
ened lolds A, B{fig. 36), c:ﬁlcd
vocal ligainents or chords, that

struck by air, therehy p -

Fig. 35.— (ur r-.--pintur; Apparatus. Fig. 38, — Blit up leagthwizs
A, larynz [apparatus of the voies). in order Lo shew tha voes)
B, =ied pipo (through which the chords A and B,

ir pagies). C, wind=pipe,

G, C', lungs, hollow poaches, that

receive the air.

E, dispbragm (a thin and fat
muzcle thal separates the chest

from the abdomean).

ing the sounds of the voiee. 2. These sounds are subse-
quently modified by their passage through the throat,

R

Fig 11, — Hespiratory
moveinents, Al first
there |8 inepiration
ftke ribs are raisedd),
Lhen eepiration (tha
ribs aro depressed),

about fifteen times every minute, you take breath, you -

by the action of the tongue, the cheeks,
the lips, and when thus articulated, as
people say, they constilute speech.

235,  Respiratory move-
ments, — Let us now return to the
entranee of air into the lungs, How
does it penetrate? A little while ago,
I blew air through a straw into the
rabbit’s wind pipe. sBut very evidently
nobody thus acts upon ‘you.

Examine yourselves, each and g
of you (fiz. 17), by putting one hand
on vour breast, the ather on the afii’
donten.  You thereby verify what in
fact you already knew, that, regularly, .

make respivalory movements. And you are also aware

L. By what are tha sounds of the | of what organs are Uitse soungs arti-
voles produced T — 2. Ly tha ltl;l.bq_ culaged

hecome sonorous when foreilily
L}

P T TR e

JR—
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that these are double movements: there being first in-
gpiration, afterwards expiration.

L. During inspivation, you feel your ribs raises]
and your chest widened out, while the abdomen swells
as the air enfers by the nostrils and reaches the lungs.

- Duripg expiration the -
contrary takes place, the
ribs sink down, the ab-
domen flattens, the eca-
vity of the chest becomes
less, and the air is ex-
ﬂc'fh'cf, as [rom a pair of

ellows. - Fig. 38. — The air comes i, aod goea

z x vut by tha tube A, ezaclly as it enlers
As ifefrom a pair of (i cfest and leaves by Jm wind-pipa.

ellows! This is quite
rie. Air isdrawn into the chest just as into a bel-
lows, it is expelled also as from a bellows. 3. Sece
here is a pair of bellows (fig. 38) : I close up with a cork
the hole IE which generally gives enlrance to air; then

[ work the bellows as usual, and the air comes in and

goes out by the pipe A, just as it goes in and comes

aut of our lungs by our wind-pipe.
Ounly in our body, instead of Lnnrds, there are ribs
joined together by muscles covered over by skin, thus
Torming a sort of eage called the thorax. Do you 866 on

our rabbit what closes in the eage below (p. "289).

4. It is a sort of thin lat muscle stretched across,
separating the thorax, in which the lungs and the heart
are situated, from the abdomeny which contains the
stomach, intestines, pancreas, liver, ole.

! 5. This muscle 1s called the diaphm;Lm, When at
rest, it forms a som of arch (fig. 34). When it contracts
the arch flatten’s down ; of course thus giving greater
capacily to the cavity® of the chest : this entails the

welline out of the ﬂlldgl'ﬂﬁn, for the diaphragm in
qseending presses upon the intestine; at the same

j

TN VU RSNy

. + L. What isathe action of the ribs | bellows the raspivatory movements
. during in=piration? — How @5 the | — & By whal is Lha fooe of tha
; sbdomen influenced? — What dues | thoras elosed ? — What is contained
the air dot — L What happens | in the ehest? — What is there fo the
during explrationt — What becomes | abdomen? — B. What is the musels
of ibe wir? — 3. Erplain as com- | called thatl separites the thorax from

pared with the action of a paireol | ths sbdomen?
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pme the air enters into the lungs by the wind-pipe
(fig. a9}, just as il enters into the lu'Tllm'S. Simulta-
meously also, other museles raise the ribs, enlarging ou
the chést sill more, the sum of all these movements coni-
slitutes inspiration.

Expiration is sim-
ler still (fif, 487
'he diaphragm

and the muscles that = ,1

lift up the ribs
conse Lo contract; the
lungs, that are very
elagtic, empty them- l
selves and gollapse ;
-0 as I showed you in
those of the rabbit f
drawing along with
them the ribs Lhat

reassumes its arched
J ; ~ position. The air na-
Fg s e P s home nally s expelled,

Fisa, fall, al least the grealer

part, the ecavity of

the thorax lessens and the abdomen becomes fat.

You =ee the mechanism of respiralion, as savanls say,
is not very difficult o understand. But yel, it 1z nol
altogether quite so simple as [ make i appear to you.

056, Production of heat. — So you see how the
air, and consequently oxygen, manages 1o enter in to our
bodies. But I see you have somethingo say, Paul,

— 8ir, you said a little while ago that the oxypgen
contained in the air burns the aliments in the b ﬂu%[??’
ust as it burns the coal in the stove. The alimerts;

ave entered into the blood, as you told us, but the air,
how can it burn them there, since it only cireulates in
the lungs? My dear child, that was the very thing [ was .=

oing to explain to you, but Tam better pleased to see

at the question came from you, This question long
remained insufficiently answered, and the real explana- [
tion of the problem is quite recent. .

siu}t down under
their traction, and
the diaphragm that
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1 have already told you that blood eirculatos all
through the body. 1. It must therclore pass through
the lungs, and i circulates at such a rale that all e
blood of the body passes in these organs in abowl
half @ minute. 2. Until lately it was thounght that the
aivrens of the air consumed the, materials of blood
diring its passage through the lungs, and that the
furnace that keeps up our heat was situated in that
articular H]Jl:u-n, 3. But it was clear that il all the
L.;.-lt of the body originated in that spot, e lungs would
tuevilably have been cooked, nay even reduced to
ashes. 4. Subsequently it was ascerlained that when
the blood issues forth from the lungs it is cooler than
hehen i® enters them, whilst evidently the contrary

the lungs. *

' /Jwtruld have been the result had the internal fire been in

.[
;

ok

237, Dxizenation and blood corpuscles. —
The production of heat takes place in a very curious
manner. You remoember 1 lnlfij you that there exist in
the blood, quantities of tiny red bodies or corpuscles to
which blood owes its rich red colour. 5. Well, these
corpuscles in passing through the lungs, lay hold of
the oxygen of air and carry it along with them.
Thenee they penetrate into the utmost recesses of the
body, even into the capillary vessels; and in the course
of their journey yield up and transfer to the organs
through which they pass a considerable portion of
the orygen they possessed, for which these organs
have grealer need and affinity thin even the corpuscles
themselves. i v

6. So, it is all through the body that the consump-
tion of oxygen, tales place, consequently the production
of heat likewtse takes place all through the body.

gen has inevitably, as you know, for consequence, the
armation of carbdnic acid. 8. This acid dissolved in

_g'ﬂi‘ill. Carhonie acidg—7. The consumplion of oxv-

-

1. Through what doea all the temperoture of (he bleod on leaving
blood of the body pass® — 2 Where the lupga? — 8. In whal way do Lhe
was it believed that lhe eombus- | corpuseles of blood nel¥— & Where
tion of e maferinls of 1he Lleod does the consumplicn of exypen
took place? — 3. What would be | lake plare? —7.\What gas is produred
the consequences of thia?—&. What [ by the econsumplion of ezygen?—
obeervation has besn mada om Lhe 8. What beromes of this carbonic gas?
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the blood, is carried by it in the course of eirculation
into the lungs, thero it unites with the air and is finally
expelled at each expiration.

250, Arvtevial blood and venous bhlood. —
Thus the blood which the heart propels throughout the
body by means of the arteries, 18 more rich in HEygels —
than the blood brought back from the nrgaﬂﬁ-b'j"'lﬁ—
veins, * T
And, as it is to the oxygen that blood owes its bright = "1
red colour, you can easily understand why the arterial
blood is redder than the venous blood, wiui:h takes a
darker purplish tinge.

On the contrary, there is of courst more carbonie I
acid in the venous blood than in that enclose® in the
arteries,

2G0, Expired air. — 1. Thus, as y®u can casily
understand, the air that has passed through the lungs
is by no means pure. Belore emtoring the body it

L
contained one fifth of oxygen, when expelled it only 1

contains about a simth, the difference being made up
by carbonic acid. You can easily understand that it
must be unhealthy to breathe again the air thus
composed ; 2. and it is for this reason that it is necessary
to open the windows, or ventilale® as people say, by
gome means or other, the rooms in which we live.

3. Were an animal of any kind to be shut up in a
tightly eclosed box, it would ecertai nl’}' perish aflter
having exhansted the oxygen of the air. Death will q
. ensue more or less rapidly, according to the activity of

its respiration, which entails a greater or less rapid
consumption of oxygen; a [rog will live under such .‘
conditions longer than a bird ; yet & nupessity, it also |
will die. 4. People say iv this case that the creature L
has been asphyxiated. Asphygia comes on very rapidly
under water, becanse the un)[y air ona has at dispnm'!
is the little contained in the lungs, and that is quickly)
exhausted. -

We will now leave this difficult and arduous part of -
our physiological studics, and proceed to that of sensa- * -,

1. What is the oolgra of the sir | an animal that is kept in-a.closed
that lesves our lungs? — 2. Why is | box inevitably perfsh? — 4, What
it meesssary to venlilate the recms | mamp is given to this kind of ‘dealh?
iz which we [ire? — 3 Why mesl

B
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tions and will, which you will certainly find extremely
interesting.  nt beflore doing so, if any of you have
a question to ask or a remark 1o make, 1 shall be morg
than willing to answer and explain.  What have you lo
EH Paul?

43, Cold blooded animals, — Please, sir, thera
i‘sl‘snml;ﬁi]iug;l cannol undersiand. *You have been tell-
ing us how heal was produeed in living bodies; I can
easily understand this in mammalia, and birds that have
warm blgod; but reptiles, lishes, and all the small
invertebrates ™ that have cold blvod, do they also pro-
duce heat?

— 4. Yes, my ¢hild, they do, lor as they breathe they
ust cqueume  oxygen, and produce carbonie acid.
. But the production of heat in their case is so ex-
remely insigaificant that the lemperature of cold-blooded
animals rarelv exceeds that of the surrounding medium.
They are cold when the surrounding element is cold,
warm when it i warm. Cold benumbs them so thal
they are somelimes unable to stir; but they become
almost as lively as mammalia or birds under the influence
of heat: remember how a lizard becomes brisk and
nimble after basking in a warm sunbeam. Por the same
reason they consume but little food in winter, their
organs being but little exhansted by aclion, for they
searcely breathe ; whilst in summer they burn their
substance like warm-blooded animals, and eat nearly as
much as they do.

In fact, it is not at all easy Jo give a satisfactory
answer to your question. All I can say is that all animals
breathe, even those that do not seem o produce heat,

232 Aquatioe animals, — [s that all? No?
Well, James, what"do you wish to say? Please, Sir,
animals that live in waler, such as Ii?ilca and wfmlus,
10w are they able to breathe?

I :In the first place, my dear child, you must not class
- hales with fishes. A whale, as [ have already told
v ou, is a mammal, a warm-blooded animal. Troe it
! . lives in waler ; but it breathes air, and comes from time

to time to the surface for that purpose.

1. Do, eold bloaded snimals pro- | blcoded animald rarely ezcesd the
duoce beat? — 1. How is i that mld temperatere of the sorroundiog air?
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1. As for fishes and other really agquatic animals,

what they breathe is ai

]"l';. Al, = Ad fpon 3= Lhe waler
begzing to heat you sed Hitle bub-
bles mointing 1o the surfars,
Thest consist of the air dissale=-
ed in ihe water, and nop sleam.

r dissolved in water  For
witer containg air, and of this
I will forthwith give you
proof, | set on the lire a little
pan with water in it (lig, A1),
4. Assoon as the waldr beprs
to heat, you wilk8ec tiny
bubbles rise from the botton
of the pan to the surluce ;
observe Lhal the water 15 as
yet far from the boiling point:
ihese are tien bubbles of air,
not of steam.

3. This air it is (hat fishds

breathe ; and the proof of this is, that they,ean live butfa
short lime in water that has been boiled, and from whic

Fig. k2. — A, gills. Fish led the air
isgolved 1o water poss Lhrough
their gills, thus En“l:ng il in
eonlact with their blosd. ..

the ait dizsolved in the
just as you in breathing

the air bas thus been expelled,

4. They breathe by means
of gills, or more properly
speaking, branchia (fig. 42,
that 1s to say, lenuous floaling
[ilaments, into which the blood
punutmu:qi and where il comes
in contact with the air dis-
solved in the water. Lonk at
this gold fish, 5. you can see
it open its mouth at regolar
intervals, and at the same time
lift ap its gills: it thus makes
water pass over i18 branchia,
cause thesatmospheric air Lo

circulate through your lungs. You sde that is very simple

indend

P ks

L What de flzhes do, in order to boiled ¥ == &, In sk what l:‘lhf‘l.'“}'
breathe 7 — 2 How ean wou prove | plars of linga® — & Why does s
Lbsat there §8 dizsolved air fn woler? fish resulsely open its mouth, and

— 8, Why doss a lish di= qui-kly | then jts milla?

when plocad In water that has beem
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SUMMARY. — Nurnitios.

{. In nutrition, there are two fenclions to be considerad @ 1. di*
gostion, which has for aim lo dissolee the aliments, so thal Uey
iy Lraverse Whe inleslines and enler inte the blood. 2. the ab-
EQI:Rtiﬁtl.\‘er‘l'lL‘d Ly the blood. .

2, Bigzestion (p, 280, — The digestion lakes place in the di-
gestive tube, with the help of the feeth and umler the aclion of Lhe
dinestive juices.

3. Teeth (p. 289, — The mislicalion or action of chewing the
alimenis iz acoomplished by tho teeth, and aided by the tongue,

:: 4. A full-grown man has 32 leeth, 16 in each jaw @ 4 incisors,
- 9 panines, and 10 malars. — Unlil aboul the age of seven, children
1 have only 20 teeth; the difference bears npon e molars,

[ 5, Tect®are composed of fvory, overlaid with enamel.  They are

ixed in the jaws in holes, ealled alveoli, by one or several rools.

n each loolh theere is a cavily which serves as a receptacle for
' werves and bload-vessels.

6. Saliva (p. 290). — The grinding of the aliments is facilitated
by the outlow of saliva, a ligoid formed by the salivary glands;
tears are formed by the lechrymal glands, and sweat by the su-
doriparous glands.

7. Alimentary canal (p. 291). — The aliments pass doewn
through the chiest in a tube called eesophagus, and reach the sto-
muach.

£. From there, the alimentary maller passes into the small in-
testine, and finally inlo the large intestine.

8. Thiz svstem of lubes {5 called the alimentary canal.

; 10. Digestive Malds (p. 292). — The alimenls are not only
passid through the alimentary canal, but there they are also
transformed, umder the inflpence of juices or fuids supplied by
different glands, g

4. The firsl of these joices is the saliva which transfogms Nour

, into siegpar,

12, The gastrea julee secreted by the stomach dissolves fesh,
albumen, and in general all animal substances,

3. The alimenls which have eseaped Lhe influence of the saliva,
and Whe gastric juice, are disolved by the glands of the small
(i:!h:nlilm, of which the most considerable is the panereas,

44, The tiver, analier very important gland sitnated to the riglt
of onr body, is the organ in whiel file i= prodoced. The blood is

. puritied in maesing through the liver Ly giving off Uiose substances

« * which constilute ihe Lile,

15. Absarption (p, 293}, — The aliments rendared liquid, pass
through the tissues of the intestine and mingle with the blood. The
Llood Lien carries them all thoough the body @ this is whal is called

f absorption. .
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16. Blaed (p. 2359). — Blaod is a yellowish liquid, in which Doat
an extraondinary number of very little red corpuscles.

{7. Clrculntion (p. 295), — The Blogd iz sent wll thrangh the
*ody by means of a hollow muscolar organ ealled heart, which
contracls regularly: each contraction or « throb« sends oul into the
arferies a gush of bload.

18. The blood is conveyed to the heart by soft tubes colled veigs, -
and it leaves by others |f||.||.'h more rigid, called arferies. .r-'"’ﬂ._

19, All the arleries divide and sobdivide, fnally forfing minute
capillaries; these reunite o form larger and larger vessels ealled
weing, Ibisin all these that the Blood flows or is said bo circulate.

20. Thus the blood passes from the heart to the arteries, from
the arteries to the capillary vessels, from the capillary vessels Lo J
the veinz, and frem (hese back to the hearl, and all this is accom-
plished by the impulse imparted by the heartaler cach contraction.

This= is what is ealled the circulation. L

21. The pulse, which one can easily feel at the wrist or at th
temple, = prodoced by the shock of the blood in thg arteries, whicl. {
at these places, are quite near tha zkin.

2. Uxigenation (p. 207). — The bleod carries off the dissolved
alimentary malters, and deposils o eerlain part of them all
throngh the body; the rest is conswmed in Uhe blood ilsell,

23. This combuzlion maintams in var body a temperatore of
&4 lo 105 degrees Fahrenheit or 33 to 40 degrees contigrade,

24. The factor mecessary for this combuostion is found in Lhe
oxrygen contained in the air we breathe; it produces the earbonie
acid ges which is cast out.

25. Brenthing (p. 208). — The air we breathe passes tirough
a lube ealled trachea (windpipe) and penelrales into the lungs.

26. The lungs are hollow organs; they are formed by a number
of tubes called bronclia.

27. About 15 times every minute, the chest which is closed below
by the diaphragn, expomds, thus inhaling e sereounding air ;
thig is Lhe act of inspiration.  Sobsequently the chest lessens in
capacily, so thal the air is expelled; this is the act of expivetion.

28. By means of what is ealled Wie cireggation of the blood, all
the Mood of the body passes hrough the Mings in hall a minute;
the corpuscles of the blood lay hold of the oxvgen of the air at each
Inspiration and carry it along withglhem to the otmosl recessed
the capillary vessals. In the course of this journay they give up A
Freat part of this oxygen 1o Lhe orgons ey permeats, -

29 In this manner it is (hal the oxyzen is consumed 31l over tha
body and nol only in the lusgs, therefore Leat is prodgeed likewise i
all through the hady. :

-

30. An animal deprived of air perishes, asphyciated, .1
3. The air which our lungs reject is not pure, for il contains
carbonic acid ; therefore it is necessary to venlilate, or redew Lhe |

air in onr dwellings.
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32. Cold-blooded animals alse consume oxygen, eince they
breathe; but the production of heal which ensues is 5o very scanly
that the temperature of their bodies rarely oxceeds that of the sur-
rounding wedinn,

33, Fishes breathe, by means of their gills, the oxygen Lhat exists
dissolved in Uhe water.

" oe |Simpde Sulbjects for composition are to be found at page 323.]
e

III — SENSATION.

l 265. You remember the simple experiment in which
we so frightened the poor chickens by suddenly open-
inig the wadow. What enabled them to hear the noise
off the window? Their cars, was it not? And by what
gre they enalfted to perceive the prescoce of Paul, that
o terrificd them ? With their eyes of course. And with
what were they able to flee from the danger? With the
museles of thetr limbs.  And with what were they able
l to understand that they were menaced, and to command
i

the movement that was to carry them to a place of
safcty? Ahl you are unable to answer this time. Well,
Iwill tell you, it was with their brain.

But the brain is in the cavity of the skull, the cye is
in its socket, the car is in a hollow of the skull, the
muscles of the limbs are far removed in the under part
of the creature. What can put the eye and the ear in
connection with the brain, and the brain with the
muscles? =

204. Nerves., — 1. Communication is eslabljshed

r. by what ;Jhi,lsialuyisfs call nerves. 2. These nerves
J

are excessively fipe $hite threads, that pervade all the
parts of the body. 3. Some earry to the brain the sensa-
tiops that come from withgut, and their ramifications
aﬁ?n numerous that it is impossible to prick any part
offyaur skin with the finest needle without injuring one

of them and without feeling a sensation of pain; 3. others
‘ convey fromdhe brain orders of motion, and carry them
. “to the muscles of the whole body,

]
1. By what imtermediary do Lhe | perves?—3, Therears lwo calegories

eye, ear and muoscles communicate ] of perves, to which do they belong?
wilb toe braig? — 3. What are theas 5 .
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1. The former are called sensory nerves, and the
s latter motor nerves.

Q. Spinal cord,

— The nerves do nol

land directly in  the

brain. 2. All those Lal

exist in the body and

in the limbs commu-

nicate in the first place

with the spinal cord

(fig. 43). 3. This spi-

nal cord or marrow is.

48 1ta namo indicales, a

sort of cord,external 3'[

of a whitish eolour add

greyvish mternally ; it {2 1

siluated in the canal

the vertebral or spinal

column, which canal i3

”
on lhat account often
called medullary canal

(from the Laun me-
dulle, marrow).

4, Between cach ver-
tebral interval  there
shoot forth, to the
right and to the lefi,
nerves B, each of which
goes to some allotted
| part of the body.

Fig. 43. — A, lhe medallary canal. AL {".' in the lumbar

B, a nerve, paﬁiug‘:ﬁi hg;]w.;ep Lwo verle= N}H‘ig“. the marrow la-
brm, to be distribated Lo the ndjacent parta. .
O, G, spinal corid, trom which the nerves of PET3 off to an end. 5.

tha body and I:&v.ml-eh fu“ 'I.:ini.r !;irl:.h_ it in the ﬂupﬁl‘iur radions
& eaciosed in the spinal canal, o 3
E, brain, at [‘I it passes into 1
F, meduila oblongata, from which the ghull, swells out a4y

ner f the face apd head arise, ai well i ¥ -
33 et hii peeside svor the movemeula liecomes whay is called :
of the hezrt and respiration, the medullaoblongata,
1. What name is gives (6 porves | #panal eord plared? — 4. Beiween I
of the lirst categury ¥ — To those of | what parta of the vertelral colume:
the scond? — 2. Where do all the | 4o the nerves passcut? — 5 Wihat i

serves thal exist "in the bedy and | name is gives to the spinal cord, af
limbe start from ? — 3. Where is2he | U place where it enlers Lhe skuli®
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© A, The nerves of the face and of the head arise from
thiz medulla oblongate, and alse those that prreside
over the movemends of the heavt g of the lu s, Thig
allows you to undersiand the extreme gravity of a
wounnd in this medulla oblongata, and why a fatal issue
is always inevitable, and that in a very :jull'l space of
thae. 3. For it checks hoth the *circulation of the
blood and the respiratory movements. Into this
medulla oblongata cooks sometimes drive a long pin
when they wish to kill their poultry instantaneously, and
this is what is wounded and even severed by dislocation
I when they strike the fatal blow elose bebind the ears

of a rabbit. o

266. The brain. — 3. Almost the whole cavity of

the skullis filled by the brain. It is a large pulpy

rpass, orey wighout, white within, and which in mankind
' nd in many of the mammalia is all covered over with

sorts of folds called convolutions.

4. [1 15 in the brain that intelligence resides, that

I sensations are perceived and ideas furmed, and there
-

also that will eriginates. The more intelligence an

animal has, the more brain it possesses. In minkind,

when the weight of the brain is less than @ pounds,

the man who is so scantily provided is an idiot. 5. II

the brain be wounded, intelligence is weakened, and the

suflerer becomes mad, or insane: this happens also after

certain diseases. In some cases such wounds however

may heal, and the intelligence partially, if not totally,
recover. =

If the bram be destroyed, no trace of intelligence

) will remain. 6. Such a thing has come under "notice

* in the case of soge birds whose brain alone was

| wounded, the meduilla oblonga being uninjured

Being carefully nursed, their Ii}:: was apared, but hoth

gifelligence and will lLial com pletely  disappeared.

?Ehe brain gone, the bird will remain on its n:rci: with-

it ever having the idea of moving, or ﬁm:']:iu;; food.

, Nay it wotild die of bunger beside heaps of food without

* 3 L What are the nerves tlat tabe | — & OF =hat far Ly is the brain the
Mbeir crinin i e wedslin el erik ' — 5 What heppens when the
gata? — 3 AVEy 1s 3 wound v the brniu 48 womnded ¥ — B, What

' medulla eblunigatd mwortalr — 3 1ty Ju_;-im:m when the brains of eartain
what is the eavity of the sboll Glbed® | animals are removed 7
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evor thinking of cating; but il its food be pul into its
beak, it will unconsciously swallow it and digest it as if
pothing bad bappened. 1f fung into the air, it quite
unconseiously spreads out its wings and flies right bie-
fore it, untl 1t meets with some obstacle or drops down
exhausted, Birds in this condition have been known o
be k'—'iﬁl alive for months, their guardians havin® nussdt—
them by putting food inlo their throats ; during all the
time they continued to live in this condition, they never
gave the slightest sign of intelligence or will, Letus ® 3
nuw pass on lo sensalions.

247, Tactile® sensation, — Firstly we may !
mention the general sensation of touch, which leis
us know thal some object is in eoutacl with our body.

4. All the surface of the skin is allected by thif also tife
lining of the mouth, that of the nose, the eyg, the ear, elg.

2. Everywhere, over all this surface, ramificalion! 1
of the sénsory nerves are spread, which when excited ™
transmil the sensations they receive to the spinal cord, ;
and thenee to the brain, just as an electric wire carrics

a telegram.

3. When these nerves warn us that something has
touched us, they tell us at the same lime if it 1s some-
thing colder or warmer than our body wilh which we
have come in contact, and also approximately the pro- |
portion of cold or heat : we have thus the sensation of
temperature. .

Both these sensations, that of temperature and that of
contact, are gcuurui]_if included under, and expressed by '
the general name of feeling or touch.

Feeling ean really be said to exisl only when our in- g
telligence enters into action, in prder to make use of -+
the seosilive powers of our skin.® 4. Generally it is
with the hand we touch or feel things. This five-
armed compass which mamalone possesses, 18 4 m
marvellous instrument, not only with which to gra
powerfully or handle delicately, bul also to give a prétly
accurate idea of the body it touches. See here ig an apple. 1

8 :

1. Oz what parts of our body does | tioa is given ua by the perves Lhal
the sensation of toueh lake placa? — rearh oor akin? =- &, Wil what da
1 To what is the sensibility of enr | we generally caercise ihe wense of 1
simn due 7 — 3. What other sensa- | tgueh? :
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[lay my fore-arm on it (fg. 44). You will easily believe
that*were 1 blindfolded, it would cost me a good deal of
time and observation to aseertain, by means of feclinge
with the skin of my fore-arm alone, that I have to deal

: gl .

=
Y

- :“KLE";_J —@7\1_ | \@

Fig, &% — With the fore-arm, i1 requires Fig. 45, — I sulllzes, Lo take
Iime bo perceiva that an, nEI-p!a. I8 a round, it for an imstantl in my
pelished, and reststing body. hand, 1o perceive sl that.

with a rather hard, roundish, and polished body.
Whilst, I showld find out all those facts in an instant
cere | to take the apple in my hand (fig. 45), becanse 1
would bring a great many points of its surface in contact
with my skin,

, 268, Gustatory " sensation. — 1. The mouth is
).

I

capable of exercising a sort of feeling called taste.
2. The substances we put into our mouth, if eapable of
melting or dissolving, produce particular impressions,
known by the name of savours. Every body knows
about them, and we often hear about things lEnt have
sweet, or salt, or bilter savours. Some people spend
their lifetime in efforts to satisly this one sense of taste,
The culinary art has been invented in order to satisly
it within reasonable limits; and that very properly too,
for experience has proved that generally Hpen[?irlq food

which is agreeable to the palate is easily digested:
26Y. Sensations at distance. — Bul setting
aside the very lfmited notions which the sense of taste
furpishes to us, you see that touch tells the shape of
dies, their hardness, thetr polish, their temperature

~ ahq several other propertics,

This is undoubtedly a great deal; but had we only
: that, we shguld be rather poorly informed. 3. Fortu-
*«mately even at a distance we ean detect the presence of

L. Mams a_ eerlain variely of laueh, — 3. Name Lhe sensa which al a
i Whe cest of which is 1o the mouth. | distance informs e8 of the preserce
] — 1. What nams is given tn the | of ather bodies

unpressions furnished by the Lasie? ;
1
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objects, by smell, by hearing, and especially by sight,
which last alone might almost supply the place of all
ohie others,

270, Olfactory sensation, — 4. The olfactory
organ is the nose, or more properly speaking the
nazal clhambers. 2. These are two cavilies AR, (lig. 4 —
separated by a verfical partition G, which eavitiesSpen ’
in front by, the nosiril and behind into the throat I, *

Fig. 4d. =
Section of the nose, sten from the Iront.  Seclicn of the nose, seen from the side.
A; B, nazal chambers, B, back of throal,
2, werlical parlition. E, epening of Lhe |,1r:|-:1|;,

opposile the opening of the larynx B, The air breathed
during respiration under ordinary circumstances passes
by this channel. There are even some animals, as |
have already told you, that breathe exclusively throngh '
the nose; and were the nosirils of a horse to be elosed,
that animal would very rapidly die from asphyxia, or
privation of air. l
Smell, at each inspiration makes us aware of the prox-
imity of certain ho:lliu.% which, for reasons as yet un-
knowr, have the faculty of making impression upon i
our olfactory organ, and are as people say, odoriferous.
T.T]'ll!'i:rrh.u:mlu::L,'f as we have already scen id Tormer lessons,
some very moxious gases have no smell whateverpso
that we may be poisoncd by Pahaling them unawares,
271. Auaditory sensation. — 3. [earing in
forms us, as you know, of the existence of vjbrations
termed sonorous. U teaches us moreover o measurg
and appreciate them, for with practice, and when one is +
particularly gifted, it is possible to distinguish exceed-

1. What is the organ of smallt— | of the nese? — 3. What doos
2. What do yea es | tha shambers | beariug beach us?
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.
ingly slight varistions in sounds. We have already
seen in physics, that our car could not deteet a sound
unless the number of vibrationa execeded 32 per se-
eond. This is the very lowest sound that can be heard
by us; the fighest is produced by 76000 vibirations per
sepond. ;
¥ibrations coming from without ¢an be transmitied

« to the anditory * nerve in two different ways; when we

p.

Figh 57.— Blop your two  Fig. 58, — Take the Fig. 4. — I place ms sutch
caurs. I ploce iy waleh  wateh betwean your on & flat ruler : you sull

on your forehead, you teath you siill dis- hear it

« elearly hear the lic tac, Limetly boar it.

have to deal with the vibrations of a solid body we per-
ceive them by simply laying the body close to our skull.

Come here, Paul, and stop up your ears closely with
hoth hands (fig. 47). 1 wilf[}ut my wateh against your
forehead, and you will hear quite distinetly its tic-tae.
Open your mouth now, and l:ﬁ(u my waleh between vour
teeth {fig. 48), you will still hear it very well, Now
take this flat ruler between your teeth (fg. 49); I lay
my wateh upon it, and the result is the same.

In this last experiment the sonorous vibrations, pro-
duced by the wﬂl?l‘iﬁ of the wateh, have set in motidn sue-
cessively the watch gase, the ruler, the tecth, the skull
bones, I}he liquid of the car, the terminations of the au-
ditory nerve, and thenee have reached the brain,

-~ But direcl transmission #uch as this is very rare. In

¢ great majority of cases, sound is produced by the

vibrations of a body separated from us by air. In this

case it isthe vibrations communicated by the air to our

-« ear that must be detected and heard. This causes con-
siderable complications of the auditory organ.

272. 1. The compaonent parts of li[m ear are, firstly

L WhAL same s givea bo ke extarior part of the ear ? 7
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the pinna A (fig. 50), This external part 13 very much
developed in animals of acute hearing, which turn and
direet it =0 as lo ealch
the greatest possible
quantity of sound. The
horse (lig. 51} m-—
stance pricks upbiseirs,
turning them  towards
the direction whence
comes lhe sound! —
Our pinna is of but

Fig. 5. — Auditory apparatus. little importance and al-
A, pinna, F, semicircalar ea- 1 i g 1t 3
I8, auditory patsage. nals. A I'ﬂﬂl]ﬂ[]]ﬂ.‘ub,. it 1s
C, membrane of the | G, cochlea 1 con= of 20me use -!lﬂ“'ﬂ-'l-'ﬂ H
Lympanum, piction  wilh the s e
D, casity full of awlilory nerve. and we turn it to cal h
Thguid. 1, membrans of the the =oumd i ﬁ'[illl' 8 b
E,L chain of small cavity [full of Li- whole head turns alon
saned. d. ¥ z e
' il with it, — when (he

sound is not sufficiently strong, somelimes we even place
our hand around the ear behind the piona, thus making
a sorl of ear trumpet.

1. By the pinna, vibrations are gathered together and
introduced into a passage B, ealled the auditory tube or
mealus. In Iﬂi.'ll'lE'lilld itis but a few inches in length.
2. At its base G,
the vibrations
come im eontact
with a sort of thin
skin, stretched
across the audilo-
ry pinsﬂ:lgu. wh':;:lh

i : * 1t closes up: this
e L W—,,ﬂ":f]':}’-:;,:”:?ﬂ:' . S W in is the mem-
braneof the tym-

panum. This membrane is al% setin vibration in its tury™

Here we come to a very curious ang interesting paft
of the auditory function. * There is an interval of about
an inch hetween the membrane of the tympayim and the
cavity D Tull of ligmd, which has next o bs sel in *

1. What neme i given to the tube | with at the boltom of the' auditory
which is conlinuond with the pinna? | tobe? What name s givea (o this
= 3 What do the vibraticos meet | membrage?
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motion. This bony cavity has an opening elosed up
by a second outstretched membrane.

1. Now between this lasi-mentioned membrane and
that of the tympanum there exists a chain of tiny bones”
- or ossicles E, the ends of which chain are in ‘contact
: vith the two membranes.  This arrangement allows the
ﬂ*mﬂﬂﬁ of the membrane of the tympanum 1o be trans-
« milted “fo that of the eavity, thenee to the liquid, and
lastly to the auditory nerve i,

2. In short, if we recapitulate we shall find that the

sound takes the following course, lirst air, membrane of
the tympanum, ossicles, membrane of the cavity, uid
of the eavity, nerve! Thus the vibrations have passed
ghecessively through rases, solids, liquids. You see
ghat a eBunplicated thing hearing is, and vet 1 have
mitted a gregt many very interesting details,
275. Visual sensation. — Now let us consider
the eye, the organ of viswal sensation. It is a most
idelicate organ, but its mechanism is more easily under-
stood than that of the ear, and I ghall be able 1o show
you all the principal parts of this important organ with
the help of llrllis ox eye the butcher gave me (fig. 52).

You ean ohserve that it bears no little reserblance to
an egg, the shell of which, although pretty hard, is not
ealeified. 3. At the tip of this shell, you find this
white string : it is the optic nerve, the nerve destined
to convey to the brain the impressions made upon the
eye by light; it penetrates as you see into the eye, and
now we will [ollow it and aseertain what becomes of it

4. The outer coat of the eye G is opaque” excepting
in the front part A, where it becomes transparent sb as 1o
allow the light to enter.

5. This transparefit part is called cornea.

6. The light passes through this cornea A; but before
:gan ing the back part of the eye, and after having run
thereugh a little chamber B full” of liquid, it falls upon
a g:)rl of eurtain € called the iris, which is Slrutt'.{:{'d
out and ha’s in the centre an opening D ealled the pupil.

LW hat &8 thers between the Lympa- perve lerminalp * — & [k the entire
num and ke internal eavity foll of li= glebe of the eye opasque® — B. W hat
quid, Lhat 4k ta be pat in motion ¥— Bhme 15 given Lo Uhe iransparent part?
2. Indieate whal esurse the vibiralions — B. What does the lighl meet with

muast lake. —3 Where does the optie | afier having traversed 1%e cornea 1
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Come here near the window, Henry ; and all of you stand
around him and be atentive. Henry's eyes are blue
«llig. 53), that is to say, that the litle curtain, the fivs, 1s
of blue eolour, In the centre of the iris I} you sec a
emall ronnd hole, quite black. 1. That is the pupil; =
throngh it the lgl
[rasses inlo 'LE - i
Now wait a liule; o
I will elose Henry's
eyelid fora short lime,
then suddenly open
it again. Did you oh-
serye what look place?
The livle hlack hole
Fig. ¥2. —Theege, organ ol wigion was very large .:[j .
Seetion of the eye of as oz, B3 illbilljfli:lli:lf afthe

A, transparent cornes. | FF, sticky liquid {vitre- o h
B, anterior ehnmber ois humour) [ lifted the [‘:ﬁ.‘,]l ¢

Fiell of bigquid {aque- | G, globe of the eye '
cus !|L'|u-.}ur,~. : {#lerotie). ﬂnl!‘ as soon as the

g, iris. 1, horoid. light reached it (fig.
, pupil. , Fetina, L), 1 e f
T, ceystaliing. 1. otie narvh. 54), it became small

_ ||[iig 54). Now you see
it is quite small, almost a speck ; let us now go lo the
further end of the school room where the light is less
strong, see the pupil enlarges again. Whal does this
mean? Oh, you will all easily follow the explanation.
2. When there is but little light, the pupil widens out

™ n

i = cC
Fig 53, — L, Irta. — D, papil, Fig. wh. — O, irig. — D, Eupll,

large in a dim ligit, siall ig a bright ligh

s0 as lo gather in as much as possible: when on the
eontrary the light is strong, it draws itself in, allowiigg
only the necessary quantity to pass through, s
keeping the optic nerve from being fatigued or dazsled.
'[[;mm, we have seen how the light gets into the eye;
now we must follow it and see how it goes on. For thia~

tittle hole whicl s in the iris¥ — | thers is oaly a litile light? and why

1. Whal mame is given to the 1 — 3 Why is the pupdl targs whea
Where does the light eater the eye? | da it small in a stroag light?
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wurpose the bull's eye (fig. 53) will be most useful.
{ore it is out open lengthwise, 1, Seo the globe of the
ayi is fillod I with a sorl of sticky but very transparent
liquid. You can easily n eognise the cornen A, and thg
curmin G of the iris.” 2. And now just behind the
|:1Ll|i|, |lr look at Uns |'-|'l'll:| l!i:l'li, l[.ltl‘-[lilri-ltl: ]|r~|]| ]:'
* _ghapeds exactly like a waguilying glass : it is the
crystalline lens.
All over the back part of the interior of the eye 15
e« spread o sorl of greyish membrane [, very easily lorn,
3. This is the retina; it is formed by the termination
of the optic nerve in the eye. 4. It is this retina
which reeeives impressions from the light, and it i3 on
it that the imagee of surrounding ohjects are formed.
e ;

| =g |
| =0
A '
| | s
| eaitf
o TR
Nl 18 il : - i
e Pt ) B
]
Bt ——
Fig. 85, — Dork rowm
The shutter A 15 the kris. The bems © is the erystalline,
Tba hole B of the shulter is the pupil. Tha sheel of paper Lk is tlo retioa,

How can this lake place? Ah! il you have kept in
mind the experiment we made in the dark chamber
you will bave no difficulty in understanding it. We
will however repeat it once more,  Lel us go into our
dark room (fig. 53). Here is a small hole B through
which passes a ray of light. E-place my lens G over
this, and on the nmmsilu wall b, [ place a sheet of paper.
Aflter some {ocussing, we can manage lo arrange things
so that the irllﬂ;:{‘:ni' tha m:ighluw.w]u_r: churel is to ho
scen on the paper.  You arc aware of that!

&, Well, the shutter A_plays the part of the iris; the
¥ hole B in the shutter, tht of the pupil; the lens G, of
i the erystalline Jens | the sheet of paper D, that of the
reting.- Such is, reduced to ils most clementary ex-

- pression, the phenomenon of vision,

1. With what is the globe of L e & I whatl way is the reling acled on?
mled T —12, What s found jest helind —%. Compare Lhe ditferent parts of a

the papil?— 3. Wiat is the retina dark room with the dilferent pari= of
wh'eh lines Lha back of Lhe oye?— an Bye,

®
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274, Shovi-sighted nmd long-sizhied per-
sons. — In the course of our experiment you might
have observed that it was only when | placed my sheet
of paper at a eertain distance from the shutter, that a
dislinel image was oblained : the puper was then, as |
have already explained 10 you, in focus. When it was too
near or o far off the reflected image was dim, ﬂr_l-,d__iu_
delined, ¥ e

1. Now, 1t sometimes happens that a person’s eyeis a
little too shallow, sometimes a little too Liil_'ﬁr.l. When it is
oo shallow, the image falls beliind the retina, and per-
sons whose eyes have this defeet are said 1o be mjjopic, or
short-sighted : when on the contrary the eye is too deep,
the image fulls bt'fln‘e the retina, and persons having
this defeet are said to be presbytic or long-sighted.

2. Both these defects in the sight can be obviated by
the use of spectacles, those destined for short-sightet
people having concave® glasses that draw hackwards
as it were the image, winlst long-sighted people require
conver® glasses, which bring the image farther forward.
In both of these cases then, the image is produced dis-
tingtly upon the retina.

The sense of sight is the most precious of all. Tt
acquaints us with the shape, the dimensions of bodies,
and lets us know at what distance they are. It also
gives us nolions of colours,

275. False sensations. — All this is undoubt-
edly very marvellous and admirable. Yet notwith-
standing, the eye is by no means a perfect instrument.
Nay it would” olten .lead us into error, did we not
rectily' by our reason the false impressions it some-
times gives us. In some cases even, we cannot altogether
correct them. I will give you an exgmyple.

Tou have not forgollen tE:e eolours uﬁ the speetium ;
violet, indigo, blue, green, yellow, orange, red. Lot us
single out the green, for efnmlmln. Well the samey
green may be obtained, that is the same sensation off
green, in examining the green of the spectrum alone, or
combining in due proportion blue and yellow, Like- .

1. What name 35 given 1o persass | what kind of Bpeslacies are near-
who exn only sea objecta when placod aiphiled pergons relieved * And long-
pear the #re? And to those who | sighted? i
anly see well at & distasen ?— 7. With
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"
wise, we can artilieially obtain a violet colour in mixing
together red and blve, and orange with red and yellow.
The eye 12 in this case completely deceived, and ie-,
ceives us al the same lime, as it does not enable us Lo
detect the slightest difference between a simple and a
contpraund colour,

LI06. Measoning. — Were wo in possession of
- sightalone, we should fall into many more errors, But
hearing, and especially touch, help us to reetify our
mistakes. Upon the whole, all these divers sensations
sending information to our brain, enable us to form o
iretty accurate idea of all that is going on around us,
‘hercupon our brgin reasons, and induces us to make
use of all that is good for us, to avoid what would harm
\ ug, and s9'to act as lo improve even nalure by countless

inlventions ang industries. A dog’s scnses are as keen
ours; thatof smell is in his case infinitely more acute;
and yet he eannot make use of all his powers for im-
proving his situation or making Fmgmss, because fie 15
not endowed with sufficient inlelligence. Some people
say, the cause of his inferiority ﬁund

vy 18 lack of han
speech.  But had he ten hands hie could not utilise them
as we do. And if he does not speak, it is because he is
incapable of inventing words. Poor idiots have hands,
and often they cannot speak. Butit is neither the hand
nor the tongue that makes man what he is, it is his
intelligence and his brain.

SUMMARY. — SENS-J;;T[uN

i. Nerves (p. 309). — Nerves are kinds of delicate whila
threads thal pervade thegwliole hody,

2. Bome carry lo the brain sensations that come from without .
those are sensary nerves, :

T Others convey orders for mofion from the brain Lo the muscles
hikamghout the whole body : those are molor nerves.

4. Npinal marcost (p, 310), — The spinal marrow or spinal
cord is a ot of white cord hidden in the canal that runs throngl
the verieliral calumn, which canal is formed by superposed rings.

5. At the spot where (e spinal cord penctrales the skull, it widens
and becomes whal is ealled ihe medulla ohlengata.

6. The perves of the body orginate in e gpinal marrow ; those
of the head, together with those tal rule over the mevements of the
heart and these of respiralionsarise from the medslla oblongala ,

14,

-
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Injiries to the medulla oblengala are inevitably mortal.

7. The brealn [p. 311). — The cavity of the skull is almost
entirely ecoupied by the brain.

® & [tisin the brain that intelligenee resides, there it is that
sengations and ideas are formed, thera also that will eriginates.

g, Injuries to the brain, if not faial, entail a weakening of intel=
lectual power. ;

40. A bird may live Althoogh deprived of its brain, if all _Um*t!
are carefully supplied; it will incvitably die if any hara reach its
medulla oblongata,

{1, Tactile sensatlons (p. 312). — The general zensation of
fonch warns us when some objecl has come in eontact with our body,

42, This sensation can be transmitied by any part of the body,
bul more partieninrly by the hand.

13. Tactile impres=ions are transmilted #o the zpinal marrow,
thence to the brain by the sensory werves, whose lergination ri-
mify beneath the surface of our skin I

44, These nerves also impart 16 us the knowledge of the lempf-
ralure of bodies,

15, In the mouth there exizts the pecoliar sort of touch called
tazte, which gives us ir||r|r4~:=s-h|1l5 of savours,

1f. Sensations that give Impressions at a distance
{p- 313}, — Tactile sensalions inform us only of obpects we lonch; !
smicll, hearing, and especially sight, tell us of what is at a cerlain
distance from our hoddy.

17, The organ of smell is the nose, or more precisely speaking
the ehambers of the nose, that open inte the throat epposite the
entry of the larms.

18. Henreng acquaints us with what are called sonorows vibrations.

19, The ear (p. 414, — The vibralions received by the pinna
of Use ear travel along W awditory tube al the extremity of which
Wiey come in contact wilh the memdbrane of e tympaniio which
they sel inmotion, The Vbrations of the membrang of Lhe Lympanum
are trgnsmitted by a chainof litle ossicles 1o o seeond meahrane,
which closes up a cavity full of liquid. This liquid in its lorn
trans<smits lhe vibrations Lo the auditory serve, which carries them
Lo Lhe fraen. B

20. ‘The eye (p. 318). — The eys is a sort of globe, lrangparent
only in its front part, called thg cornea. Dehind the corben 12
a sort of curtain called fris, which is somelines grey, somelinls
Blue or brown, givieg Lo the eve ils petuliar tinl, This cortain
is pierced with a central opening, called the pupil, throngh wihich
light enters into the eye, afler having passed througlya sorl of mag-
nifving lens called the erystalling lens, placed just belind the
pupil.  The light then passes through the transparent fuid which
fills the globe of the eve and falls upon the optic nerve. which
under the name of retivna overspreads the inward surface of the back
part of the eye. :
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2. Rensoning [p. 521 — lad we only our eyes and e ollier
organs of senses Lo direel us we should be Lol into error in o ANy
cases,  Our brain surve yaull however, being ealled into action by aur
sonsiferons organs il reasons and Loae lies us Lo lake advantogg of
Wb that are wselul, and to avoid those et would de uz harm.

22. Itis neither the hand nor the longue that makes man what
he is 2 it is his inlelligence, and his Brain,

- . .

SUBJECTS FOR CORMPOSITION.

1" composition (p.274), — Composition and struclure of bone.
I — 0f what use iz the marrow o the bones ¥

2 composition (p. 2750, — What a verlehra is. — The dif-
ferent regions of #e verlebral column. — The appendages of the
vieriehrg of the dorsal region. — The manner in which the ribs are
united in fromt. — The five vertebre united constitute the sacrum.
= Whicl i= e bone thal iz supported by the sacrum?

¥ eomposition (p. 277). — [y what is the skull supported?
— The interior of the skall and its communication with the verlebral
canal. — The cavilies of the skull. — The two jaws,

4 enmposition (p. 278, — The boenes of the upper or fore
limibs and of the hand. Which bane arliculates with the homeros?
— With which bone docs the scaputa or sheulder blade articulate?
wilh which the clavicle or collar bone?

5 composition (p. 239, — The bones of the lower limbs, —
Upon which bone does the femur articulale? — To which bone ja
the pelvis attached ¥

B composition (po 280). — Describe an arliculation.  What
mzures e =olidity of an articulalion? — When is a joint said
Lo be =prained ? — when dislocaled ?

T eompuosition (p. 281). — Of what use are muscles? — In
what manner are he muzcles frequemrtly fastened bo the bones? —
Musenlar contractility, — Muscles of the fore-afm. X

Bt composition {p. 283), — Show how ib is that we should net
be able o =tand crea were it mot for the help of the muscles,

8% eamposMiod (p. 286). — Voluntary movements, involuntary
maverenls,

~ A0 composition (p, 2895, — The leeth, Uieir names and their
w mmleer. — The differen s of a toolh.
[0 U camposition ([, 201}, — The course the aliments lake
« in passiag theough the alimentnry eanal.
- A composition (p. 203 — I"arl played by the saliva, ._1,.].
= the gastrie juice, by e inlestinal juices, by the pmmmlm juice,
— The liver. — The aim of dige=tion.

13% vomposition {p. 203). — Part plaved by the blood. —
By Wlat urgan il is impelled through the hlmd vessels, — Arleries,
Veins. Capiflary vessels, — Clrculailcm
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{14 eomposition (p. 107} — Inle what do the aliments i'fl*.'
after the digestion has liguilicd them$® — What becomes of them?
— Why is our temperature aluost invariabily al abooat 39 cenligrade ?
B 1-::||]u1hil=lhl (pa <)}, — How does the air penetrate into
our bidy # — The lungs. — |I~'-|III alory imovernenis,
), — Ny whal process is Lhe oxygen of

air con=omed in our body., — I'roduction of carbonie acid.
17 eomposition (p. J06). — How do fishes breathe? = Wﬂ_.__;
18> composition [j. 311} — The brain, — Spinal marrew, —
Medulla oblongala, — Whal happens Lo birds in which brain has
been destroyed? i
19 gomposition (. 312, — Touch, — Taste. — Sensatizns
produced al a distance,
20 copnposition [p. 314). — The nose,
A composition (p. 316). — Tha ear.
22% eomposition (p. 3168). — The eye.
L]
. L
&
[
*
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477, Vital seeis ave similar throughout all

®  the animal kingdom. — We know how animals
live, how and why they eat and breathe, how they move

about, how they feel, and how they manifest will. I say
“animals” althopgh 1 have scarcely spoken of any ex-
cupliug‘mu vertebrates, searcely even of mankind, be-
cause i realily it is essentially the same phenomena
we meet with in all.  'When a cockehafer ﬂri]ns, it sels
its wings in motion by contracting ils muscles, just as
we do when we set in motion our arms, ete. Troe, the
= cockehaler has no bones allording to 1ts muscles a
point of support, but its hardened skin answers the
same purpose. When a snail withdraws its horos on
Leing touched, it is because il lcels the contact of your
finger by the mediation of a nerve, just as we might do,
When a butterlly that P’uu lry to {‘.um]h, looks at you and
flies away lo eseape from you, il reasons in uts little
brain just as the chickens did when Paul frightened
them. An animal may have four leel or six, or two or
cven pone at all, it may feed on grass or on flesh, it
may live bidden in a hole, or ynder the deep water,
or soar in the open air above the clouds, the great
question with it ever is, to eal enough to replenish
what ils organismehas used, to feel, to move, to will; il
is alwaysa matter Elf'stumm:ﬂ, museles, nerves and brain.
We must now try and see how plants live. At firsl
ight this study seems leas interesting than that of ani-
mal life, becanse_plants have no power of locomotion,
geither have they feeling nor will; consequently no
uscles, nerves, brain, nor sense organs. But they
.. require fdod, they grow, and in this respect they afford,
F{]. will hereafter show you, a still more curious study
than even animals,

Weé will-begin by what is most asipnishing in our

subject, namely the devglopment.

s
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278, Germination. — Cnee more we will consi-
der the haricot bean (fig. 1) which has already been so
usaful in our hl]lllliifiki‘lf‘ﬁsmhﬂ 1 will once maore show
. : you the paris that compose this seed;
R so wo will in the first place ake off
| the skin, which lor us has no great
W R mnportanse.  This discloseseto yois
\\ [t 5 two fleshy * masses A, B, U colyle-

| ¥ dong s between those you see Lhe

Fie 4 young plant G with its radiele or
KB Eatshodan. rootlet, its liny dumule above,
. voung plast Here is another haricot {lig. 2).
This time the radicle projects about
an inch above the Eul}lu*uﬂnns D, E;
the stem B also bas stretcRed out,
and begins to unfold tiny leaves G.
This haricot bas begun to shoot.

270, Conditions necessary
for germination. — You wis
to know how this result was obtained.
Some days ago I put the haricot into
a pot amongst some damp pounded
bricks. The moisture swelled up
the skin of the bean, soaked the

) young plant, which drought had
Fig.2 — A haricot that kopt asleep as it were, and thus
has germimaled, thanks :L“-'I'}kﬂ it,

in the lrst place to S th :
moisture, in the second =l HﬂP[ﬂHt Erew.

to keat, and in the third 1. Moisture then i3 an indis-

te the czem ir. . P & &
o ofthesit. o isable condition of germination.

b, stem. = 2. So when one desires to keep seeds

G, young leaves., : 9 5 ]

R S B e lor :m{ length of ime, they must be 1
carefully housed tn seme dry place,

otherwise they begin to shoot : that is a fact every one
knows, ® :
You must not conclude however that moisture alone
suffices to induce germination. II we- were in winler,
and if my haricot, cven moistened, had been submitie
to the temperature of fwo or three degrees eentigrade”
above the freezing point, it would not have begun to

P e

L What conditlon.is neeessary to | must be taken when e wish to pre-
germination T — 4. Woal precaution veny saeds germinaling?
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ghoot; at ten degrees centigrade the germivation
would have been but very slow. We are in summer,
the thermometer* of the schoolroom indicates 20 degrees
eentigrade ; therefore the germination has gone on *ra-
idly. 4. Besides moisture then, a certain degree of
gat is also necessary in order to allow sceds lo
gerutinate; and the greater the heat, the more rapidly do
they shoot up, this in a moderate measure of course :
it would be quite a mistake to have them cooked, if you
desire them to grow.

This is not all, The havicot [ show you, began to
shoot beeause it was in air. Had I put it under water
it would not have done so, even had it not lacked heat.
2. It equires then air also. 3. And as you can ecasily

imagine, what it requires from air =
is oxygeg. It can perfectly do TT Sl
without nitrogen, but it greedily ab- Tl 27— {_,
gorbs the oxygen, it breallies 1, =

and gives back just as an animal ﬁ

would , carbonic acid

See here is a glass boltle, closely
corked (fig. 3), into which 1 put
gsome barley sceds moistened so
that they might shoot. They have
grown 2 little as you see, then died
because all the oxygen that was
in the bottle was exhausied, See ]
here is the proof of what [ say. 1 rig. 3. — The tame goes
apt fire to this bit of straw and oot immediately because

i : the oxygen of the fask

plunge it into the bottle : the fame has been sbeorbed by
roes out immediately because therg  the seed dhal has ger-
I : misaied.
15 no oxygen.  &f 1 had the propor
apparalus he_ru:,'l could show :['uu that what has taken
s place is simply earbonic aeid.

. So, the seed in #Mie course of germination con-
sunies oxygen and yielids up carbonic acid ; its respi-
ration is sintilor to that of an animal.

But carbonic acid is produced by combustien® of

1. Does mojsture alone safifies for 3. Des it lake from ihe air oxygen
o kalion ? — What more s want- or pilrogen ¥ — A In short, what
vd? — 2. 'What else is wanled to does 3 pland do in germination?
radace i harical lo spropt ¥ —

an
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carbon in oxygen. Where does the seed find the
carbon it thus burns?

480, Consumption of earbon duoring ger-
mination. — Obszerve the cotyledons of this harieot,
they are guite flaceid, shrivelled and half empty, instead
of [h:iﬂg round and feshy as before. 4. 1t s they that
have furnished the edrbon, They contained starch
matiers, which are rich in ecarbon, these have almost
completely disappeared to such an extent that the haricot
[VHES {u.‘-.‘.il-fl]l_' quite unfit for eating.

ail, Vegetation® in the dark and vegmeia-
tion in the light. — This source of carbon can last
for a long time. See here is a haricot (fig. 4), that

"'"!
xhg;%

]
1.-'3

Fug. &. = A hariect that bas germn-

|
" ! Fig. 5. — A harieol thal has germi-
nated in the dork, it 1§ yellow, and

: i L™ nated in the open air, it i green,
has Lot its weight, havieg lved itz weiphit has inoronsed ; it has lived

- guly on the carbon of the (wa coty- on the carbon that il ook [rem the
ledons. eaebonie asid of the air.

I planted about a fortnight ago, at 1le same time as
another | will soon show you. [ planted it"in pounded,
moistened bLrick, only instcad of leaving it exposcd lo
the light [ kept it in the dark.® 2. It has grown quile

yellow, as you see, it is as we say efiolated. See, ils 7

slal_k is about 20 inches long. 3. And had [ drigd the
entire plant, leaves, stera, and what remaing of the

been obeerved in he welght of 2

1, What has [faraished the yoong
(lant with the carbon which has been
burned ia the oxygen of the airt—
2.What bappens to a barbeot that
grows im the dark? — 3. What kas

haricot thal Las L_.-r-n-uu;lrd T TS

dark, compared with e wei

one that bas mot germinited ovall?
-
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s haricot itsell, you would see that the whole weighs much
less than a mere haricol bean, dried in the same fashion
Lefore having grown at all.  The cotyledons are in fact
quite dried up and exhausted, .

And now L.||L*l us pass on to another phenomenon.
Here is the haricot (lig. 5) I spoke about a fow minutes

go, planted at the same time as the former, under si-

%ﬁ!m' condilions. 4. Only this one Has grown in {'uHEu n
fight; ita stem is green, its leaves are broad and 1ealthy.

2. Were we to |ii-1-3.- i, it would weigh much smore than
a simple haricot, similarly dried.

4 The shoot of the first haricot, that grew in the dark,

is yellow, and the whole plant, haricot, stem and leaves
~ fas decreased i weight; on the contrary, the shoot of

the secogd that grew up in the light, is green, and its
weight has increased,

282. Light causes inerease of weight, —

So light makes the plant grow green, and causes

increase in weight. Bul where has the plant found

material wherewith to augment its weight in solid
malter? 1, of course, leave aside the water it drinks,

Has it found it in the soil or in the air?

The experiment was made in such a way as to exclude

all possibility of the plant taking any substance from the
:wilf. The flower-pot in which it was planted contained
only pounded hriuﬂ: it might have eontained pounded
china or glass, the result would have been the same,
The plant certainly found no nourishment whatever in
the lower-pot; it could moreover be very easily proved
that the weight of the brick dust has not ut all dimi-
nizhed, ' H

3. Then of course the additional substance found in
the plant must hav@ heen derived from the air?

Yes, 1t was! But what has the plant taken from the
air? Ah! this is something most marvellous, and that
¢u’ng remained a mystery® 4. The pland, in order fo
wégelate”, absorbs -carbonic acid, which is always to
be found in the aiv; decomposes il, retains and ufi-
Jises the carbon and gives back the oxygen. I will

L. What bappens to a haricot that | was mecessary la angment its weight
grows o the open air? — 2 What | in dry material? — &, Whal has it
may be dbserved on weighing it? — | taken from tha sir?

& Where has the plant foond what -
-
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forthwith relate to you an experiment that proves this *

alatement.
o5, Absorption of the earhonie acid of
mir. — In the course ol the last cenlury, au English

chemist named Priestly”, bad placed two mice under a
gluss shade ; naturally, after a certain lengih of ime they
both died of asphysia, baving used up all the ﬂx}'gﬂ
the air under the shade, and of eourse emitted carb@nie
acid. Priestly then conceived the idea, for what reason
[ cannot tell, of ]lauliing under the same =shade, into the
very air whiech had proved latal to the poor mice, a
small plant with healthy green leaves. Sirange to say,
the plant not only did not die, but even appeared o
prosper; this result was certainly very interesting, butf
the most astonishing part of the story is yeldo come,
Some days afterwards, Priestly removed the plant an
put another mouse in ils stead. Now tRis one live
where the others had died ; it only died in the ordinary
lapse of time, that is to say after having consumed all
the oxygen; then of course it was asphyxiated like the
others. This proves that the plant Hmd purified, reo-
dered respivable, the air that had been tainted and made
impure by animals.

Great was Priestly’'s astonishment, and no wonder!
So much the greater was it, in those days when but
little was known of the composition of air, or of what
carbonic acid, or oxygen was. All this must have ap-
peared at that time obscure enough,

At the present day it is r!uita plain, thanks to che-
mistry. II:is knownyas I told you, that planis absorb
carboyic acid, decompose it in order to live upon
the carbon, which they retain, whilst they reject
the oxijgen. We are thus enabled $ explain Priestly’s
experiment with perfect case and precision. The mice
had consumed all the oxygen® of the air under the

shade, they moreover taintdd it with carbonie tlﬂi:?".

the produci of their respiratory oxidation: an aninu
could no longor live lihr.-rnin. The plant absorbed
the carbonic acid, relained the carborn, and restored
the oxygen; so that the air became once more fit for
breathing.

284, Action of lizht on the green pavis of
plants. — Upon close examination it was seen that two
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conditions were requisite before the plant could acecom-

lish this process.

4. 1" That the plant be green, for the green parls
alona are eapable of thus decomposing carbonie acid;
and Thal Hu'fn’mtf showld be exposed to sunshine or at

.loast to sunlight. Under these conditions the rapidity
“*5f the decomposition coincides withthe intensity nFiiglJl;
it ceases completely in darkness,

o, Experiment. — [ underlook to prove to
you all I have just advanced, so we will now proceed
to make a simple experiment.
Here is a large vessel of elear
white glass (hig.5). 1 filled it
at the q;'nnluin', and brought it
here a few hours ago, so that
the water might not be too cold. =
Paul, go to the old water cask
at the bottom of the garden and ;
bring me some of those long o i waler. taken oy i
green filaments that grow on  corbon and set at liberly the
its edges, and which I may °¥&%
tell you are called confervm. That is right, See [ hang
them on the edge of the vessel, allowing them to lloat in
the water.

We are in the shade here; let us transport our pre-

cions digh in full sunshine and wait a little. See now
how many little bubbles of gas appear on the green
wavy threads? If we shake the vessel gently they will
zot loose and rise to the surfpee. This gas is pure
oxygen, which the green plant, wunder the influence of
light, has formed, by decomposing the carbonic acid
that exists in the water; for it is to be found in water
as well as in nir.”
Now, we will carofully shake the confervie, so as to
Aetach all the bubbles, teen we will cover the glass vessel
awith this thick hox so as to put the whole thing in com-
- plete darkness! When school-time is over we will lilt
it off again, and we ghall see thal no new bubhles u{
oaygen will have been formed, because the plant will
have remained in the dark,

Fig. 6. = Under the influence of
]Elghl the green conferede have

1, What eonditicns are necessary | earbomie acid of the air, and bo re-
1o enzble a plant 1o decompess the | store the caypen?

-
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Had 1 had time to go to the river side to feich you an
aquatie plant called Potamogeton, you would have seen
the same phenomenon, but with much greater inlensity.
Uhder the influence of light, this plant discharges oxygen
with such rapidity that with a lunnel I should have been
able to gather a sullicient quantity of it to Al a ulh:‘-

¥ -

~— +  (lig. 7), with which we" mig}
_,i_{:‘ have relighted o mateh as we .
- gl WA didin our chemistry lesson, We
‘-ﬁ:’jﬁ may do so at some luture day, "
e Rii T Thus {wo conditions are
= pid % T .
o e = necessary for the purvification
| S 0 =] of air by plant life, green

substance and light. A
206, Parts of plants
that are noet green, —
Bul, you may inquire : what
happens to the plants that are
not green, and what happens
when there is no light, during
the night for instance, to plants
that are preen?
1. That can be easily ex-
plained. Plants that are not
green, such as mushrooms, or the parts that in ordinary
plants are not greenm, viz: the flowers, fruit, rools,
ete., behave towards the air, exactly the same as
animals: they burn, or if you like il Eym'r', they con-
sume the oxygen U( air and they [fabricale carbonic
. acid, and that whether they be in light or in darkness,

2. A=for the green parls they remain inactive during
darkness. .

207, Recapitulation. — Afte® alk I have Deen
telling you [ should like some one to prove that he has
]iruperl:,r understood me. Coubl you do so, Paul? How ;'/
does a green plant act in the day time? — Sir, it puris
fies the air, it takes in the carbon off carbonic actd
and rejects the ozygen. — Well; can you tell me what
particular parts of the plant are atwork in this operation?

Fig. 7.— Polamaogeton d.l:l-rharsf:,'
cIygen 1o sbpedance,

behaviour of plasts dhat are potl | erdinery plants?— 2 "What do the

L. Whal, as regards the sir, is the ‘ the parls that are nol Eréen in
green, soch a8 mushrooms, or of | grees paris do dusing the night?
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— Its green leaves, and the green parts generally. —
Quite go; now the roots and bulk of the stem, how are
they engaged whilst the green parts work so? — | think
they act as animals do : they inhale the oxygen and
exhale carbonie acid, — That's quite right.

Thus, simultaneously, in the same plant, two opposite
henofena take place : the production of carbonie acid
¥ Mo parts that are not green, and consumption of
carbonie acid by those that are green.  Only, the latter
A activity being ‘very much more powerful than the
former, the plant, not only does nol augment the pro-
portion of carbonie acid in the air, but consumes what it
tinds there. ..

288, 'The real nature of the absorption of
earhonic acid. — The expression « respiration of
plants » as gou will find it written in many books, is
then quite erronesus when uppliml to the decomposition
nl'n'ul-ljmuia acid of the air. True those partsof the plants
that are not green breathe like animals, but the decom-
position of the earbonic acid by the green parts is quite
the reverse of respivation, and bears a mueh closer
resernblance to digestion.

The word digestion applied to plants seems 1o afford
you some amusement, master Paul, why so, pray ? — Be-
cause, Sir, plants have no stomachs. — If that iz vour
only reason, my child, it has but Linle value = for there
are members of the animal kingdom, whose organisation
is 80 very rudimentary that they are not even provided
with a digestive canal, yet they are able to digest the
suitable aliments that come in contact with their bodies;
all the surface of their body thus acting as digestive
organs. Bul tell eme, why do people digest? — In
order to nourish tht body. — Well then, when the plant
decomposes carbonie acid, don’t you think it nowrishes

ilself wpon the carbon it retains for its own use? [If vou

Consider the compasition of the plant, you will find that

carbon forms about the half of its substance, 4. Wall,
this carbon it obtains from the carbonie acid of the air
.. that surrofinds it, from the water which bathes ils roots
and which it sucks up into its body. You see the word

-

1. Whr is tfe absorption of earbomie asid by the gresn parts of plants

u digestive proceas? -
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digestion was quite applicable, and comes nearer the
truth than that ol respiration.

And this is why the baricot T showed you a lintle while
aco. that had breakfasted on sunlight, bad prospered and
grown heavier. It is for this reason and alter this man-.
ner, that all green plants around us grow (fig. 8). All

* day long they are busy flecoms
posing carbonic acid, indrder .
lo lay in provision of carbon,
g0 48 lo be able 1o add 1o * ‘4
their stature and their weight.
Through the dark hours of
night ﬁm}' takg rest, they even
use up o little of their store
of carbon laid by in Yhe day
time, and thus theg exhale car-
bonic acid. You see all this
is very simple indeed.

o809, Winter, — 1 aee
James has a question to ask? —
Please, Sir, in winter when the
Fig. 5. — The grees parts decom-  |€aves have fallen off, what hap-

pose the carbonic acid of the pcrls? — That 1z a vory "n""-"n‘l

air, retain ihe carbom, and . ! v

give up the oxygen. question, my dear child.  Well,

in winler things go on in the
same way as during the night. 4. The plant breathes,
and consumes day and night the carbon it had gathered
in during its green lime, in the long summer days. 2. 5o
at the end of winter the_plant weighs less (in dry material
of course] than at thu{ugilming. They have fived on
their stbre.  If winter were to last for ever they would
all perish of hunger. .

Has any body any thing clse to ask? —Please, Sir, of
what use are the roots, since it is the leaves that nourish
the plant? Why are they wstered, why are they mia-_ -
nured? — Oh! oh! these are a good many questions at
once. But be patient, they will all be answerd. 4

290. Part played by roots. — Of what'use are
roots? 3. In the first place they support the*plant, for”
it would be unable to stand against the wind were it

rF

1. What happens in wisler when l a proof of il. — 8. What is he use
the leaves have fallent — 2. Give me | ol gpois?
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not for their aid. You can casily understand this, so 1
need insist no further on the suliject.

, Why do we water plants? Lot us Iry Lo roason o
linde. A plant is like n sponge lull of waler. In the
pir, in sunshine, il cut down, it gets rapidly dried ug.
. LLwould drey up in like manner standing; but its rools
jtirage down into a soil more or less* moist, and suck up
into the body of the plant the necessary supply of water.
E Hence when the soil is dry it requires Lo Eu watered.

2. Things go on in the following manner ; the leaves

that the sun threatens to dry up, suck water from the
branch on which they grow; the branch draws up ils
shiare rom the stem; the stem from
the root, swhich in its turn renews
wrovision [rom the soil,
3. The moisiure is as it were sucked
v the evaporation of the leaves; it
rises, through the wood, eireulating
in very fine tubes or vessels.

Thus you see plants should not be
watered at random. It is necessary :
to consider the degree of heat, the =" -
state of the air, or of the wimf, the Fig. 9. —Tharvats trans-

mik to the plant waler
arca of the plant exposed to evapora-  andall the matiers that
lion, and uﬁiu its mode of living, for SN WA S [ 1he
whilst some plants require great :
quantities of water, others want bul little. These last
have generally thick fleshy leaves that enable them 1o
have a certain quanlity of waler in reserve, or they are
provided with roots L%]u!. wenelrate deep into the soil
and reach places that are a!lwag.'ﬂ damp.

201, Absorptibn in the soil of nutritive
matier, — 4 The water that the roots thus aldain
[rom the soil is not pure distilled water; it has dis-
wled all that could be di%solved in the earth throngh
wigeh it has liliered, and the roots absorb these sub-
stfinees along with' the water they suck up.

i,
|
= rop e L N = -y
. 5. This is most Em]imrlﬂnt. for vegetable matter contains
~ not only earbon, hydrogen, and oxygen [the constituenls

1. What cther services do rogls tree, — & ls pure waler drasn up by
render 1o'plinis? — 3. Deseribe what | the roots? — B Whal slse is thers
takes placg. — §. Show how the waler | in vegetable malldr beside water and
rises from the roots to afl parts of the | carbon?

-
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of water) and water, but also nifrogen, although in lesser
qumntii},' than in the bodies of animals. It also con-
Wins phosphorus, potash, lime, salts, silica, iron, cte.

1. All this they find in the water, which their leaves
inhale and their roots* absorb.

)2, Necessity of manure”, — You cag casil
believe that by dint of dissolving the different substanies
of which [ have been speaking, water al length impo-
verishes the soil, so that the necessary aliments of the e
plant are no more to be found therein. In nature things
go on quite smoothly all alone. When a plant has
grown, and when by ils roots it has absorbed all the
nourishment its soil could afford, it cies, {alls, rois on
the place it had exhausted, and returns to thaground
what it had taken from . Bul when a plant grows
in cultivated land, things are altogether *diflerent, w
cut down the plant and carry it away, thus it happens
with cereals®, with fodder, we cut them for use instead
of allowing them to fall down and die like wild plants.
And the poor earth, who will repay it for all it has given
to the corn, to the hay? Naturally it becomes exhausted ;
and, after two or three crops of corn, has nothing more
to give to feed corn, which refuses to grow there ; what
has been taken away must then be given back, in
some shape or other,

This is why manure ia indispensable. 2. All planis
have need of nitrogen ; so farm-yard manure, which
contains a greal deal of it, does well with all of them.
But it is a very remarkable fact, that all plants do nol
ahsarb, exactly similar substances; naturally, it is neces-
sary to give Dack to the soil precisely the substance the
plant has consumed in it. 3. Thu§ the vine conlains
not a litle potash; therefore wood a%h is excellent
manure for vineyards, beeause it is rich in potash.
4. Wheat contains phosph®rus: hence phosphatesdy”
crushed bones, will greatly facilitate.its vegetation, A4l
this is plain enough and easy to understand as h
prineiple. : 4 :

But | mo=t add somoething further. [ said a minute =

1, By what agency is all this fur- pught the vioe lo be nofirishad T —
gished them? — 2. Why does farm- | & What '+ the unoorishment that
manure suit all plants? — 3. How | soMs wheai!
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2go : « When a plant has grown, it dies, rots onthe place
it oceupied, and gives back to the carth what it took from
it. » This is quite true, but it is not the whole truthe
The plant yields to the carth not only what it took from
it, but also what it took from the air, that is to say, all
his carbon, its nitrogen also, which is extracted from the
™il by & very curious and intricate ffrocess; you can thus
= understand gm-.' it is that E..."h:msfmtf land left to rest, ns
people used to say, becomes fertile again, by the sole

action of weeds that spring up upon it. 'The land is
as it were manured by nature,  Only, practically speak-
ing, it is generally more lucrative to put dung on the land
so as 1o enable it o be continuously yielding produce.
205. Plants fabricate what animals con
ume.—You now have a pretty aceurate idea as to how
lants live, avd you can understand why their existence
s indispensable to animals. 4. It 1s plants which, by
the action of light on their green auEmauc::, take in
carbon from the air, by means of their roots take the
hydrogen and oxygen from water lhe{' find in the soil
nitrogen from the nitrogenous mineral compounds, and
with all these fabricate the organic matier which is
necessary for the life of animals, such as the starchy
matler, sugar, oil, and the nitrogenous constituent of
the corn (gluten) 2. The animal by ttself cannol
fabricate anything ; it is only capable of constantly
transforming, of consuming, and restoring to the stats
of water, earbonic acid, nitrogenous miner compounds
and the organic matter which the- plant had produced
precisely with these very elements, i

3. Thus the animal ‘eats the plant (herbivorous), or
else it cats the an@nal that has already fed on plants

{earnivarous); be this as it may, the animal lives on

the plant, :

4. Again when the anim# dies, the plant finds aliment
rr:l=its Ei.‘ad hody; and even during the life of the heast,
the plant, feeds off the earbonic acid rcjected in animal
respiration as well as by the waste products of its ali-

- mentation. 5. Thus the animal feeds on the plant and

1. What da plagte do with all they | the azimai render the plant? — 8. Tu
absorbi? = 3 Cag un wnimal fabreate | what may these motoal services b
anything? — 8 On what doos an | compared? 2
auimei liveY — & 'What servicas dues .

15
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the plant on the animal, with the help of sunshine
and air.
. 204, Sun indispensable to life. — The first
indispensable requisite to lile 18 the sun, 4. Were the
sun to be extinguished, the green parts of the plant
could no longer fullil their functions; they would eve
disappear, as is thd case when a plant grows Tn das
ness. Hence no formation of new vegetable matter, -«
and subsequent death of animals whose store of food
would soon be exhausted. So it may be truly said that —1
all life depends on the sun, for were its heat or its light :
to fail, nothing living could exist on the face of the earth.
005, Suhjects of study necessarvily lefi
aside. — I have now told you all that the ]itu_il.-.a of this

Fig. 10, — Sensitive plant intact, afler a g!u:t, : sleeping al midnight
course of lessons will admit upon vegetable physiology.
Many more very interesting®branches still remain (o
studied. You have yet to learn about the substa
formed by green leaves; how the #ugar coptained’ i
the leaves, — in the stem of the vine or in wheat,
for instance, quits these organs and goes 'to form the -
sugar of the grape, the starchy matter of the grain of

)
1. What would become of plants scd lils gezerally if the snn were es-
tizguished ¥ ; i ¢
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wheat: how it 15 that beel stores up in its root, during
3 the first part of its existence, the sugar it will require
during the second, when 1t will bear Nowers and secdg;

how' the different juices circulate throngh plants, and
what the sap really is; all about the bud, and how 1t can
live wlen goparated from the plant that bore it, and can

."r B lr.:l.l:].‘i'l'llil.ll[t‘lj by grafting or by &lips; how the '[JI"I!]L"]I.

- and the ovule come in contact with cach other, contact
= necessary for the formation of the seed ; how some
.

plants have one aspect in the 4!|1|y time and another afler
night fall, either as regards their leaves, as with the

acaeia, or their flowers, as with the field daisy; how
some plants slesp; how others have parts that scem to
have fegling, and move when touched as tha sensitive
plant (fig. 10), or the stamina of cortain flowers.

You see much remains to be learncd.  Bul the great
thing is to understand perfectly how plants fabricale or-
gani¢ matter, and [ hope you all know that now.

SUMMARY. — VeceTasLE PrYsioLogy.

i. Germinatlon (p. 326). — Moistare is indispensable o
germinalion.

2. A certain degre of heat is likewise necessary.

3. It I= alzo indiepensable Lhat the seed have access o the air.

4. The part of the air necessary for the growth of the plant s
oxygen This the plant absarbs, breathes, burns and gives back
carbanic acid just a8 an animal would do.

5. To be thus ableto burn or consume oxygen, carbon is neces-

sary; this the young plant finds in its cotyledons.

6. If the seed germinates in the dark, the germination=will take
place exclusively at I;m expense of the carbon contained in Lhe
cotyledons: the plantawill grow up yellow, and, if weighed after
desiccalion will Be found lo be lighter than a mere harieat bean
similarly desiccaled withont having sprouted

“ 1. Thus in the dark the plal springs up yellow, and its weight
~dminizhes. :
¢ 8.1 on_the contrany the plant 15 grown in daylizht its shool will
be green; when desicealed it will be found to weigh more than a
*laricol beant desicesled wilhout having germinated.

i 9. When the plant has exhausted the carbon contained in its
cotyledons, or éven before il is quile exhanated, it will absorh the
carbonic-acid conlained in the air, and decompose it, retaining the
carbon and giving back the oxygen. ‘

I {0. The nction of light on the green paris of plants
:
|



purification the Lwo following conditions are indispensable @ 1. The
l'[‘m“ pmzl be green, as lhe green parls alone decompase carbonic
afil; 2. the plant must ba exposed to sunlight,

14, In the dark, the decomposition of carbonic acid ceases com-
pletely. 5

11, Parts of Plants that are oot green {p- 332). — The/
parts of planks {hiat are bl grecn, such as the Nowers, n-ufh, rool
act, as regard the nir, just as animalz do, they consume oxygen and -
erhale carbonic acid

13, Dlgestion of plants (p. 333). — Thus, thoae parts of the -
plants that are not clad in green, breathe like animals; bul the '
decomposition of carbonic acid by the green parls is rather a

digestive Lhan a respiratory acl,

14, The plant feeds on the carbon il retains #just as animals feed
on the carbon they find in their aliments. .

45. In winter, when lhe planis have lost their leaves, 80d conse-
quently have no green parls, they live on the storg of carbon laid

Hidl SURJECTS FOR COMPOSITION
(p- 328}, — Plants purify the air; only in order o aceomplizh this
’

in during the summer.

{5, Part played by the roots (p.334). — The rools, in the
first place, sustain the plant, and keep it from being overlurned;
but this iz not the only parl they play.

17. The water of the soil, sucked up lo replace the waler eva-
poraled by the leaves, containg several substances: nitrates, phos-
phorous, polash, lime, silica, iron. These substances are absorbed
by the planl.

18, Use of manure (p. 336). — Afler a certain length of time, 1
however, all these substances are exhausted by Lthe plants; il isin
order Lo replenish the earth wilh them thal manure is pecessary. i

10, Plunts fabrieate what animals consamao (p. 337).

— It is e plants which with Lhe help of their green substance
and light, extract from the air its curhon, from the soil the hydrogen ‘

Q-

and oxygen of water, nilresgen from the nitrogenous mineral com-
pounds, and that with all thess substances, fabricate e organic
matter necessary for animal life ; starchy matter, sugar, oil, gloten.

90 An animal i= incapable of fabricatingany Lhing; it can but
restore Lo the stale of water, carbonic acid,%or nitrogenous mineral
compounds, the organic matler which the plank had produced
with precisely these elements.

21, Indispensable to all this is tEl:!ighl‘. ; ¥
_____________—-1——-——-ﬂ
_— - — :

SUBJECTS FOR COMPOSITION

§ composition (p. 327} — How does a plant oblain its carbon =,
during the process of germination? — Difference between a haricol
ihal has sprung op and grown in tha dark, and & baricol that has
sprung and growa in the light. How doesa plant kreaihe during
ke process of vegetation? it : !
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248 gpmpusition (p. 330). — Experiment of Priestly proving the
absorplion by green plants of the carbonic acid ofair.  Experiments
of like description with eonferva, ele,

34 composition (p. 330}, — The action of the grevn parle

1k
rather than a respiration ¥

of plants. — How do these green parts act during night? — How

1o the leafless trees live throughout winter ¥

40 corgposition [p. 333, — Why are we enlitled Lo say that
aborption by plants of the earbonic afid of air is a digestion

5% pomposition (p. 334 and 336). — The function of rools, —

Neoeseity of manure.
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Amphl gls (bl Lra iansglineey
i w=aler, <8 i s

Anatomist, sne whosludies the orge-
miaing of the b b (e laman body wr
ksl of any 1

ite gy cOe TeET.
12 whate bodies ore
s of ring-shaped divi-

in wates.

bt can b ol
miztare of calea-
resus powder, gralas of flng, elsy dust
and aninzsl and vegelable resaing
Artifigial. prodased by sil, or man's

mdustry. The cocirafy st has heén
produzed seresthy by naliare
Asia-Plenor, & glvgn by Ria ancients

o that giart &f &s13 thal [es Lo the saq

ef the Kirk %ea and wheeh is alsa ¢

Tureef-in Anin =
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31531, Tha ereator of paieantodapy. the
o Liad ireats of Delngs thal have s
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Spitzborgen, group of islands of
Arolse ocanta, ba Eke north of Lapland.

Stareh, ance extracled from man
plants, particulsriy frem wheal, #arc
Bl W W waler iv used Lo wilfen
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and dress lingm

Stropture, mede of composition of w
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sdhere 16 anglhang

Tamed, réduced frem & wild 108 de-
meslic of il stale.

Thermometer, insirumest used 10 8e-
ceriain Lhe degree of heat of any bedy or
fhal of the smrroundmg sir. This o8 ohisis.
ed Ly meams of the conlraction and ez-
pansicn of mercury or aleohod.

Tinder, substanze given by a poct of
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rocess whick renders i very
kimdled.
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NETEFIN, COOsSwise.

Triangular, that bes fhe form of »
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wmoulb

Twilight, dowbtful light ; the fainl light
belween sunsel asd pight,or hetween sun-
rise snd day.

Valley, a space of groomil low lving
belween twe or more hills or mosnieins.

Vegetatlon, development, growih ef
the parts bt consiliuste Lhe plant.

Vontilota, to renew the air - to make
n fresh supply of air pasa through »
roam, ele.

Wertioal, serpendiculsr, that follows
the diresdson of The plomb lise.
Yertabratea, amimals provided with

veriebra. The veriehrs s ome wf the
wmall Gones which compoze the verielral
ar spinkl colsma,

Yeolts, 8 celebraled ReMan wha wiudied
rataral philscphy &nd  invesded many
instruments far hif espefimeslation. The
s celebraied is the eleciriz pile; which
#iill Lears bis name.

Wialieeka, & fown in Polas

Wine, sheoholic liquer oblameed by the
fermentation of the jolce of LN

Eoophytes, animils 1hat
like appenrance, iech ns coral
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