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FIRST STEPS IN GENERAL KNOWLEDGE.

The Starep Peabens.

CONVERSATION 1. .
[HE FIXED STARS.

OxE fine summer s night, long after sunset, when
the sky had begun to glitter with stars, a gentle-
man and a little boy were walking along the high
road which led to a beautiful village in Wiltshire,
where they lived. There was a shorter and
pleasanter way to their home across the fields, but
the dew was heavy on the grass, and they found
it best to keep to the road. The boy was about
seven years old ; he was in high spirits, for he had
been spending the evening with a kind aunt, who
had taken pains to entertair him, and had brought
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out many pretty books and playthings which she
kept for the amusement of her young visitors.
Henry (for that was his name) always became very
talkative when he was pleased; and so it hap-
pened on that night, that you might have heard
his voice a long way off, talking and laughing,
and almost shouting with delight, as he described
to his papa all that he had seen and heard. But
the longest stories must come to an end, and 80
did Henry’s. When he had tired himself and his
papa with talking about the picture books and the
puzzles, and the fruit supper in the arbour, he
began to look about for something new to employ
his busy tongue upon; and this he soon found, for
he suddenly eried out,

“What a beautiful starlight night! The sky
1s sparkling as if it were covered with diamonds
—some of them fine, large, bright diamonds, and
some of them pretty little diamonds. Iook at
those bright stars above us; one, two, three,
four, five,—oh! I cannot count them. They are
crowded together in some places, and wide apart
in others: if they were set in regular rows they
would be much easier to count. Do you know
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how many stars there are in all the sky, as far as
we can possibly see, papa ?”

“Not more than six thousand stars can be seen
by the naked eye in the whole firmament, and only
about two thousand are supposed to be visible, at
any one time, from one spot; although from their
being crowded together, as you call it, they appear
much more numerous ; but there are very many
more which it is impossible to reckon. There is
only one Being who can count them. ¢He telleth
the number of the stars; he calleth them all by
their names.” (Ps. exlvii. 4.) We know that the
number of the stars must be immense, because
the telescope brings millions into view which
cannot be seen by the naked eye: and the more
powerful the telescope, the more stars does it
discover fo us.”

“How I should like to look through one of
those powerful telescopes! I dare say it would
malke those bright stars look as big as the sun.”

“You would be very much disappointed if you
expect that. The stars are at such vast distances
from us, that, even when seen through the most
powerful telescope, they do not appear any larger
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than when seen by the naked eye. But they ap-
pear much clearer and brighter, so much so, as
sometimes to be painful to the eye.”

“Does any one know what their distance really
1s, papa ?”’

“Not with any certainty. It would be useless
to tell you of the billions and trillions of miles
which the nearest are supposed to be from the
earth. Such words would not help you to under-
stand the real distance, which, after all, is a thing
only known to God. “Is not God in the height of
heaven? and behold the height of the stars, how
high they are!” (Job xxii. 12.) The Starry Heavens
are, indeed, full of wonders; and it is not surpris-
g that they excited the devout attention of the
Psalmist David, leading him to exclaim,  When I
consider thy heavens, the work of thy figgers, the
moon and the stars, which thou hast ordained ; what
18 man, that thou art mindful of him, and the son
of man, that thou visitest him? ”  (Ps. viii. 3, 4.)

“I wonder, papa, whether David saw these
very same stars we are looking at. Do they stay
in the same places year after year, or do they
move about and go away ?”
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“Nearly all the stars you can see this evening
are called fized stars, because they remain at the
same distances from each other, and occupy, appa-
rently, the same places in the heavens which they
did hundreds of years ago. DBut a very close
observation of some of them has shown that they
have a certain degree of motion, though too small
to make any sensible difference in their position.
Some of the gtars noticed by early astronomers
have, however, quite disappeared? while others
have come into sight for a time, and then gradually
vanished.”

“How I should like to know where they are
gone to, and why they went away, and whether
they will ever come back again, and what they are
made of, and a great many other things about
them !”

“ Youmust be contented to remain in ignorance
of many things; but you will be surprised to learn
one thing, which astronomers say of these thou-
sands of stars, these little bright spots that spangle
the skies.”

“ And what do they say, papa?”

“That they are all of them suns, just like our
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own sun, but at such immense distances as to
look like specks of light.”

“What a strange idea! Why should there be
such a number of suns, and at such a distance,
too, that they scarcely give us any light ?”

“You must not fancy that all those beautiful
stars were made for the use of this earth. If they
are suns, they probably have their own special use
i giving light and heat to worlds like ours.”

“And do you really think, papa, that there are
hundreds and thousands of worlds like ours,
lighted up by all those suns ?”

“We have every reason to believe so, nor can
we suppose that all those worlds are empty and
without inhabitants. Perhaps the people in them
look upon our sun just as we do on theirs, and
have no other idea of its appearance or use than
as one of the fixed stars.”

“Not a fized star, surely, papa, when 1t rises
and sets every day ?”

“It appears to do so to us; but I will explain
to you another day the reason why it seems to
move, while it is 1ea11y a fixed star, like those you
see in the sky, many of which also appear to rise
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and set. But if you look towards the north, 1
will help you to find out several stars which never
set, or become invisible to us in this country.”

“ Which is the north 7

“Turn your back to the spot where the sun
set this evening, and your left hand will then be
towards the north.”

«T am looking to the north, papa, but I do not
think 1 shall ever be able to know one star from
another, or to find out, among so many, the par-
ticular stars which you wish me to look at.”

“Tt is puzzling, I know ; but in order to find
the fixed stars, the ancients arranged them into
groups, called constellations. These constellations
are named after different persons, animals, and
things, and in the course of time I hope you will
be able to find out many of them. One of the
most striking constellations is in the form of a
cross. It cannot be seen in this country, but it is
described as being very beautifal. Here 1s a
picture of it [see Frontispicce]. Among those which
we can now see, I wish first to make you well ac-
quainted with a few. That which I am going to
show you is called Ursa Magor, or the Great Bear.
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There are seven principal stars in it, and most
people soon learn to distinguish them, for they are
bright and beautiful stars. Look to the north, m
the direction I am pointing, at seven large stars,
and of these you will see that there are four in
the body of the bear, and three in the tail.—There
are no fewer than 338 stars in this constellation :
but, from the seven conspicuous stars, country
people eall it Charles’s Wain, or wagon ; the four
stars being in the place of the wheels, and the
three stars serving for the team. Others fancy it
like a plough. Do you see 1t ?”

“I think I do. I see seven stars in the shape
you speak of, but some of them are much brighter
than others, and there are a great many little stars
mixed with them and round about them.”

“Quite right. DBut you see the seven stars
distinctly, and that is enough. Take particular
notice of the two foremost stars in the body of the
Bear; or if you chose to fancy it a wagon, take
particular notice of the two hind wheels, for those
will help you to find another constellation, called
the Little Bear, which is very much like this, but
smaller, andin a different position. When we get
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home I will show you a figure of the large stars in
each constellation, with the bears, which you know
are only imaginary. Two of the stars in the Great
Bear are nearly in a line with the last star in the
tail of the Little Bear. See if you can find it so
in the sky.”

“I have found it out, at last. Here is the
Great Bear, and there is the Little Bear. T am
very glad I know two of the constellations.”

“ Another well-known constellation is called
Cussiopeia’s Chair. In order to find the Little
Bear, we supposed a line to be drawn from the two
foremost stars in the body of the Great Bear ; now
if we draw another line from one of the hindmost
stars in his body, and let it pass through the tip of
the tail in the Little Bear, and then continue it in
a straight line to about the same distance beyond,
we come to Cassiopeia. This constellation has six
conspicuous stars, with a number of smaller ones x
it resembles the letter W in the arrangement ot
the five most brilliant stars: but in old books on
astronomy it is represented by a woman sitting in
a chair or throne, with a branch in her hand.”

“Oh, I see the letter W, made of five bright
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stars; but it does mnot look at all like a
chair.”

“If you look at it sideways you will see that
we may fancy four of the stars to represent the
seat and legs, and the other two the back of the
chair; but I have something extraordinary to re-
late respecting this constellation.”

“ What is that, papa ?”

“That a remarkable star once appeared in it,
more brilliant than the rest of the stars in this
constellation, and remained in sight only sixteen
“months. This was in the year 1572, and it is said
that a similar appearance took place in 1264 and
in 945. Supposing these to be the facts, Sir J.
Herschel thinks it possible that another such ap-
- pearance may take place in 1872.”

“Oh, I am very glad it is coming again. Thope
I shall not forget to look out for it. I shall be quite
grown up then, you know, papa: and how pleasant
it will be to find quite a new star, and to know
exactly where to look for it.”

“ Carrying the line from the last star in the
tail of the Little Bear through Cassiopeia, we
come to Pegasus, a constellation easily to be re-
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cognized by four bright stars, forming a square
similar to the square in the Great Bear. Only
three of these bright stars, however, rightly belong
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PEGASUS, ANDROMEDA, AND CASSIOPEIA.

to Pegasus, for the fourth is part of the constella-
tion Andromeda, with two others which make a
tail like that of Ursa Major. But you will soon
learn to distinguish these two constellations of
Pegasus and Andromeda from our old friend the
Great Bear.”

“Yes; they turn a different way ; but they are
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very much like the Great Bear. I hope you are
going to show me some more constellations, papa.”

“Not this evening. Look again at the Little
Bear, especially at the last star in the tail : for
that is an important one. Itis very near to a point
in the heavens called the North Pole, and the star
is therefore known as the North Pole Star. You
will be glad to look at that star again another
time, when we shall have more to say about it ;
therefore, do not forget its place in the heavens ;
nor the two stars in the Great Bear which are
called the pointers to it.”

“Lam surprised that the Pole Star is thought so
much of. It is not so large or so beautiful as some
of the others, and I should not have guessed that
there was anything particular about it.”

“Talking of the size of the stars, I must tell
you, that the largest and brightest stars are called
stars of the first magnitude or size ; the next, stars
of the second magnitude ; the next, stars of the
third magnitude, and so on up to the sizth.
Beyond this there are few stars visible to the
naked eye. Some persons with very keen sight
can distinguish stars of the seventh magnitude, while

B
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others cannot under the most favourable circum-
stances discern them without a telescope. The
classification of the stars is tolerably complete for
the northern hemisphere, but there have been
fewer observers in the southern hemisphere, and
the number and magnitude of the stars in that
portion of the heavens are therefore uncertain.
You know what Aemisphere means ?”

“Yes,” eagerly answered Henry. ¢ Hemisphere
means half-globe ; so that the stars of the northern
hemisphere are those which can be seen from the
northern half of our globe, and the stars of the
southern hemisphere are those which can be seen
from the southern Lalf of our globe. I remember
your saying, papa, that the constellation of the
Cross is never seen in this country? That must
be in the other hemisphere.”

“The number of the stars from the first to the
sixth -magnitude,” continued his father, “has been
carefully reckoned wup for the mnorthern hemi-
sphere.”

“How many stars of the first magnitude are
there in our hemisphere ?” asked Henry.

““ According to one of the best catalogues, the
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stars of the northern hemisphere are:—of the
Jirst magnitude, 9; of the second, 34 w70t dhe
third, 96 ; of the fourth, 214 ; of the fifth, 550 ;
of the sizth, 1439 ; making a total of 2342, which
are certainly visible, while as I told you, stars of
the seventh magnitude are also visible tosome eyes.”

“Do you think, papa, there are as many stars
i the southern hemisphere ?” :

“It would appear not; since the total number
of stars in both hemispheres from the first to the
sixth magnitude has been calculated at 4100.
Adding to this the probable number of stars of
the seventh magnitude, we have about 6000 stars
distributed over the heavens, capable of being
seen, by very sharp eyes, from different parts of
the earth’s surface when the weather is unusually
clear.

“Now turn this way, and look at a faint whitish
cloud or streak across the sky. This is called the
Milky Way, and you will be very much astonished
to learn what it really is.”

“Why, what can it be, papa, but a thin cloud ?
I can see the stars through it.” ,

“That thin cloud, as it seems to be, is, in fact,
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the confused light of millions and millions of stars,
too small to be seen by the eye,although their vast
numbers cause the faint light you see.”

« How very wonderful! Can these stars be
seen through a telescope 7

“ They can. On directing the telescope to 2
small portion of the Milky Way, it has been found
that no less than 8820 stars have passed before
the eye in a quarter of an hour; and, besides this
Milky Way, there are dim and cloudy spots in the
heavens, which are also found to consist of clusters
of distant stars. Some of these, from their masty
appearance, are called nebule, the Latin word nebula
signifying a mist or cloud ; others, which come out
more brightly and distinctly under the telescope, are
called stellar clusters. The number of these groups
and cloudy spots is limited only by the imperfec-
tion of our instruments, for with every improve-
ment of the telescope, fresh nebule come mto
view. And they are of such curious and fantastic
shapes, that they may well excite curiosity. Here
is a picture of a stellar cluster or group of suns;
and also of two of the nebule, one of which is a
long flattened ring with a star at each end; the
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other, called the Dumb-bell Nebula, is like a
dumb-bell or hour-glass of bright matter, sur-
rounded by a thin hazy atmosphere.”

“ Are there any other curious shapes?” asked
Robert. -

“ Yes, some are called spiral nebule, and present
curious whirls of light; others annular nebule,
from being in rings; others double nebulce, from
being combined in pairs. There have been various
other forms described, such as globular, spindle-
shaped nebule, or irregular cloudy masses of great
extent.”

“Why, papa, there seems to be no end to the
number of the stars. If they are all suns, and
have worlds belonging to them, and if the worlds
are full of people, like our own world, what
crowds and crowds of people there must be living
now !”

“Tt is, indeed, my boy, a wonderful subject,
and one that is quite beyond our comprehension.
And think what that Divine Power must be
which created all these things, and which upholds
them every moment. DBring me your Bible when
we get home, and I will show you one out of the
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many texts in which the stars are mentioned
¢ And they that be wise shall shine as the bright-
ness of the firmament, and they that turn many.
to righteousness as the stars for ever and ever.

(Daniel xii. 3.)”




CONVERSATION I1.

THE SUN.

Lirtie Henry was an inquisitive boy, as well as a
talkative one, and his curiosity was strongly awak-
ened by what his papa had told him about the
stars. The next morning, as soon ashe was up,
he repeated what he had heard to his brother
Robert and his sister Mary, who were both
younger than himself. The little folks agreed
together, that after breakfast they would ask papa
to tell them something more about the stars. But
papa went into his study earlier than usual, and
they were obliged to wait till the middle of the
day. He no sooner came out at luncheon-time,
however, than they all gathered round him, and
begged him to.go on talking as he did to Henry
last night, and to show them the pictures of the
Great and the Little Bear, and of Cassiopeia’s
Chair, and of Pegasus, and of Andromeda.

Their papa kindly complied, and also repeated
what he had said to Henry about the fixed stars,
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and about our sun being fixed, although it appears
to our eyes to rise and set. He added, “1 hope
you will soon be able to understand how this is.
Do you remember, Mary, what it was that amused
and surprised you so much the first time you rode
in a carriage ?”

“QOh, yes, papa; the trees and the houses, and
the road itself, all looked as if they were moving
very fast. They seemed to run backwards much
* faster than we moved forwards, and yet, of course,
they were standing still all the while.”

“Of course they were. And this curious appear-
ance will teach you that we must not always believe
our own eyes. In the same way we seem to see
the sun rise and set, and we talk of his rising and
setting ; but, in reality, it is our earth that is mov-
ing, while the sun stands still.”

“But can it move without our knowing it?”
said little Robert. =« Perhaps it creeps along very
slowly indeed, and that is why we do not find it
ouf.-” Or pelhaps it moves in the night, when we
are all asleep ?”

Tt neither moves slowly, nor by night ornly,
but it keeps on moving very fast, night and day,
without making the least noise; and the reason
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why we do not feel it move is, that we all move
with it, and so does the air or atmosphere which
we breathe. Here is a picture, showing the sun
fixed in the centre, and several bodies moving
round him, one of which is the earth; but in order
to give some idea of the relative distances of these
bodies, the sun is here represented as a mere speck.
The other picture shows him on a larger scale.”
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“Then,” said Mary, “do we keep going round
and round the sun continually? I wonder it does
not make us giddy !”

“We not only keep going round the sun, but
our earth also turns completely round on itself
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every day. This we will talk of presently; but let
us first consider the sun itself. This magnificent
globe is more than mninety-five millions of miles
from the earth: he measures eight hundred and
eighty-two thousand miles across, and more than

INNER PORTION OF THE SOLAR SYSTEM, ON A LARGER SCALE.

three times as much round. Although he always
remains as nearly as possible in the same place n
the heavens, yet he has a spinning motion, turning
completely round on himself in about twenty-five
and a half days.”
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. “How strange that any one should be able to
find that out, papa!” said Hemy

“1 will tell you how it was found out. On exa-
mining the sun through a telescope, some dark or

SPOTS ON THE SUN

shaded spots were seen on his bright face ; these
spots were found to traverse the breadth of the sun
m about thirteen days, and then, after being lost
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to the sight for a time, they appeared again on the
other side, and travelled across it as before. This
orange which I hold in my hand has a dark spot
on one side, and, as I turn it round and round, you
sometimes see the spot, and sometimes lose sight
of it. The spots on the sun move in the same
manner, along with the globe itself.”

“ Tt must hurt people’s eyes very much to look
at the sun through a telescope,” said Henry. «It
made my eyes ache when I looked at it through a
piece of smoked glass.”

His father explained, that, to prevent any mis-
chief to the eyes, coloured glasses are placed in the
telescope to soften the light.

“Does any one know what the sun is made of,
or why it is so very bright ?” said Mary

“No one can fully explain the nature of the
sun, or of the light and heat which he sends forth.
We know that it was God who ‘made two great
lights, the greater light to rule the day, and the
lesser light to rule the night; He made the stars
also. (Gen. i. 16.) Thus David says, ¢the day is
thine, the night also is thine: thou hast prepared
the light and the sun.” (Ps. Ixxiv. 16.) And we
know that, in His mercy, He causes this glorious
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sun ‘to rise on the evil and on the good’ (Matt. v.
45), and by its warmth and light makes the earth
fruitful and delightful, and preserves us all in life,
There are also many wonderful things to be learned
about light and heat, which you will hear of at
some future day; but, after all, our knowledge is
Small, and we must be content, like children, to
receive many blessings from the hand of our
heavenly Father, without fully understanding their
nature or value.”

“And does the sun light up and warm the rest
of the worlds marked in the picture ?”” Henry asked.
“If he does, some of them must be hotter than
our world, and some colder, for one or two are very
near to him, and others very far off.”

“You are right. There are eight principal
worlds, or planets, as they are called, two of which
are nearer to the sun than we are, and five farther
off. There may be one or two planets nearer to
the sun than the one marked in the diagram (p- 23),
but that is not yet settled by astronomers. These
eight prineipal planets then, together with a great
number of smaller planets, called Asteroids, moving
near ‘each other, make up what is called the Solur
System.”
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Henry wished to know why these worlds are
called planets.

“The word planet,’ said his father, “means a
wanderer, and is the name given to these bodies
which are always moving in circles in the heavens.
The paths of the planets are not, however, perfect
circles, but rather incline to the oval shape. Now,
look again at the two pictures of the Solar System,
and tell me the names of the planets, the rerepre-
sented beginning with the one nearest to the sun.”

“The nearest is Mercury,—then Venus,—then
the Farth ; but is that a planet ?”

“Yes; for it is a wanderer like the rest.”

«“ Next to the Earth is Mars, then four small
planets whose paths across each other, then Jupiter,
—then Saturn,—then Uranus.”.

“Beyond these comes Neptune, but his path in
the heavens is too distant to be represented in the
engraving. Where you see the paths of four little
planets, or asteroids, crossing each other, there are
now (in 1860) known to be fifty-seven, but it is
impossible to represent them in so small a space.”

“T am afraid I shall soon forget the names of
the planets,” said Henry, ¢there are so many of
them. For besides those that have names set
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against them, there are several little ones near to
Jupiter, Saturn, and Uranus.”

“Those are mnot principal planets, but moons,
satellites, or secondary planets, to light those dlstam
bodies on their way. Our earth has one moon,
Tuplter has four moons, Saturn has eight, Dranm
six, and Neptune one moon.’

Diameter of the sun . . . . 882,000 miles.
Revolution on its Axis . . . 25 days, 8 hrs., and 9 min,
‘Distance from the earth . . . 95,293,452 miles,



CONVERSATION III.

THE PLANET MERCURY.

THE same evening, Henry, Mary, and Robert re-
minded their papa that he had promised to talk
to them about each of the planets, and accordingly
he began thus: “ We are now going to talk about
Mercury, that near (though perhaps not the near-
est) neighbour of the sun, whose path through the
heavens is so bright and glowing, that the planet is
nearly lost sight of in the sun’s rays.”

“ Can Mercury ever be seen, papa ?” said Mary.
“ Have you ever seen it ?”’

“ Mercury can be seen, and I have seen him ;
but he is a planet that can only be viewed in clear
weather, just before sunrise, or just after sunset.
He is a small planet, with a bright white light.”

“Do planets shine like stars?” said Henry.
“1 had fancied them worlds like ours, and that it
was only the sun and the fixed stars that gave
light.” '

“You are quite right-in supposing that only

¢
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the sun and the fixed stars give out light. The
brightness of the planets is not their own, but is
all gained from the sun. The sun shines upon
them, and we see them by reflection, in Ais light,
not in any light of their own. Yet even this
borrowed light is enough to make them very
brilliant objects. Yonder is Jupiter, and I am
sure you will think him a beautiful planet.”

“Do you mean that large star, papa? I was
going to show it you, and tell you that I had found
a star of the first magnitude.”

“Yes, that is Jupiter, and I hope you will soon
become so well acquainted with him as not to mis-
take him for a fixed star.”

“And will you, some day or other, show me
Mercury ?” asked little Robert. “I wish very
much to see the sun’s ¢ near neighbour.’”

“1 will endeavour to gratify you with a sight of
him ere long. This planet, like our earth, has
two movements; one round the sun, the other on
his own aws, as it is called. A carriage wheel,
you know, has two motions; it not only moves
along the road, but turns round very fast upon a
pole to which it is fastened. This pole is called
the azle or axis ; and when we speak of a planet
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or other globe moving on its own axis, we mean
that it has the same kind of motion as if it were
turning upon a pole or axis.”

“I know another thing besides a carriage wheel,”
said Henry, “that has two movements—my spin-
ning top. It moves along as it is spinning ; and at
the same time round and round as fast as possible,
except sometimes when it sleeps. Then it does
nothing but spin round upon itself, without moving
off one spot.”

“When it moves round in a circle, and at the
same time turns upon its own axis, it may remind
you of a planet; and when it sleeps, or moves only
on its axis, it may remind you of the sun, which,
you know, has a motion of that sort.”

“Oh yes. He turns round on his axis in about
twenty-five days. How long does it take Mere
cury to turn upon his axis ?’

“ About twenty-four hours and five minutes.
Now consider what the effect of this must be to
the planet. Having no light of his own, of course
1t is only the side towards the sun that is lighted
up, while the other is in darkness ; but by turning
completely round once in twenty-four hours, all
parts come into the sunshine in turn. Thus in the
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planet Mercury, as well as in our world, God has
separated the light from the darkness, and has
given the day and the night to succeed each other.”

“Now I begin to understand about day and
night,” said Mary. “I dare say our day and
night come from the same thing. I mean, that
our world turns round like Mercury, and so we
are sometimes in the sunshine, and sometimes in
the dark.”

“Just so. And our day and night are of about
the same length as his. This motion of planets
1s called the diurnal or daily motion. But there is
also the annual or yearly motion. You can tell
me what that 1s?”

“It must be the time they take in going round
the sun, I suppose, papa,” said Henry. <«As
Mercury’s days are of the same length as ours,
perhaps his years are the same t00.”

“You will not say that, if you look again at the
~ picture of the Solar System, and see how much
shorter the journey is which he has to take. He
also hurries along with tremendous speed, so that
he has performed the whole of his course, and
completed his year, in about eighty-eight days,
Our year is more than four times as long as his.”
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“ That is very droll. If I could get to visit the
people in Mercury, I dare say they would think
me twenty-eicht years old, for they would reckon
by their own years, and four times seven are
twenty-eight, you know, papa.”

“If there are any people living in that planet,
my boy, they must have very different constitn-
tions from ours, to bear the great heat and light.”

“Is it so very hot there, then ?”

“The heat and light of Mercury are about seven
times greater than those of our earth, and would
therefore be sufficient to scorch up and destroy the
productions of such a world as ours. Even in his
polar regions water would always boil.”

“] am very glad we are at such a pleasant dis-
tance from the sun, and not in such a scorching
place as Mercury,” said Mary.

“ Depend upon it, the planet is adapted to the
situation it is in, and could not do with less light
and warmth than God has bestowed upon it.
Mercury is surrounded by a thick atmosphere and
clouds, and this fact is sufficient to teach us many
things about the nature of the planet.”

“ What does it teach, papa ?” :

“ Where there are clouds there must be water
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and evaporation, and electricity : rains must fall,
and many of the natural appearances common on
our earth must take place. The clouds which
constantly surround both Mereury and Venus have
made it impossible, however, for astronomers to
find out the shape of continents and oceans on
those planets: but they have discovered mountain-
chains of great height.”

“What is the distance of Mercury from the
sun ?” asked Henry.

“The mean distance is about thirty-six millions
of miles.”

“What is the mean distance ?” asked Mary.

“Tell me your idea of the word mean 2 replied
her father.

“ It is anything shabby and paltry.”

“That 1s one meaning, but there is another,
Search for it in the dictionary.”

Mary found the other meaning, and began to
read it aloud. “ Mediate,—lying at an equal
distance between the beginning and the end.”

“That will do.- If an object is sometimes
nearer and sometimes farther off, its mean distance
is to be found between the two extremes. Thus
if we wanted to know the mean distance of an
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object which is 100 miles from us when at
its longest distance, and 50 miles from us when
at its shortest distance, we add these two numbers
together, and divide by 2, which gives 75 as the
mean distance. But in order to be more accurate,
three or four observations are sometimes taken
instead of two:—

Thus if the Jongest distance equal . . 100
the next longest equal . . . . . 99
fho ety LRI TR RO
andthe shortest Lt L s ol

We add up these numbers, and find them to be
310. Then dividing 310 by 4 (the number of the
observations), we get 774 as the mean distance.”

«Ts the planet Mercury nearer to the sun at one
time than at another ?”

« Yes, because his path is oval, and not circular :
this you will find to be the case also with the rest
of the planets.”

«Tf Mercury’s mean distance from the sun is
thirty-six millions of miles, he is not 8o very near a
neighbour, after all, though near enough to find it
very hot. What a wonderful sun it is, to send out
such a quantity of heat and light !”
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“ Mercury measures rather more than three thou-
sand miles in diameter, that is, across his breadth ;
and he moves in his orbit round the sun at the
astonishing rate of a hundred thousand miles an
hour.”

“ What is meant by his orbit, papa ?” '

“His yearly path round the sun. The path of
each of the planets is called its orbit.”

Mean distance of Mercury from the Sun 36,890,600 miles,

) igmelerigr Syl Saiiip T o © s 3,089 miles.

nmnualiRevolution’ ' ... T, L gy days, 23 hous, 15
minutes, 46 seconds.

Digrnal Revolution . | ... ", .. . 94 Lours, 5 minutes,

28 seconds.
Motion inits Orbit . . . . . . . 109,360 miles per Lour,



CONVERSATION IV.

THE PLANET VENUS.

EARLY the next morning, the children saw their
papa walking in the garden alone, and they ran
down from the nurseryto ask for the history of
another planet before breakfast. Their papa began
thus: “Next to Mercury comes Venus, the most
beautiful of all the planets, and the brightest that
can be seen from the earth. Our great poet
Milton thus speaks of her :—

¢« Fairest of stars, last in the train of night,
If better thou belong not to the dawn,
Sure pledge of day, that crown’st the smiling morn
With thy bright circlet.””

“Why does he speak of Venus as crowning
‘the smiling morn’? Does it ever shine in the
morning ?” asked Henry.

“Venus, in one part of her course is seen for
more than three hours before sunrise, and in an-
other for as long a time after sunset: this is why
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she is sometimes called the morning star, and at
other times the evening star.”

““Ah, I remember,” said Mary, ¢ that was the
beautiful star you and mamma were admiring so
much one evening. It was so bright, it looked
almost like a little moon.”

“Yes, Venus was then at her nearest point to
the earth, and her brilliancy was so great that I
am sure we might have obtained a shadow if we
had placed a piece of writing-paper to receive it,
and had held up some small object in her light.”

“Papa, why do you say ‘she’ and ¢her’ when
you are talking of Venus?” asked Robert.

“Because Venus was the name of a heathen
goddess. The people who lived in the early ages
of the world named the heavenly bodies after their
gods and goddesses. If you remember, I spoke of
Mercury as /e, and so I shall speak of several
other planets, for they are named after male
divinities.”

“But is it not very wrong to call the planets
by the names of those false gods?” said Mary.

“It would be almost impossible, and would
cause great confusion, to change the names of the
heavenly bodies. Besides, if we refused all names
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derived from the heathen, we must alter the names
of the days of the week, and many other names in
common use. Let us be thankful that, by the mercy
of God, we have a clearer light than the heathen
possessed, and can look up to One Almighty Being
as the maker and ruler of all things.”

“But what did they say about their gods and
goddesses ?” inquired little Robert.

“ Another day you will learn the history of the
heathen divinities. Our time will now be much
better spent in talking about this beautiful planet.
I told you that Mercury is a close attendant on the
sun: so also is Venus; though, from her orbit
being larger than that of Mercury, she gives us a
little more of her presence than he does of his.
But, as an evening star, she never stays with us
more than a few hours after the sun has set; or,
as a morning star, shows her face long before his |
rising.” :

“T dare say Venus looks very beautiful through
a telescope,” said Henry.

“She does; and when you see her in that
manner, you will indeed say, as Mary did, that she
is like a little moon : for her appearance changes
in the same way. When she is nearest to us she
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is in the shape of a crescent, like our new moon;
she then appears thirty times larger than when at
her greatest distance from us; as she gets farther
off, she has the appearance of our half-moon, and
at her greatest distance she looks like our moon
when nearly at the full. Mercury and Mars have
also the same appearance.”

THE ph(l."(,‘s, OR DIFFERENT APPEARANCES OF THE PIANET VENCS,

“What is the reason of that, papa ?”

“You remember that the planets have no light
of their own, but, in their journey rounc the sun,
are lighted up by his rays. Now, the planets,
being solid globes, like our earth, can only be
lightsd on that side which is turned towards the
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sun; and as they move round in their orbits, we
can sometimes see only a small part of the bright
side of the planet, sometimes half the bright side,
sometimes nearly all. But this will be much
casier to understand when we come to speak of
our own moon, in which all these appearances are
so very beautifully shown.”

Henry looked at the picture of the Solar Sys-
tem, and said, «Venus seems to be about twice as
far from the sun as Mercury is, so I suppose she
has a longer journey to take, and does not travel
quite so fast.”

“She is ahout sixty-eight millions of miles from
the sun, and if you compare that with the distance
of Mercury, you will find that she is not twice as
far.”

«Let me see. Mercury is thirty-six millions
of miles, and Venus sixty-eight. If she had been
only four millions farther off, she would have been
exactly twice as far as Mercury. But that is not
much, is it, papa ?”

«Not much, do you say? We talk very lightly
of these immense numbers, which, after all, 1t 1s
impossible for us to understand.” ;

“ But, papa, I know what a million is. It is
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ten hundred thousand, and a thousand 1S ten
hundred ; so, you see, I can understand a little
about it.”

“You can talk a little about it, my boy, but
neither you nor I can form a true idea of num-
bers when they reach to millions, But we were
speaking of the rate at which Venus moves round
the sun. She is slower than Mercury, perform-
ing her journey in about two hundred and twenty-
five days. This is, however, much faster than the
earth travels, so that eight years of Venus are
equal to five of ours.”

“I hope the people (if there are any) do not
suffer quite so much from the heat as they do in
Merecury,” said Mary.

“You persist in pitying Mercury, and 1ts sup-
posed inhabitants,” said her father, «though I
have told you that the climate and the people
must be fitted for each other. The heat and the
light of the planet Venus are supposed to be
about double that of the earth.”

“And yet she looks ag pale and mild as the
moon,” said Henry. “You could not fancy it a
hot place to be in, could you, papa? But please to
tell me whether there is anything else to be seen
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in Venus when you look through a powerful
telescope ?”

Tt is then seen that Venus is surrounded by a
thick atmosphere, in which the morning and even-
ing twilight can even be discerned. Some spots
are also visible; but no one has yet been able to
find out what they are. An astronomer, who
examined and studied this planet during nearly
ten years, assures us that there are lofty mountains
on the surface of Venus, and that the atmosphere
is fifty miles in height.” '

«T wish some one would invent a wonderful
telescope, that would show us the houses and the
people as well as the lofty mountains,” said Mary.
«Tt is so provoking not to know anything about
them, when we are all lighted up by the same
sun, and are travelling just the same kind of
journey every year. Now, if Venus should hap-
pen to go a little out of her road, and so come
nearer to our earth, how pleasant it would be to
get a peep at her as she passed by !”

«“ There is no such thing as going out of the
road among the heavenly bodies. Perfect order
and beauty belong to the works of God: there-
fore, no accident of that sort can possibly happen
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Both Mercury and Venus at certain times come
between the earth and the sun, in such a manner
as to appear like dark round spots on the sun’s
face. This is called their ¢ransit, or passing over
But, in the case of Venus, it happens very seldom.
The last time it occurred was in the year 1769,
and it will not happen again untll the 8th of
December, 1874.”

“I do not think you have told us how large
Venus is,” said Henry.

“She is nearly of the same size as our earth,
and measures in diameter about seven thousand
eight hundred miles.”

Mean Distance of Venus from the Sun 68,897,500 miles.

Diameterg it & B es Bl D IRg Bimiles,

Annual Revolution . . . . . . . 224 days, 16 hours, 49
minutes, 7 seconds.

Diurnal Revolution . . . . . . . 23 hours, 21 minutes,

22 seconds.
Motion inits Orbit « . . . ., . . 80,000 miles per hour.



CONVERSATION Y.

THE EARTII,

THY, EARTH AS A PLANET.

« At last we are come to our earth, papa,” said
Henry, the next time he found his papa disen-
gaged, “and I hope you are going to tell us a
oreat deal about it, there are so many things we
want to know.”

«T do not promise to tell you all you wish to
know, for there are many things relating to this

planet, as well as to the others which are too dif-
D
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fieult for you at present, and would only tire you
if I were to try to explain them. These are the
mere beginnings of knowledge which I am giving
you, and I leave it to your own industry and
perseverance to gain a great deal more another
day. You have heard it said that the earth is
round like an orange ?”

“Yes, papa, I have often heard so, but I
should not have guessed it from anything I can
see. There are hills, and valleys, and plains, and
it is very difficult to understand how the world
can be round.”

“A person standing on the planet Venus,” re-
plied his father, “would, no doubt, feel the same
difficulty, though we, looking at her from a dis-
tance, and through our telescopes, have no doubt
about her being a round world. If you could
mount to a great height in the sky, and still have
power to look down upon our earth, you would see
distinctly that she is round. It is the great size of
the earth as compared with our own bodies, that
makes the difficulty. DBut there is a way by which
any of us may discover that the earth is round.”

“ What is that, papa ?”

“If we go to the sea-shore and watch the
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arrival of ships, we shall find that when one first
appears in the distance, it is only the top of the
mast that we see, just peeping above the water.
As it comes nearer, we get a view of the sails and
rigging, and at last we see the hull or body of the
ship. Now, this could not be if the ocean was
quite flat.”

“Why not, papa?” said Mary; “I thought
things always looked very small at a distance, and
seemed to get larger as they came nearer.”

“So they do; therefore, if the world was not .
round, we should see the whole ship of a very



43 FIRST STEPS IN GENERAL KNOWLEDGE.

small size in the distance, and it would seem
merely to grow larger as it came near. But be-
cause the world is round, we cannot see the whole
ship until it comes up to a part of the ocean
which is level with our eyes; before that, it gra-
dually rises into sight in the way I have men-
tioned. For the same reason, when we lose sight
of an object from a ship’s deck, we see it again on
ascending the mast. The engraving will make
this clear to you.”

“Qh, papa, this seems more difficult than ever,”
said Henry; ¢for if the ocean itself is round,
as well as the other parts of the earth, why do

not all the waters fall off ?”
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«T thought you would ask that. It is indeed
a wonderful law which holds the mighty waters in
their place, as well as all the other objects on the
earth’s surface ; and while thinking of it we may
well raise up our thoughts to Him who holdeth
the waters in the hollow of his hand,” and who
‘layeth up the deep in storehouses.’ This law,
which is called the law of gravitation, I can only
attempt to explain to you by saying, that there
is a powerful attraction towards the centre of our
earth, which prevents us from falling off,” as you
call it, although the world is constantly spinning
round and round. Suppose I were to place a
set of small magnets or loadstones in the middle
of this orange, where the pips are, they would
attract any small steel objects which we might
Jay upon the orange, and keep them firm in their
places, so that they would not fall off, though we
were to spin the orange round. This will give you
a very faint and imperfect idea of the power which
keeps the oceans and rivers, the hills and ecities,
and the people of our earth, from being whirled
away into the air while the earth is turning rounc !

« How wonderful all this is! I cannotfeel that
anything draws me towards the earth. I can walk,
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and run, and jump, and I am not at all confined
to one place. What ¢s this power, papa ?”

“I cannot tell you what it is. But you see and
feel its effects every day. All falling bodies come
downwards, not go upwards. If you throw a stone,
- 1t does not fall away into the air, but is sure to
come to the ground, although the force you threw
1t with may send it along for a little while.”

“That is because it is heavy,” said Robert.

“ Certainly, for it is this very power which malkes
the stone heavy. But suppose a little boy in New
Zealand should happen to be throwing a stone at
the same time you are. New Zealand is on the
opposite side of the globe, nearly under our feet,
and 1if it were not for the power which draws
things towards the earth, how could his stone fall
to the ground? or how could he stand for a
moment 1in his present position? It is this won-
derful attraction that keeps him from falling off
into the air. The same power which prevents our
bodies from being carried off into space, also pre-
vents all other substances from leaving the earth.”

““I hope this power will always keep us in our
right places, papa,” said Mary. “It is not very
comfortable to think of being whirled round,
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with our heads sometimes upwards and sometimes
downwards.”

«You will get very different ideas on this
subject when you know more about the heavenly
bodies. You will then see that the words upwards
and downwards cannot be properly used in the
sense you have just given to them. It is indeed
desirable, as you say, that we should be kept in
our places; for that part of our earth’s surface
called the equator, which is midway between the
two poles, turns round at the rate of rather more
than a thousand miles an hour, while in Eng-
land we travel at the rate of about six hundred
and seventy miles an hour.

«How is it, papa, that different parts of the
carth travel at different rates?”

« Because the earth is spherical, and, therefore,
at the poles.or extremities of its axis, the motion
is nothing, but it oradually increases as wé approach
the equator, or that point which is farthest from
the poles. Here is a small globe with the earth’s
speed marked on the side at different latitudes.”

« And our world is really spinning round at that
rate without our knowing it !” exclaimed Henry.
« Why, papa, the journey that you took on the
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railway by the express train was like a snail’s
pace compared with this; and yet we thought
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that very wonderful at the time. It is a good
thing that the earth is so quiet in her journey,
and that she does not want any panting, screaming
engines to drive her along. But, papa, how can
we be certain that she keeps turning round

“If the earth simply moved onwards in her
orbit, (which she does at the amazing rate of
sixty-eight thousand and forty miles an hour,)
and if she went round the sun without turning on
her own axis, one side of the world only would be
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lighted up, while the other remained in darkness;
thet is to say, our day would be a year in dura-
tion. Thus, on the side towards the sun there
would never be any night, and on the side away
rom the sun there would never be any day.”

«How very unpleasant that would be!” said
Mary ; “and how much better it is for us to have
day and night! It certainly is rather a frightful
thing to be turning round so fast; but I am glad
of it, if it brings beautiful sunsets and SUNrisings,
and moonlight and starlight, which is much better
than having broad glaring sunshine all the year
round.”

« But, papa,” said the still incredulous Henry ;
«how can any one be quite sure that the earth
moves on her axis so rapidly ¥

«The apparent rising and setting of the sun,
moon, and stars cannot be explained in any other
way ; unless we suppose that'the whole firmament
moves round the earth, which would be absurd.

«T think you can tell me how long the earth
takes in turning on her axis, and also in com-
pleting her journey round the sun,—by which I
mean, how long the day is, and how long the
year is.”
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“Ob, yes, papa; the day is twenty-four hours
long, and the year is three hundred and sixty-five
days, or very nearly. But while we are taking
our journey round the sun, how far are we off from
him ?”

“Our mean distance is about ninety-five mil-
lions of miles, as I have already told you when
spealing of the sun; but we are sometimes nearer
to him than that, and sometimes farther off, This
is owing to the earth’s orbit not being round, but
oval, or elliptical as it is called by astronomers, as
are also the orbits of the other planets. A picture
(p- 56) will, perhaps, enable you to understand the
nature of the earth’s journey round the sun, and
‘the changes of the seasons produced during her
course. But you must take notice that the earth is
everywhere represented leaning towards one side.
I will show you what I mean. Let us take this
orange, and call it the earth. The top of the orange
we will call the north, the bottom we will call the
south, the right-hand side the east, the left-hand
side the west. Ask mamma for one of her knit-
ting-needles. Now, with her permission, we will
run this long needle quite through the orange,
from north to south.”
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«Oh, I see what you are going to do, papa,”
said Mary. “You are going to make the orange
spin round upon its axis, like the real earth.”

« Just so. This knitting-needle represents the
axis round which our earth is supposed to turn;
therefore, we must call this upper end of the
needle the north pole, and the lower end the
south pole.”

« But I suppose the real pole does not stick out
at each end like this needle ?” said little Robert.

¢ (ertainly not. If you remember, I told you
that there is no such thing as a ¢ real pole; but it
is convenient to speak in this way, to Lelp our
understanding of a planet’s motion. Now the
motion of the earth is mnever from north to south,
but the earth turns round from west to east, just
as I am turning this orange NOW. And you see T
do not hold the needle quite upright, but slanting ;
for that is the constant position of the earth as
she turns.”

«Tt is very odd that the earth should lean on
one side in that manner,” said Mary.

«(Qdd as it may seem, it is a very happy thing
for us, for it is this leaning of the earth that pro-
duces the changes of the seasons. If the axis of
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the earth were quite perpendicular (as I am hold-
ing the orange at this moment), we should have no
spring, summer, autumn, and winter, but all one
season, the same at every part of the year.”

“I should not like that at all,” said Henry.
“There would be nothing to look forward to.
I don’t think T could spare one of the seasons
Winter, to be sure, is not very pleasant; but
then there are the snowballs, and the sliding and
skating, and the Christmas games. So I will not
find fault with the earth for not holding hergelf
upright. But I should like to know how it is that,

THE SEASOXNS,
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by her just leaning on one side, we get our spring
and summer, and autumn and winter ?”

«T,00k, then, at the picture. The four globes all
represent our earth in different parts of her jour-
ney round the sun. Each globe has a line drawn
across the middle, from east to west, dividing the
globe into two- equal parts. The part above that
line is called the northern hemisphere; the part
below it is called the southern hemisphere, and the
word hemisphere means, as I have already told
you, half-globe. Let us make a line round our
orange in the same way, and call the upper half of
the orange the northern half-globe, or hemisphere,
and the lower half the southern half-globe, or
henvisphere,—that line which divides the globe
into two parts is called the equator.”

«Ts there such a line really marked on the
world itself?” said Robert.

«No. This line, and many others, which you
will see in maps and artificial globes, are only
drawn to help our ideas, and to express certain
appearances in the heavens.”

« Which of the hemispheres do we live in,
papa ?” asked Robert. |

«The northern ; and if you remember this, and
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look again at the picture, you will, perhaps, under-
stand a little about the changes of our seasons.
The globe at the top of the picture shows the
position of the earth about the 21st of March, or
the period of what is called our vernal equinoz.”

“I wish it was called something easier to under-
stand,” said Mary, who had a great dislike of hard
words.

“Think for a moment,” said her father, “and
you will surely recollect the meaning of the word
vernal.”

Henry did not leave his sister time to think,
but answered at once that it meant “relating to
the spring.”

“And the word equinoz is not difficult, since the
sound assists the sense. The equinox is that time
of the year when the day and the night are equal
m length., This is the case twice during the year:
the vernal equinox marks the beginning of spring,
and the autumnal equinox the beginning of
autumn. At those seasons the northern and the
southern hemispheres get about an equal share of
heat, for the sun shines full on the equator, and
is at an equal distance from both poles. After the
vernal equinox the earth proceeds on her journey,
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from east to west, and arrives about the 21st of
June at that part of her orbit shown on the left of
the picture. She is now in what is called the
swmmer solstice.”

« Another hard word I’ exclaimed Mary.

« Not when you understand it. Solstice means
sun’s stay, for the sun at that time appears to stay
for a time at his greatest distance from the equa-
tor. This happens twice in the year.”

« But, papa,” said Robert, looking at the pic-
ture, ¢ can that be summer ? The earth 1s farther
away from the sun than she was in spring.”

«True. But look at the northern hemisphere,
and see how much more it is now turned towards
the sun than it was in spring. You must remem-
ber that it is our own northern spring and summer
I am talking about. 1f we lived in the southern
hemisphere our seasons would be very different.
There is also another reason why it is summer
with us when the earth has reached this part of
her journey. The rays of the sun then fall nearly
‘0 a direct line on the part of the earth that we
live in; and therefore have much more power
than when they fall in a slanting manner. We
get much more heat from a fire by sitting in front
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of it, although much farther off, than at the side,
though nearer; and we get much more heat from
the sun when we are opposite to him than when
we receive his light sideways.”

“I understand that, papa,” said Henry; “ but
I cannot help being surprised that we are farther
off from the sun in summer than at any other part
of the year, for so it seems to be in the picture.”

“1It is so: though we are not so much farther off
as it appears in the picture. At the bottom of the
picture is the earth at that part of her orbit which
she reaches about the 23rd of September, or our
autumnal equinox. She is then in the same
position as in spring ; and the sun again shining
full upon the equator, gives equal light and heat
to both hemispheres.”

“But it is generally warmer in autumn than in
spring, is it not, papa ?” remarked Mary.

“Much warmer. And the reason is, that the
earth itself has become so much heated during
summer, that it keeps part of its warmth ; and
this, added to the heat of the sun, produces the
fine harvest weather which we often get in Sep-
tember, The earth then gradually proceeds, until
on the 21st of December she is in the position
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shown on the right of the picture, and it is then
our wenter solstice, for the sun again appears to
remain in one position for a time at his greatest
distance from the equator. The northern hemi-
sphere is, you see, turned away from the sun, and
only enjoys those slanting rays which give very
little heat. Thus, although we are much nearer
to the sun than we were in summer, we get much
less of his heat. The inhabitants of the southern
hemisphere now get their summer, so our country-
men who have emigrated to Australia are enjoy-
ing Midsummer, while we are gathering round our
Christmas fires.”

“How odd it must seem to them to have their
hot weather in December !” said Robert.

“Yes; and especially when they first arrive.
After having left summer and autumn behind them
in this country, it must appear very strange, at the
end of a two or three months’ voyage, to find a
second summer glowing upon them in that distant
land.”

“ There is one thing you have not told us about,
- papa,” said Henry ; ‘the reason why the days are
so much longer in summer than in winter.”

“1 think you will see how it is, if you look

E
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attentively at the figures of the globe in the pic-
ture. One half of each globe is lighted up at a
time ; those places which have their pole turned
towards the sun will have their days longer than
their nights; and those which lie in the opposite
hemisphere will have their nights longer than their
days. In summer, when our hemisphere is turned
towards the sun, the darkness cannot last so long
as in winter, when it is turned away from him.
See how much less shade there is in the northern
hemisphere of this globe on the left, than there is
in that of the globe on the right. In spring and
autumn the days and nights are nearly equal, as is
expressed in the word eguinor. If you remember,
also, that the inclination or leaning of the earth is
always just the same, you will see that during our
summer the north pole is never in darkness ; for,
though the earth turns round every day, there is
a small space at the top of the globe, just by the
pole, which never comes into the shade.”

“Yes, I see itis so in the picture of the earth in
summer, but in winter it seems to be always
dark.”

“ You are right ; and if you observe, it is just
the reverse- at the south pole. ~While there is
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one long day in the north, there is one long night
in the south. Near the poles, there is but one
day and one night in the year, each being six
months long.”

“What a dismal place to be in!” exclaimed
Mary. “The more I hear about other parts of the
world, the better I like our own.”

“I hope you will always feel so; I should wish
you to have a strong love of country and of home.
But you must not think a place to be dismal or
miserable because it is not like what you are ac-
customed to.” ' '

“ But how can it be anything else but dismal,
papa, to have such a long, long night ?”

“The long night is not so gloomy as you may
suppose. In those countries, ice and snow are
always on the ground, and these reflect light in a
remarkable manner. The moon and the stars
also shine with great brilliancy, and the sky is
frequently lighted up with the splendid Aurora
Borealis, or northern lights, so as to appear covered
with yellow and green and purple flames.”

“Qh, if that is the case, they are nearly as well
off as if they had the sun,” said Mary. '
~ “And so you will find it always. If a country



64 FIRST STEPS IN GENERAL KNOWLEDGE.

is deprived of important advantages which other
countries enjoy, there is sure to be something
bestowed upon it which makes up for the loss; so
that among every nation and people on earth, the
kindness and care of our all-wise Creator are fully
displayed. I have now told you as much as you
will be able to understand at present about the
earth; and as our conversation has been rather a
long one, we will leave the moon to be described
another time.”

“I have been reading some verses on the Solar
System,” said Henry, “but I do not understand
the meaning of one of the words. What is the
Sun’s gravitation 2’

“ Gravitation is the name given to that very
power which we have been talking about, and
which keeps all things in their right places. This
kind of power exists in the sun as well as in the
earth, and much more strongly, for by it he at-
tracts all the planets of the solar system, not-
withstanding the immense space between the sun
and some of the planets.”

Distance of the Earth from the Sun 95,293,452 miles.
Diameter, from Pole to Pole . . . 7,898 miles.
Diameter at the Equator . . . . 7,926 miles.
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Annual Revolution in its elliptic orbit } 365 days, 6 hours, 9 min.,
or apparent path of the sun . 102 seconds.

Annual or T?'opzcal. Revolution be- | 50r days, 5 hours, 48 min.,
tween vernal equinox and verngl 4781 soponds
(21170 R PR ;

Diurnal Revolution { 23 howrs, 56 minutes, 4

seconds.

Motion in its Orbit. . . . . 68,040 miles per hour.
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| CONVERSATION VL

THE MOOX.

TaE next ovening, the children went for a long
walk, to gather wild flowers for their mamma.
Just as they reached home, the moon was rising
above the trees, and they remembered that their
papa had promised 1o talk to them about what he
called “one of the most beautiful and interesting
objects in nature.”

When they had found him, and assured him that
it wanted yet an hour of their bedtime, he went
with them into the garden, and Mary said, “I
suppose Mercury and Venus do not want moons,
because they are so much nearer the sun than we
are ? I am glad we have a moon, for it would be
very gloomy without one.”

« But it would be still pleasanter,” said Robert,
«if our moon were always shining from one year’s
end to another. Do you know what the moon 18
made of, papa?’

«The moon is a solid globe, like the planets,
and she does not shine by any light of her own.
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All her light is gained from the sun, and is
reflected back from her surface, just as it is from
Venus and the rest of the planets.”

“I do not exactly understand, papa,” said Mary,
“how the moon and the planets can get their light
from the sun ; for they shine when the sun is gone
down, and quite out of sight.”

“ He is gone down to us, but not to them. We
are turned away from the sun, and it is our night;
but they are turned towards him, and show us
their day sides. You must look at the picture of
the solar system again, and see how small our
earth really is. You will not then fancy that when
it is dark with us, it must be dark also with the
other planets. We do not interfere with their
share of light, nor they with ours, except when it
sometimes happens that our earth comes in a
direct line between the sun and the moon, or the
moon comes in between the sun and the earth. We
then have an eclipse. But since you wish to
know what the moon is  made of, here (p. 66) is
a picture of its appearance when seen through a
powerful telescope. Hven with the naked eye,
you can see some markings on the moon’s bright
face : but through a telescope they appear much
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plainer, and seem to be hills and valleys, scattered
very thickly over the country. Some of the
valleys are thought to be three miles deep, and
they are surrounded by sharp bright ridges, which
we hardly know how to account for. The bright
spots are supposed to be the tops of lofty mountains
lighted up by the sun.”

« It must be a very hilly country,indeed, papa,”
said Henry. “Have anyrivers and seas been seen
in the moon ?”

“The more smooth and regular parts of the
moon were once thought to be covered with water,
but they are now supposed to be merely large flat
plains, and they have even been seen to he of a
bright green colour. Yet it is difficult to suppose
that the green colour is that of trees or herbage,
for it has been generally believed that there is no
water in the moon.”

“ No water, papa !” cried Henry. ¢ Then there
can be no people living there, for no one could
live without water. But how can any one possibly
tell that there is no water in the moon? There
may be a great many little brooks and rivers, too
small to be seen through the telescope.”

“Tf there were rivers and brooks, there would
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also be mists and vapours; but the moon seems to
be without these, unless an appearance witnessed
lately should prove, what its observers suppose,
a collection of vapour or fog, lying in shallow
depressions of the moon, which they call fog-seas.
"That there are no water-seas in the moon, however,
is pretty certain, and there is little or no atmo-
sphere. ~ Therefore we may naturally conclude
either that she is without inhabitants, or that the
inhabitants are altogether different from our-
selves.”

'« What a strange place I’ said Mary.:

« Persons who have studied the moon attentively
through powerful telescopes, assure us that they
can discover an extensive district of mountain
peaks and volcanoes. A table of the heights of
one thousand lunar mountains has been drawn up
by some Prussian astronomers, and from this we
learn that several of the mountains in the moon
are 23,000 feet high, equal to that of the highest
summits on the earth, although the moon’s diameter
‘< less than one-fourth that of the earth. These
mountains have been so plainly seen, that maps
have been made of them, and names given to
many of them. One very brilliant rock is called
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Pico ; some mountain ranges are called the Apen-
nines, the Caucasus, and the Alps, and the mouths
of volcanoes are also known by distinct names,
There is a remarkable class of lunar mountains
called ring-mountains, being a ring of mountain
ridges enclosing a circular space, which varies from
40 to 120 miles in diameter. There are also large
caverns, supposed to be the mouths of volcanoes,
and these are so close together as to give a very
curious appearance to the district. Such are the
wonders discovered on this side the moon ; we do
not know what the other side is like.”

“ How is that, papa ?” asked Henry. “Does not
the moon turn round, sa as for both sides to be
seen ?”

“It 1s remarkable that the moon turns round
on her own axis only once in a month. She also
performs her journey round the earth once a
month, and at the same time accompanies our
planet in her orbit round the sun.”

“Then the moon’s days are a month long,” said
Henry.

“Yes, and her annual course round the sun is
in a sort of curling line, because she has to go
round the earth, as well as to complete her own
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journey. Now, it comes to pass from these various
motions, that the same side of the moon is always
turned towards the earth. You will understand
this better when I take you to see what is called
an Orrery, where a number of globes, representing
the planets and their moons, are get in motion,
and turn on their own axes, while they travel
round a large globe fixed in the centre, represent-
ing the sun.”

«T should like to see that, very much,” said
Mary. “And still better, I should like to look
throngh one of those large telescopes, and see the
mountains in the moon. No wonder we always see
those dark parts that look something like an old
man’s face in the full moon, If the moon turned
round a little faster, we should only see them some-
times, when they happened to be turned this way.”

«Tf there are inhabitants in the moon,” said
her papa, “our own earth must be a beautiful and
wonderful object to them. It would appear to
them about sixteen times larger than the moon
appears to us; and turning round at what must
seem to them an astonishing rate, this earth
would form the most interesting sight in their
heavens.”
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“Does our earth look light or dark to them,
papa ?” asked Robert.

“It most probal )ly goes through all the same

changes that we see in the moon; only, being so
much larger, they must present a most splendid
appearance.”

“Do you mean, papa,” said Henry, “that the
earth is sometimes like a new moon, sometimes
like a half moon, and sometimes like the full moon ?”

“Ido; and a brilliant light it must cast when
at the full. If there be any people inhabiting the
other side of the moon, it must be well worth a
long journey to this side to get a peep at the earth.”

The children were pleased at,the idea of our
earth being so grand and beautiful an object; and
they agreed among themselves, that if they were
living in the moon, they would not think of re-
maining on the opposite side, even if they were
born there ; ; but would get papa and mamma to go
with them, and would pack up all their playthings,
and everything belonging to them, and travel to
the bright side of the moon.

“I never could quite understand about the
changes of the moon, papa,” said Henry, < although
you have explained them to me several times.”
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“ Here isa picture which may possibly help you ;
but the changes of the moon are best shown by an
orrery. All the small globes represent the moon
in different positions, and under different appear-
ances or phases; and the globe in the centre 18

PIASES OF TIE MOON,

the earth. The globes of the inner circle show how
much of the moon is lighted up by the sun, and
those of the outer circle show the appearances of
the moon to us, at different times in the month.
Suppose the moon to be at that part of the circle

"
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nearest to the sun, the bright side is then com-
pletely turned away from the earth, so that we
do not see her at all. This is new moon, and is
shown by the black globe nearest the sun. But
let her advance in her journey, and in about three
days and a half a small part of her bright side
comes into view. One half of the moon is still
lighted up by the sun ; but as we see only a little
of it, the moon appears to us as a crescent, as
shown in the picture. The two points of the
crescent are called the moon’s orns or cusps.
When she has performed the first quarter of her
journey, we see one-half of her bright side ; and
when she has travelled a little farther, nearly the
whole of her bright side is seen from the earth ;
she is then said to be gibbous, which means, that
she curves outwards. In three days and a half
more she has her bright side turned full towards
us, and is then our full moon.”

“Ab, that is the pleasantest part of the month,
papa,” said Mary. I wish it lasted a little longer.”

“ Although we call the moon full at that time
there is a very small part of its bright side which
1s lost to us, because it is always a little above
or a little below the straight line joining the earth
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and the sun. If it came exactly in a line, there
would be an eclipse, as I shall presently explain
to you.”

“And yet the moon looks quite round, papa,
when it is at the full,” remarked Henry.

“The part we lose is so small, that it leaves the
moon very nearly a perfect circle; yet there is
always a very slender crescent lost to us, either on
the upper or lower part of the moon, according as
she is above or below the line I have mentioned.
Soon after the moon has attained the full, she
begins to wane, that is, to become less bright and
apparently smaller. She then gradually comes
into those positions shown in the picture, and has
nearly the same appearances as when she was on
the increase. She soon reaches her last quarter,
as it is called, and shortly afterwards her appear-
ance is again that of a faint crescent of light.
Soon after this she becomes invisible, and is once
more called New Moon.”

“Then it seems, papa, that the moon is really
always full, only we cannot see her bright side at
all times,” said Henry.

“(Certainly. By day as well as by nlght and

from one year’s end to another, the sun lights up
F
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the moon and all the planets. If it were not for
the bright light of the sun, we should see all the
heavenly bodies in the daytime as well as by
night ; and, notwithstanding the brightness of the
sun, the moon sometimes manages to show her
face by day.”

“Oh yes, papa,” said Mary ; I saw the moon
one day at twelve o’clock, but I could scarcely be-
lieve it was the moon, she looked so pale and dull.
It was so odd to see her when the sun was shining.”

“Do you think you now understand better the
reason of the changes of the moon ?”

«T think I do, papa,” said Henry. “This
picture has made it much easier to me.”

« How far is the moon from us, papa ?” inquired
Mary.

“The mean distance is about two hundred and
forty thousand miles. But her orbit is oval as well
as that of the other heavenly bodies ; so that she is
sometimes several thousand miles nearer to us, and
sometimes several thousand miles farther off.”

Henry now reminded his papa that he had said
he would tell them something about eclipses.

«T did,” answered his father; “and here is a
picture (page 80) which will teach you better than
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words. It represents two kinds of solar eclipse,
which means, eclipse of the sun. The white globes
represent the sun, and those partly in shadow the
earth. The small globes are intended for the
moon, coming in an exact line between the sun and
the earth. Now, if the moon were not there, the
sun would shine full upon the earth ; but the moon
coming between, casts a shadow on the earth, and
causes the sun to be partly or entirely hidden from
the people that are beneath it, according as the
shadow is lighter or deeper.”

¢« What is the reason that the shadow cast by the
moon is s» much darker in the middle than at the
sides?” asked Henry, as he looked at the picture.

“The shadow in the middle covers a space which
is entirely without the sun’s light, and where the
eclipse is, therefore, total ; but the shadow at the
sides falls on the space where part of the sun can
be seen, and where the eclipse is, therefore, only
partial. A total eclipse can only take place when
the moon is at her nearest to us, and when the sun
is farthest off.” (Fig. 1, page 80.)

« T dare say,” said Mary, “that is the kind of
eclipse old Mary Jones talks about, which she saw
a great many years ago, and was so frightened at.”
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“«A total eclipse,” said her father, “Is often
viewed with terror and superstition by those who
are ignorant of its cause. In ancient times the sun
and the moon were regarded as deities, and were
worshipped under the names of Sol and Luna.
When an eclipse of either of these bodies happened,
the poor idolaters supposed their god to be angry,
and hastened to offer sacrifices and prayers.”

« And what did they think when the eclipse was
over ?” said Robert.

« They rejoiced in the thought that their god
had heard their prayers, and accepted their sacri-
fices, and was again showing them the light of his
or her countenance, for Sol was a male divinity,
and Luna a female.”

«Poor things!” exclaimed Mary, ““how sad for
them to worship the sun and moon, which could
not hear their prayers, nor do them good or harm,
except as God chose !”

«Very sad, indeed. But even in this Christian
country a total eclipse is apt to terrify ignorant
persons, and make them suppose that something
awful is going to happen to the nation. There is
another sort of solar eclipse, in which the dark
shadow of the moon does not reach the earth at
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all, and the eclipse is therefore not complete.
Fig. 2, in the picture (p. 80) represents it. In
this case the moon is at her greatest distance from
us, while the sun is at his least distance from us:
the dark shadow of the moon, therefore, falls short
of our earth; but persons standing immediately
on the spot where the shadow would have fallen
had it been a little longer, see the dark body of
the moon nearly covering the sun’s face. I say
nearly, because a ring of the sun’s light is left all
round the dark moon. In a total eclipse, the
moon being near to us, appears larger than the
sun, and completely covers him ; but in this kind
of eclipse the moon being farther off, looks
less, and does not entirely cover the sun. This
second kind of eclipse is called an annular
eclipse.”

“Why is it called that, papa ?” inquired Henry.

“Tt is called annular because of the ring of light
round the moon, annulus being the Latin for ring.
In both kinds of eclipse a curious appearance has
been noticed just at the moment when the moon
has nearly covered the sun, leaving only a crescent
of light. It is like a string of brilliant beads
(some have compared it to a diamond necklace),
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and as it was first observed by Mr. Francis Baily,
the astronomer, the appearance is called Baily's
beads.”

ANNULAR ECLIPSE—BAILY'S BEADS,

« (), do tell us, papa, about the moon’s diamond
necklace.”

«The appearance is caused by the mountains
and valleys of the moon, which give it an irregular
edge. When the light of the sun shines through
the valleys between the black mountain-peaks, the
bright spots appear like beads. This effect is only
to be seen through a good telescope, which also
reveals another strange appearance. = During a
total eclipse, red flames, or red mountains as they
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are called, appear to issue from the edge of the
moon ; but these seem to belong to the sun, and
not to the moon.”

TOTAL ECLIPSE—RED FLAMIS,

‘““ What are they ?”

“ That has not been ascertained ; but they are
supposed to consist of gaseous, not solid matter.”

“Are there any other eclipses besides these
two ?” asked Mary.

“Yes, there is a lunar eclipse, or eclipse of the
moon. This is caused by the earth coming in a
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line between the sun and the moon, as shown in
this picture, where you see the moon as a small
dark globe in the earth’s shadow. The shadow of
the earth is very long and dark, and reaches far

LUNAR ECLIPSE,

beyond the moon, causing the eclipse to be very
complete when the three bodies are in a line, or
nearly so. But when the moon is not entirely
within the dark shadow, only a part of her surface
is eclipsed.”

«That was the sort of eclipse I stayed up late
to see, one night,” said Henry. * First, a kind of
mist came over part of the moon, and then came a
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blackness, that seemed to blot out a large piece of
the moon’s face.”

“ The mist you speak of was that lighter shadow
you were asking about just now, and the blackness
~was the deep shadow where no rays of the sun
can penetrate at all. These two kinds of shadow
are called the umbra and the penumbra ; the first
of which means a shadow, the second a partial
shadow.” (P. 85.)

“Eclipses are very beautiful,” said Henry ; «1
wish they happened oftener. Is there one every
year, papa P’

“There are generally about four every year;
two of the sun and two of the moon. There
cannot be less than two, or more than seven.”

Henry was very much astonished to hear that
there were so many eclipses; and inquired how it
was that we did not see them oftener. His papa
explained to him that an eclipse may happen many
times without being visible in the part of the world
we live in: and that even when it does happen in
our part of the world, the weather may be cloudy,
so as to prevent our seeing it.

“There is another subject,” continued his father,
“that T must say a few words about, in connection
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with the moon. Do you remember when we were
by the sea-side last summer, how pleased you all
were to watch the rising tide ?”

“QOh yes, papa,” said Mary. “We went down
to the beach to see it come in every day.”

“ At what time of the day ?” said her father.

“ At different times, papa,”.answered Mary;
“for the tide did not come in at the same hour
every day, but later and later.”

« Just so. The rising of the waters is caused
chiefly by the attraction of the moon; and as
the moon comes to the south of us every day
later than on the day before, so the high tide
at any place is later every day in the same
proportion.”

“And is the moon really able to lift up the
waves of the sea, papa?”’ said Henry.

“She helps to do so,” said his father. “The
Great Ruler of the universe has given the moon a
certain influence over our earth, and it is beauti-
fully shown in this regular movement of the waters
of the ocean. The sun also attracts the waters of
the earth, but much less powerfully, on account of
his great distance from us. When the sun, the
moon, and the earth are in a line, which happens
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waters rise up on both sides the globe? It surely
must be a mistake of the person who drew the
picture ; for if the sun and the moon drew up the
waters on one side, that would make them sink on
the other side.”

“You would naturally think so,” replied his
father, “but such is not the case. The artist has
made no mistake, for it is always high tide at two
opposite parts of the globe at the same time;
so that, as the earth turns on her axis, we get
two high tides and two low tides every day. It is
not easy to explain to you how this is, but I may
tell you thus far: the attraction of the sun and of
the moon not only lifts up the waters on the side
nearest to them, but acts strongly on the centre of
the earth itself, so as actually to draw the earth
away from the waters on the opposite side, and
leave them elevated nearly as much as the others.
Thus the high tides, on the side near the moon,
are produced by the drawing away of the waters
from the earth, and those on the opposite side, by
the drawing away of the earth from the waters.”

Mean Distance of the Moon from the Barth . 240,000 miles.
IDiamaefent eaat:, st ra o LSRR S OB I53 il st
Monthly Revolution . . . . . . . . . about27% days
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THE PLANET MARS.

TuE children had so much to say to their papa
about the earth and the moon, that they had
- almost forgotten that there were other planets to

be described. They were reminded of it the next
evening by his showing them the following picture,

APPEARANCES OF THE PLANET MARS.

which rvepresents the different appearances of the
planet Mars.
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“Next to the earth, in the Solar System,” said
their father, “comes Mars, a red-looking planet,
easily distinguished from the others. He travels
round his orbit unattended by any moon, although,
being farther from the sun than we are, we should
have expected him to be accompanied by two or
three moons.”

“How very dark the nights must be!” said
Mary. “I hope the people in Mars know how
to light up their streets and houses well, or it

must be very gloonry.”

“How do you know, Mary,” said her elder
brother, «that they have not the Northern Lights,
or some such beautiful thing in their sky, to serve
mnstead of the moon ?”

“Ah! I forgot that,” said the little girl; “but
whatever light they may have it must be rather
cold there, at the distance they are from the sun.”

“You are right, Mary,” said her father. ¢ Mars
is supposed to enjoy only half the light and heat
which we get. And there is every reason to
believe that its poles are covered with snow ; for
the planet, when seen through a good telescope,
has the appearance of the smallest globe in the
picture. There are white patches at the two
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poles, and these become fainter when long exposed
to the sun, and brighter again when turned away
from him.”

“Why is that globe made so small, and the
others so large, in the picture, papa ?” said Mary.

“To show that Mars appears of different sizes,
according as he is nearer or farther away from the
earth. This planet can never come between the
earth and the sun, as Venus and Mercury do,
because its orbit is outside that of the earth.”

“Then there can never be a transit of Mars,”
said Henry, who remembered what his papa had
said about the transit of Venus,

“No; nor can Mars ever appear crescent-
shaped like the new moon ; but he sometimes has
only three parts of his bright surface towards us,
as you see in the third globe in the picture.”

“And what do those dark marks mean in the
fourth globe ?” said Mary.

“They are supposed to be the shadows of
mountains; but the existence of continents and
oceans has also been clearly made out in Mars.
By such means we know that Mars has a motion
on its own axis of about twenty-four hours and
thirty-nine minutes.”

G
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“How can the mountains and continents tell us
that ?” said Robert.

“I can explain it,” said Henry ; “for papa told
me about the spots in the sun, and how they show
that the sun turns round. Took at this ball of
mine, Robert. You see I am making some lines
upon one side of it, something like the mountains
in Mars. Well, if T turn the ball gently round,
the mountains go out of sight; but if I keep on
turning, they come into sight again. I dare say
if people reckon up the time the mountains take
to go away and come back to the same place again,
they know how long Mars is in turning quite round.
Is not that it, papa?”

“ Quite right,” said his father. ¢ In this way
we find that the length of the day in Mars is
rather greater than with us. The years are much
longer than ours; for Mars revolves round the sun
in 686 of our days. His distance from the sun is
about 143,000,000 of miles.”

“You called him a red-looking planet, papa,”
said Mary. “What is the reason of his being so ?”

“Something peculiar in his atmosphere most
probably causes this appearance. This planet is
only about one-fifth of the size of our earth.”
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Distance of Mars from the Sun 143,000,000 miles.

DIaAmeEter - ..l co b it i 489 miles;

Annual Revolution. . . . . 686 days.

Diurnal Revolution . . . . 24 hours, 39 minutes, 22 see.
Motion in its Orbit. . . . . 53,000 miles per hour.

THE ASTEROIDS.

“As you have not been long in telling us about
Mars, papa,” said Henry, “will you let us know
something about the little planets that come next
to him ?”

“ Certainly. These small planets were called
Asteroids, because they had the appearance of
stars, but it has been suggested that Planetoids
would be a much more appropriate name, since
they have the regular motion in their orbits of
the larger planets. They have all been discovered
since the commencement of the present century,
and most of them since the year 1845. The
names of the Asteroids longest known to us are,
Vesta, Ceres, Pallas, and Juno, while the newly-
discovered ones are named, as you will find them
in this list. (See page 99.) The orbits of the
Asteroids are all near each other, and about mid-
way between the orbits of Mars and Jupiter.”
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“Will you show us these planets, papa?” said
Mary. ‘It is a fine clear evening, and I dare say
we shall be able to find them if you will tell us
where to look.”

“You cannot see them at all with the naked
eye,” said her father; “and even with a telescope
you would not discover them, unless you had an
instrument of high power.”

“I am very sorry for that,” said Henry. «1
thought they would make such a pretty cluster of
stars to look at.” ‘

Henry was here told that these planets do not
form a cluster, nor move round the sun quite at the
same rate; so that they are often at a distance
from each other.

Mary wished to know the size of each little
planet, and the length of its day and year; but
her father told her that the length of the day
could not be ascertained, and that the size of each
planet was a matter of uncertainty, on account of
its distance, and the impossibility of observing these
planets fully. ¢ Their years,” he said, “are about
four times as long as ours, on account of the larger
orbit in which they travel ; and as to their size,
many astronomers are of opinion that the largest
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does not measure more than two hundred miles
across, and that the smallest is not seventy
miles across.”

« What pretty little worlds they must be!” said
Mary. “Do you think, papa, that there are any
people living in them ?”

«Tt is not impossible but that these little planets
are inhabited,” said her father ; “and if so, it may
be in the power of the people to change their posi-
tion according to the season, and so, if’ it please
them, to live in a perpetual summer.”

«How very convenient,” said Henry, “to be
able to avoid all the rough weather! And then,
papa,” added he, eagerly, “how pleasant it must
be, if they find it too hot on one side, to go to the
other and have a slide on the ice! Oh, how I
should like it !”

«“Seventy or eighty miles would be rather too
far to go for a slide,” said his father. * And if the
people are as small in proportion as their planets,
such a journey may be as formidable to them as a
voyage to New Zealand would be to you. Besides,
we must not take it for granted that they iave any
ice. They may have so rapid a daily motion as to
prevent extreme cold, and at any rate, they may
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not have the same means of moving from place to
place that we enjoy.”

“No; they certainly cannot have railroads in
those little worlds,” said Mary.

Henry and Robert laughed at the idea of a rail-
road in Pallas, or Vesta, or Juno, and thought that
there need be only one terminus for a whole world
of their size, as a train leaving the principal town
might go round the world and come to the same
spot again in a few hours.. Mary wished to know
whether any one had been able to discover seas or
rivers in these little planets, or whether, like our
moon, they seem to be without water. She was
told that nothing is known of the surface of these
planets, but that Pallas is said to have a very
hazy and extensive atmosphere, giving her a ruddy
appearance. '

“Itisvery odd,” said Henry, “that these planets
should be so much smaller than all the rest.”

“It is remarkable,” said his father; “and as
they come just in that part of the solar system
where we might have expected to find a planet
of similar size to the rest, some persons have
imagined that these small planets, whose orbits are
so close to each other, are only the fragments of
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some larger planet which once occupied then
place in the heavens.”

The children cried out with surprise at this
strange notion, and hoped it was not the true one;
for they thought if one of the planets had already
been broken into small pieces, our own turn might
come next, and this beautiful world be split asunder,
and made into smaller planets. Their papa quieted
their fears, by reminding them that we are in the
hands of the same Almighty Being who created
all these things, who sent forth the planets in
their appointed orbits, and who sustains the whole
universe in its wonderful order and beauty; and
that by the revelation He has mercifully bestowed
upon us, we are encouraged to trust Him as a
gracious and compassionate Friend.

LIST OF THE ASTEROIDS.

Names. Dates of Discovery. Names. Dates of Discover .
1. Ceres. : ; 1801 9. Metis A ! 1848
2. Pallas : s 1802 | 10. Hygeia . . ; 1849
3. Juno . b : 1804 | 11. Parthenope ] 1850
4. Vesta. 3 & 1807 | 12. Victoria . ¢ 1850
5. Astrea . 3 1845 | 13. Egeria ; g 1850
6. Hebe . : s 1847 | 14, Irene . : ; 1851
o TREAS : ‘ 1847 | 15. Eunomia . : 1851
8. Flora . : : 1847 | 16. Psyche : : 1852
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LIST OF THE ASTEROIDS.—continued.

Names. Dates of Discovery. Names. Dates of Discovery.
17. Thetis g 5 1852 | 44. Nysa 3 5 1857
18. Melpomene 5 1852 | 45. Eugenia . : 1857
19. Fortuna . ; 1852 | 46. Hestia 4 5 1857
20. Massilia . i 1852 | 47. Melete £ i 1857
21. Lutetia . ‘ 1852 | 48. Aglaia ; : 1857
22. Calliope . : 1852 | 49. Doris . : ; 1857
23. Thalia : . 1852 | 50. Pales. . : 1857
24. Themis . k 1853 | 51. Virginia . : 1857
25. Phocea : . 1853 | 52. Nemausa . ; 1858
26. Proserpine . 3 1853 | 53. Europa . ; 1858
27. Euterpe . A 1853 | 54. Calypso . 3 1858
28. Amphitrite 5 1854 | 55. Alexandra . : 1858
29. Bellona . ; 1854 | 56. Pandora . ; 1858
30. Urania : : 1854 | 57. Mnemosyne : 1859
31. Euphrosyne g 1854 | 58. Concordia . ; 1860
32. Pomona . 3 1854 | 59. Danaé g 5 1860
33. Polyhymnia . 1854 | 60.°? ol R C15]0)
34. Circe . : . 1855 | 61. Erato. 2 4 1860
35. Leucothea . . 1855 | 62. Titania : ; 1860
56. Fides. 4 A 1855 | 63. Ausonia, . : 1861
37. Atalanta . ; 1855 | 64. Angelina . - 1861
38. Leda . 3 5 1856 | 65. Maximiliana : 1861
39. Leetitia ; 3 1856 | 66. Maia : : 1861
4(). Harmonia, . " 1856 | 67. Asia . 5 5 1861
41. Daphne . : 1856 | 68. Hesperia .. ; 1861
42, Isis . ! . 1856 | 69. Leto. . : : 1891
43. Ariadne . . 5 1857 | 70. Panopea . . 5 1861

Since this date several others have been discovered.



CONVERSATION VIIL

THE PLANET JUPITER.

As soon as the planet Jupiter became visible in
the heavens, it was pointed out to the children as
the largest and brightest in the solar system, to
which no other planet could be compared, except
Venus, who is as brilliant as Jupiter when at her
nearest to the earth. They were astonished to
hear that Jupiter takes nearly twelve of our years
to perform his journey round the sun, and that he
is about thirteen hundred times larger than the
earth.

“What a splendid planet!” said Henry. I
hope I shall see him through a powerful telescope
some time or other. If Venus looks so beautiful
through a telescope, I dare say Jupiter does also.”

« Jupiter is even a more interesting object than
Venus,” said his papa. “He does not, indeed,
appear in different phases, as Venus does, because
his orbit is exterior, or outside, that of the earth ;
but when viewed through a telescope, his appear-
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ance is that of a brilliant globe, very much flat-
tened at the poles, and having its disc crossed by
several dark streaks. called belts or zones, as repre-
sented in this picture.”

DIFFERENT APPEARANCES OF THIIE BELTS CF JUPITER.

“ What are those belts, papa ?” asked Mary.

¢« From the changes in their appearance, at dif-
ferent times, they are supposed to be spaces in
the cloudy atmosphere which surrounds the planet.
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The clouds are bright, and reflect light strongly ;
the spaces are dark, and allow glimpses of the body
of the planet to be seen. Sometimes there are
only two or three of these belts, at other times
there are seven or eight ; sometimes they continue
unchanged for two or three months, at other times
they alter their appearance in the course of an
hour. They appear, indeed, rather to be thinner
streams of cloud than empty spaces, for they have
a constant motion from east to west. But the
prettiest sight connected with this planet is the
revolution of his four little moons, which can be
distinctly seen by means of the telescope.”

« Four moons!” said Robert. “How pleasant
the evening must be in Jupiter, with such plenty
of light!”

« Jupiter must greatly need the light of these
moons,” said his papa, “for his distance from the
sun causes him to have only one twenty-fifth of
the light which we enjoy.”

« And is it very cold there, too, papa?” asked
Mary.

« It is probable that the cold in Jupiter is not
very severe.” :

«T cannot think how that can be, papa,” said
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Henry, “unless the moons give heat as well as
light.”

“ No,” said his papa, “Jupiter’s moons have no
more power to warm that planet than our moon
has to warm this earth. But Jupiter himself
wheels round upon his axis at the astonishing
rate of about twenty-six thousand miles an hour,
which is more than twenty-five times faster than
our earth at the equator. This rapid motion
causes Jupiter’s days to be scarcely ten hours long,
and brings the greater part of the planet quickly
under the influence of the sun. But there is
another remarkable. circumstance which affects
the climate of this planet. You remember when
we were talking about the earth, I explained to
you how it is that the changes of the seasons are
produced.”

“OL, yes, papa,” said Henry, “they are all
caused by the earth leaning on one side, and not
carrying herself upright.”

“ And what did I tell you would happen, if the
earth did ¢ carry herself upright,’ as you call it ?”

“Then there would be only one kind of season,
and the days and nights would always be of the
same length.”
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«Right. Now this is just what happens in the
planet Jupiter. The axis of Jupiter does not in-
cline like that of the earth, but is quite upright as
he pursues his journey. Therefore he is not sub-
ject to the changes of season that we experience ;
his days and nights are equal ; and supposing him
to have a very dense atmosphere, the heat may be
nearly equal to that of our earth.”

Mary wished to know whether Jupiter’s four
moons were near together, and all gave their light
at once, or whether they shone on different sides
of the planet. She was told that they all revolve
round the planet very quickly, but each at a dif-
ferent rate ; the first performing its journey in one
day and eighteen hours; the second i three days,
thirteen hours; the third in seven days, three
hours; the fourth in sixteen days, sixteen hours.

« How fast they must go!” said Henry. “Not
one of them is so long on the road as our moon,
although they have such an enormous planet to
travel round. Are they near to him, or at a great
distance ?”’

«The nearest is twenty thousand miles farther
from Jupiter than our moon is from us, and the
other three are at greatly increasing distances.”
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“And how large are they, papa ?” asked Roberrt.

“They are about the size of our earth ; some
being a little larger, some a little smaller.”

Mary was quite surprised to hear that they
‘were so large; for, owing to her papa having
called them “little moons,” she had fancied them
smaller than the moon which lights our world,
He told her that they are small compared with
Jupiter himself, though large compared with our
moon. He also mentioned that these four moons
were the first discovery ever made with the tele-
scope. Gralileo, who invented the telescope, having
‘made a very rude kind of instrument with & couple
of lenses and an organ-pipe, turned it towards
Jupiter, and saw a small star near that planet.
At different times afterwards he discovered three
other stars, and found that they all revolved round
the planet, sometimes coming in front of his bright
face, then travelling to one side, and afterwards
passing round behind him, and appearing again on
the opposite side.

“ How delighted he must have been to find that
out!” said Henry; “and what a good thing for us,
and for every one, that he discovered the way to
malke a telescope! Were not the people very glad
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about it, and did not they crowd round him to
look through the wonderful instrument P

«“No doubt there were many that rejoiced with
Galileo at his noble discovery; but you will be
surprised to hear that there were others who
thought him a wicked and artful man, a dealer in
magic. He maintained the doctrine that the earth
moved round the sun, instead of the sun moving
romnd the earth, and for these and his astronomical
discoveries, those persons imprisoned him, and
dealt very harshly with him, thus showing their
own ignorance, and leaving the name of Galileo to
be a remarkable instance of suffering in the cause
of science.”

«Poor Galileo!” said Henry, 1 am very sorry
for him, and I shall always think of him when I
look at Jupiter. Galileo little thought what trouble
it would bring him when he contrived his telescope,
and first turned it towards that planet.”

« And he little thought also of the vast mmport-
ance of his discovery. Could he have foreseen
the wonderful things which would be revealed by
means of the telescope, and the great increase of
knowledge 1t would bring to the world, I have no
doubt he would have been so transported with joy

.
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as to think very lightly of his own sufferings, and
even to consider them an honour.”

“How long ago was this discovery made ?” said
Henry.

“It was made in the year 1609, at Venice,”
replied his father. “ Since that time, the telescope
has been greatly improved, and a world of wonders
revealed to us by its means. With a good tele-
scope, we can even discern the eclipses of J upiter’s
moons, notwithstanding the immense distance which
separates us from that planet.”

“Oh! do tell us about Jupiter’s eclipses, papa,”
said Robert.

“ Bclipses are very numerous in that planet.
The orbits of three of Jupiter's moons correspond
so nearly with the orbit of J upiter himself, that
every time either of these moons is new, or comes
between Jupiter and the Sun, there is an eclipse
of the Sun to the Jovians, or inhabitants of J upiter
(if there are any) ; and this we are able to discover
in the form of a faint shadow passing over the face
of the planet, as the moon comes between him and
the Sun. But the eclipses we can see best are
those of the four moons themselves; which are very
often passing into the shadow of J upiter, behind



THE PLANET JUPITER. 109

the body of the planet, and thus becoming eclipsed.
It is a most interesting sight to watch the move-
ments of these moons, which sometimes appear in
a straight line on one side of the planet, while at
other times, some of them are on one side, and some
on the other. By watching them for a few hours,
you may see them change their positions ; and after
a while, one or the other will pass into the shadow
of the planet and become eclipsed.”

« And when the moons pass over the face of
Jupiter, can we see them still ?” inquired Henry.

«Not always: for they are bright like the
planet, and can seldom be distinguished ; but in
passing before him they sometimes cast shadows
on his face, which can be distinctly seen by
means of good telescopes, looking like small
round ink-spots. These moons must form an n-
teresting sight to the inhabitants of Jupiter, for
they are sometimes in view three at a time, and all
exhibiting different phases.”

« Do the moons turn round on themselves, papa,”
said Mary, “as well as travel round Jupiter ?”

«Certainly. And it is curious that, like our
moon, they turn on their axis only once in the time
that they revolve round their primary planet. I
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have nothing more to tell you about Jupiter, except
that, like Venus, he sometimes appears as a bril-
liant morning star.”

Distance of Jupiter from the Sun 489,000,000 miles..

Equatorial diameter . . . . . 92,080 miles.

Polar diameter. . . . . . . 85,210 miles.

Mean diameter . . . . . . 88645 miies.

Annual Revolution . . . . . 4,332 days, 14 hours.
Diurnal Revolution . . . . . 9 hours, 55 min., 26 seconds.

Motion in its Orbit . . . . . 21,880 miles per hour.



CONVERSATION IX.

THE PLANET SATURN.

THE children were full of curiosity about Saturn,
the next planet in the solar system, for they had
seen a picture representing him surrounded by a
large flat ring, and they could not imagine what
this ring could be made of, or what was the use
of it. When their papa was at leisure to attend
to their questions, they began to ask him many
things about Saturn.

5 Untll the year 1781,” he replied, “Saturn
was supposed to be the most distant of all the
planets, being about nine hundred millions of
miles from the sun. The planets Uranus and
Neptune had not then been discovered ; therefore
poets and other writers spoke of Saturn as the
boundary of the solar system.”

“I suppose Saturn gets very little light and
heat from the sun, papa?” said Mary.

“Only one-ecightieth part of what we enjoy ; but
there is a provision made for lighting him in his
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distant journey. He is attended by eight moons,
and is also surrounded by a most remarkable ring.”

“ And does the ring give light to the planet ?”
inquired Henry.

“No doubt it does,” answered his papa. “It
gives to the planet the borrowed light which it
receives itself from the sun.”

“But what is the ring made of, papa?”’ said
Robert.

“That I cannot tell you. Itsappearance changes
so much, that persons observing it at different
times have given very different accounts of it. It
appears to be a solid body, for it casts a shadow
on the planet, and according to the position we see
it in, it is either like a mere line across the body
of the planet, or like an oval ring. Sometimes it
is scarcely visible at all.”

«T wonder whether it is fastened to the planet
in any way,” said Mary ; “if not, I cannot think
how it is that it stays in the right place. You
would think that Saturn, as he went round, would
slip out of his ring, and leave it far behind.”

 The ring is so far from touching the planet,
or being fastened to it,” replied her father, that
its inner edge is more than nineteen thousand
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miles away from Saturn. And as to getting out
of its place, you must know that this ring has a
rapid motion of its own, by which it revolves
round Saturn in about ten hours and a half. The
force with which it revolves keeps it at an equal
distance from the planet, and the attraction of the
planet prevents it from being left behind.”

The children wondered more and more what
this ring could be, and looked at the picture with
great curiosity. They inquired the size of Saturn,
and found that it was nearly a thousand times
larger than our earth.

“Oh, what a tremendous ring,” cried Henry,
“t0 go round such aworld, and yet not anywhere
come nearer to it than nineteen thousand miles!”

« Tt is indeed of enormous size,” said his father.
“At its outer edge it measures 176,418 miles
across, and about three times as much round.
Sir William Herschel, who examined this ring
carefully, with a very fine telescope, found that
what we call the ring is in fact two rings, one
within the other, with a dark space between them,
and he also observed that these rings reflect a
stronger light than the body of the planet itself
does.” |
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“Then I dare say they give Saturn as much
light as many moons,” said Henry. * What can
he want with eight moons besides the ring? I
should think he might very well spare one or two
for poor Mars, who journeys along in the dark.”

Robert laughed outright at the idea of Saturn
having more moons than he could tell what to do
with, and lending one or two to his brother
planet ; but Mary gravely repeated what her papa
had said about everything being right as God
had made it.

.«You need not look so grave, Mary,” said
Henry, “for I was only joking. 1 dare say it
is all right for Saturn to have a ring and eight
moons, and Mars to have none; but I cannot tell
why there should be such a difference between
then.” |

«Tt would be very strange if you could,” said
his father. «If you were a wise and learned man,
instead of a little boy, you would still feel that
there are a vast number of things you could not
explain or understand.”

“Do you not think, papa,” said Mary, ¢that
Saturn’s ring must look very beautiful to the
people that are, perhaps, living there ?”
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“No doubt it does. It must appear to them
as a bright and splendid arch in their sky, and,
together with the moons, must indeed form a
brilliant spectacle.” )

“Does Saturn move as swiftly as Jupiter,
papa ?” said Henry.

“Not quite,” replied his father: ¢nor is he so
large a planet. But his motion is very rapid; for
he turns on his own axis in about ten hours and a
quarter, and he moves round the sun at the rate
of twenty-one thousand miles an hour. Yet so
vast is his orbit, that he takes nearly thirty of our
years in completing one revolution round the sun.”

“Thirty years!” exclaimed Mary. “Then
Saturn has been all mamma’s lifetime in going
once round the sun, and has only just finished his
journey.”

“And all these thirty years has Saturn only
had one kind of season, as you explained to us
about Jupiter ?” asked Henry.

“Quite the reverse,” said his father. * Saturn’s
inclination, or leaning, is much greater than that
of the earth, and consequently there is a greater
change of seasons, but they are very slow in coming
round.”
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The childven inquired whether 1t would be
possible for them to see Saturn’s ring, and they
were told that it would not, except with a good
telescope ; although the planet, if- above the hori-
zon, may always be seen with the naked eye by
those who know exactly where to look for him.
To see all eight of the moons would require a

telescope of high power.

Distance of Saturn from the Sun 896,000,000 miles.

Miameler e 79,160 miles.

Annual Revolution . . . . - 29 years, 9 months, 24 days
Diurnal Revolution . . . . - 10 hours, 29 minutes.
Motion in its‘Orbit . . . . . 21,000 miles per hour.

SATURN’S RINGS.

Exterior Diameter of Outer Ring 176,418 miles.

Tnterion dithor s & & ot S it WSS 202
Exterior Diameter of Inner Ring 151,690
Interior ditto . . . B RITE3 390

Equatorial Diameter of the Body 79,160 ,
Interval between the Planet and

the Interior Ring . . . . . 19,090 ,,
Tntorval: of tho RINES oot «in bt n% gy (9L B
Thickness of the Rings not ex-

ceedime: .S IRIEE TR 100 .,



CONVERSATION X.

THE PLANET URANTUS.

THE FIANLET URANUGS WITH ITS MOONS.

“PAPA says that he is going to tell us the
history of the last planet but one in the solar
system,” said Henry to his sister the next day ;
“and 1 am sorry we are near the last, for it
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is very pleasant to hear about our neighbour
worlds.”

«Strange kind of neighbours,” said Mary,
«when they always keep so far off from us.”

« Never mind that,” said Henry; they belong
to our system, and get their light from our sun,
and they all move as we do, day after day, and year
after year ; therefore I shall call them neighbours,
and T only wish we could get better acquainted.”

Their papa, hearing them speak of the «last two
planets,” told them that we must not speak
positively about their being the last. «The
newly-discovered planet Neptune,” said he, “1s
the last of our system known to us at the present
time, yet we cannot say that no future discovery
will be made in the solar system. Indeed, astro-
nomers are just now (1860) busy inquiring about
the new interior planet or planets between the
Sun and Mercury, of which I have already spoken.
(See page 26.) Before the discovery of Neptune,
people used to speak just as confidently of Uranus
being the last planet.”

« Then we may perhaps some day hear of an-
other large planet outside Neptune,” said Henry,
““just as we have lately heard of a mew planet

>
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mside Mercury, and of such a number of little
new planets among the Asteroids.”

“ Certainly. In the mean time, let us inquire
about the distant world which we now call Uranus.”

“Was it ever called anything else, papa ?” said
Robert.

“It has been known by three names,” answered
his father. “It was first discovered on the 13th
of March, 1781, by Sir William Herschel, who
had constructed a telescope of great power, and
was employing it in -astronomical observations.
Uranus could sometimes be seen as a star of
the seventh magnitude with the naked eye,
and had been noticed by one or two former
astronomers, and set down among the fixed stars;
but no one suspected it to be a planet, until Her-
schel, by looking at it through his telescope, found
that it then appeared as a star of the first magni-
tude. Now, would it have appeared so much
larger through a telescope, if it had been at the
immense distance of the fixed stars ?”’

“No, papa,” said Henry, “for you told us that
the fixed stars are too far off to be magnified by
any telescope. They do not look any larger, only
a little brighter.”
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« And, therefore,” continued his father, “Her-
schel knew at once that it could not be a fixed star.
He then supposed it might be a comet; but on
watching its position among the neighbouring stars,
night after night, he saw that it changed its place
with respect to them, not with sufficient rapidity
for a comet, but very much after the manner of a
planet. Continuing his observations, he at length
became convinced that it was a planet, and he
named it Georgiwm Sidus, or Georgian Star, in Hese
honour of his patron the reigning king, Greorge the iy
Third. By this name it was for some time inown in #7725
England, but foreign astronomers called it Herschel, ‘
after the name of its discoverer. At last the Royal Y. -
Academy of Prussia gave it the name of Uranus§f, &
by which it 1s now usually known. As Herschel 7.
continued to observe this planet, he gradually”——
discovered six moons revolving round it, two ofllbetzn
which were more easily seen than the others.
The other four could only be distinguished by the
highest powers of the telescope, and are most
difficult objects to get a sight of, even with the
best instruments. There is some little uncertainty
about these moons on account of the difficulty of
finding them, and some astronomers suppose the
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whole number to be eight. It is just possible to
see the planet itself on a fine clear evening, when
the moon is absent; but it is rare to get a sight
of it without a telescope.”

“Is Uranus a small planet ?” asked Mary.

“It is smaller than J upiter or Saturn,” said
her father, “but it is about eighty times as large
as our earth.”

“How very far it must be from the sun!” re-
marked Henry.

“It is distant from the sun the enormous
quantity of eighteen hundred millions of miles,
and does not receive more than a four-hundredth
part of the light and heat enjoyed by our
earth.”

“Then is it not dreadfully cold and dark there,
papa ?” asked Mary.

“If it have the same kind of atmosphere as
ours, it must be so cold that our severest winter-
weather, continued all the year round, would be
warmer than its mildest season.”

“How I pity the inhabitants, if there are any !”
seid Mary. I thought the Esquimaux were very
badly off, when Henry read about them this morn-
ing; but if it is colder in Uranus than in their
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frozen country, the people can never know what
warmth is.”

«Nor do they need it,” said her father. G
there be inhabitants in Uranus, they must be
so completely different from us, that the warmth
of our globe would destroy them. It is just as easy
for the Great Ruler of the universe to adapt
their bodies to a severe climate, as ours to a
temperate one.”

A picture of Uranus was here produced, and
the children wondered the planet had not a ring
like Saturn, which they thought he much wanted
to light him on his dreary way. Their papa told
them that the surface of Uranus appears to be
equally lighted up, and without ring, belts, or
spots. He likewise informed them, that Uranus
is more than eighty-four years in performing hig
journey round the sun.

Distance of Uranus from the Sun 1,800,000,000 miles,
Diameter, about . . . - . . 36,216 miles.
{ 84 years, b days, 19 hours,

Annual Revolution { 41 minutes, 19 seconds.

Revolution on its axis . . . 92 hours.



CONVERSATION XL

THE PLANET NEPTUNE,

“l am afraid we shall never see the planet
Neptune,” said Robert,  for papa says he is three
hundred times farther from the sun than we are,
and at that distance he must look very small.”

“Is Neptune a large planet or a small one,
papa P’ asked Mary.

“ Neptune is about thirty-three thousand miles
in diameter ; but I will show you a picture of the
comparative sizes of the planets, which will give you
a better idea than numbers.” (See page 128.)

““Oh, I see that he is smaller than J upiter and
Saturn, and larger than all the rest of the planets.
He makes our poor little earth look very in-
significant.” ,

“One of the most interesting circumstances
connected with this planet, is the wonderful way
in which it was discovered.”

“How was that, papa ?”

“You remember that I have told you of an
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attractive force which draws the planets towards
the sun ?”

“Yes, papa.”

“Tf this were the only attraction to which they
were subject, they would revolve with the most
perfect regularity in their elliptical orbits, the sun
being the common focus. But the planets have
also an attraction towards each other, and this
causes slight but also perfectly regular deviations
in their course, which can be calculated with the
oreatest nicety. Now the planet Uranus had long
been noticed to have certain deviations or perturba-
tioms, such as would have been expected if there were
another planet exterior to it, but which could not be
accounted for in any other way. - So two clever men
one in England, the other in France, set themselves
to calculate where the new planet ought to be.”

“ Who were these clever men, papa ?”

“The English philosopher was Mr. Adams, of
Cambridge ; the French philosopher was M. Le-
verrier, of Paris.”

“ And were they able to find out where it ought
to be?” asked Henry, incredulously.

“ They not only found out where it ought to be,
but felt quite certain that there it was.”

=
I
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“ And which spoke first ?”

“ Leverrier, or rather he wrote first to a friend
in Berlin, Dr. Galle, of the Royal Observatory,
requesting him to direct the telescope to a par-
ticular spot in the heavens, and he would be
sure to find the planet. The letter reached Dr.
Galle on the 23rd September, 1846, and on that
very night he searched as directed, and found the
planet.”

“ And what was Mr. Adams doing ?”’

“Mr. Adams had made his calculations, and
had arrived at nearly the same result -as the
Frenchman. Observations were being made at
the Cambridge Observatory, by Professor Challis,
who searched that part of the heavens indicated
by Mr. Adams, and actually twice noticed the
planet before the date of its discovery at Berlin.
But as it was not immediately recognized, the
Lhonour of the discovery remains with M. Le-
verrier.”

“And could they see what Neptune is like ?”’
asked Mary.

“ Numerous observers of this planet who have
attentively watched it through powerful telescopes,
agree in saying that it is elongated, and not cireular,
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in form, so that they suspect it to have a ring
like Saturn.”

« And has it any moons ?”

“Only one has yet been discovered, but very
probably there are others.”

« ] suppose it is not very far from Uranus,” said
Robert ; «or it would not have made much differ-
ence to it.”

«“Tt is upwards one thousand millions of miles
beyond the path of Uranus, and is distant from
the sun the enormous amount of 2,864 millions of
miles. Tt takes upwards of one hundred and sixty-
four of our years to travel round the sun. This
is all T can tell you with certainty about Neptune,
the farthest planet known to exist i our solax
system.”

Distance of Neptune from the Sun . 2,864,000.000 miles.
D EhOL L (E M msE S 33,610 miles.
Annual Revelution .« o i sag o (0,127 days.
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COMPARATIVE SURFACES OF THE PLANETS.

“ Having now given you some details respect-
ing all the planets, we will refer again to the
picture of their comparative sizes, and here are
some calculations by means of which you will be
able more easily to remember them. I must
however, caution you not to confound size or bulk
with surface. If, for example, the diameter of
Saturn be 10 times that of the Earth, his surface
will be 100 times the surface of the Earth, and
his bulk 1000 times the bulk of the Earth:—”

Mercury . . . . . . 4th the surface of the Earth.
Wenusis il . o Gl e sivasths do. do.

The Moon . . . . . J5th do. do.
IMaraERiiRL oL s do. do.
Asteroids . . . . . . verysmall

Jupiter. . . . . . . 130 times the surface of the Earth,
His Satellites . . . . 3 do. do.

e Do A £ (01 do. do.

His Rings. . . S () do. do.

His Satellites, about . 4 do. do.
Irannss bk os: (il do. do.

His Satellites . . . 2or3 do. do.

The Sun, about . . 12,500 do. do.



CONVERSATION XII.
COMETS.

Hexry was glad to hear his papa say that the
fixed stars and the planets were not the only
heavenly bodies he had to speak of. “I must
also tell you,” said he, “what is known about
those extraordinary bodies called comets, of which
you have yourselves seen a magnificent specimen.”

« Oh, yes, papa, the great comet of 1858 was so
beautiful, and stayed so long with us, that we were
quite sorry when it went away.”

¢« What did you observe in it ?”

« First there was a very bright spot like a star,
and round about it there was a circle of paler light,
but stretching away from it there was a long
stream of light different from any other light. It
was so delicate and beautiful that it reminded me
of those soft pale clouds which float away into the
sky from the funnel of a steam-engine.”

«“Yes, it certainly had the appearance of vapour.
Now the bright spot like a star was what is called
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the nucleus of the comet : that same spot with the
softer light around it, made up what is called the
head of the comet, and the long trail of light fol-
lowing its course, was the tail.” ’

« And have all comets a nucleus, a head, and
AT

«No; great numbers of comets have been seen
through the telescope which have appeared as mere
masses of mebulous light, without the slightest
vestige of a tail ; and some even of considerable
size have appeared perfectly round like a planet,
without either tail or coma, as that radiance round
them is called, from its fancied resemblance to the
hair ; hence the name comet.”

« Then if they have no tails, and no coma or
hair on their heads,” said Henry, «how is it that
people can distinguish them from planets or
fixed stars?”

« By the rapidity of their motion, and by their
moving in orbits altogether different from those of
any known planet.”

« Then the comets have orbits, and travel round
the sun in the same manner as our earth ?” said
Mary. . ;

«Not in the same manner: the orbit of a
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comet is a very long ellipse, such as you see in this
picture, where the white spot represents the sun,
and the white line represents the path of the comet.

Thus the comet is sometimes very near the sun,
and at other times at very great distances from
him. The great astronomer Newton was the first
to discover the real nature of the movements of
comets, and to show that they are regulated by
the attractive force of the sun. Another astrono-
mer, named Halley, resolved to reduce Newton’s
theory about comets to practice, and collecting
together all the recorded observations of those
bodies, he made many laborious calculations,
and at last satisfied himself that several of the
recorded observations related not to different
comets but to the same comet; and that he had
thus the means of calculating its return. The
comet which he studied so closely is known by his
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name, and is that of which I have two pictures to
show you.”

The children looked at the pictures with sur-
prise, for they seemed to represent two different
comets rather than the same.

« Halley’s Comet,” said their father, “has had
many different appearances, of which these pictures
represent two of the most striking ; it is seen once
in seventy-six years: its last appearance was in
1835, therefore its mext appearance will probably
be in 1911. It was in 1682 that Halley made
his observations upon it, and foretold the time of
its return. It was then about the size of the
planet Jupiter, and was accompanied by a tail of
considerable length. He named the year 1759 as
the period of its return, and when at that time
it actually made its appearance, the astronomical
world was at once convinced of the truth of
Newton’s theory about the movements of
comets.”

« And did Newton find out what comets are
made of ?”” asked Robert.

« Nowton was of opinion that the bright spot
which we call the nucleus of the comet must be a
solid body, otherwise it 'would be in some instances
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entirely dissipated by the great heat of the sun
when it approaches nearest to him.”
“ But what is the tail made of ?”

HALLET'S COMET, IN 1835.

“There have been a great many theories about
the origin and nature of the tails of comets, but
none of them are to be depended upon. One thing,
however, appears probable, namelv, that the tail is
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tfed by the matter raised from the nucleus by the
action of the sun. The best observations seem to
prove that there are two forces in action in addi-
tion to the force of gravitation. First, there 1s a
force in the nucleus itself, which throws out

ANOTHER APPEARANCE CF HALLFY'S COMET, IN 1835.

that luminous circle which we know as the coma
- equally in all directions ; then there is a vastly
superior force directed upon the comet from the
sun, which drives the particles to an immense
distance in space, and thus forms the tail.”
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“Then the sun made that glorious tail which
we watched every evening in the autumn of 1858,
and the comet must have been getting nearer and
nearer to him when the tail increased so rapidly.
I should like to know what it measured when it
was at its greatest length.”

“ Astronomers tell us that it reached to the
enormous distance of fifty-one millions of miles,
and that it was at the same time about fifty thou-
sand miles in thickness,”

“And yet it was so transparent that we could
see the stars through it,” said Mary. “Do you
know when it will come back again, papa ?”

An astronomer of Vienna has announced the
period of its revolution as 2,141 years; but the ob-
servations of astronomers in general have not yet
been fully compared and discussed, and there can
be no absolute certainty until the time comes.
But there are others to be spoken of among those
whose time of return is known. FEncke’s Comet,
which returns every 1,200 days, is remarkable for
the fact that the time of its revolution has beer,
gradually shortening to the extent of about two
hours and a half in each revolution, which, though
a small amount, is yet sufficient to have made a
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difference of, about two days since the year 1786,
from which year the observations are dated.”

«Then the comet mustbe going more rapidly
every year, or else it is narrowing its orbit,” re-
marked Henry.

«1 do not pretend to account for it, I only name
it as a curious fact which has not been noticed in
the case of any other comet. But there is a comet
named (after the Austrian officer who discovered
it in 1826) Biela’s Comet, which has behaved in a
still more extraordinary manner.”

¢« What has it done, papa ?”

«This comet, whose period of revolution is a
little over six years and a half (6:6), underwent a
remarkable change during the time that it was
visible in 1846. It separated into two distinct
comets, which continued to travel together at a
distance of about three or four minutes of a degree
(3" or 4') from each other, one being much fainter
than its neighbour.”

« And do you think that they still keep one
another company, or that they have quarrelled
and parted ?” said Mary.

«Tn 1852 they still travelled lovingly side by
~side: but circumstances do mnot seem to have
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favoured the observations in 1859, so that T have no
record to give you of its appearance at that time.”

“I am sorry for that,” said Robert ; “ but I hope
you have some more wonderful comets to tell us
about.” _

“ There are three others whose periods of revolu-
tion have been certainly ascertained ; there are also
about eight others whose orbits have been found to
be elliptical, but the comets themselves have not
been reobserved since their first discovery, either
because the time has not yet come round for their
reappearance, or because no favourable observa-
tions were made at the time. For instance: your
favourite, the great comet of 1858, was discovered
by Donati on the 4th of June in that year, and
was called Donati’s Comet : its period of return has
been calculated, but it is so distant that it cannot be
known with certainty until more than 2,000 years
have passed away.”

“ What are the names of the three others that we
are sure of ?” asked Henry.

“They are named after their discoverers, and
are called Faye's Comet, Borsen’s Comet, and
D’ Arrest's Comet, the second being a very small
telescopic comet. 'These three retwrn at short



COMETS. 139

intervals; but the most splendid comets are
among those which rarely appear.”

« Do tell us about some of them, papa.”

«T shall content myself with one. An extra-
ordinary comet was visible in the year 1630;
but its return is not expected to take place for
several hundred years.”

«What was there extraordinary in that comet ?”
inquired Henry.

«The enormous extent of its tail,” sald his
father, “which reached from the horizon to the
2enith, or point immediately overhead.”

« What is the horizon ?”” asked Robert.

«The distant line where the earth and sky
seem to meet. Look at that low range of hills
yonder; you can see nothing beyond them but the
clouds. Those hills form our horizon.”

«But what would be the horizon if we were
out at sea?” asked Mary.

« The waters themselves would form the horizon.
Do you not remember the distinct line of the
waters at Brighton? On looking out over the
sea, you were in no doubt which was water and
which was sky, unless a fog seemed to blend the
two together.”
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“Oh! I remember it very well,” said Henry,
“and how it changed colour according to- the
weather ; sometimes it was a long blue line of
water, sometimes it was greenish; and in cloudy
and rough weather it was almost brown, except
where it threw up the white surf. I often used to
notice it when I was walking on the beach.”

Henry was going on to describe some of the
attractions at Brighton, when his papa reminded
him of the comet and its wonderful tail, which
seemed suddenly to have gone out of his mind.

“Well, papa, and what harm did this great
comet do ?” asked he.

“None whatever. Comets, as far as we
know, have never injured mankind in any way ;
and none but ignorant persons expect evil to
happen on account of them. If it be true that
comets lose much in vapour every time they
approach the sun, then the long tail of this
comet of 1680 will be easily understood, for Sir
Isaac Newton reckoned that the comet went so
near the sun as to be exposed to a heat two
thousand times greater than that of red-hot iron.
Halley’s Comet does not approach the sun so
closely. When at the nearest, it is about half the
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earth’s distance from the sun, when at the farthest
part of its course, it is more than thirty-five times
the earth’s distance from the sun.”

“ Then at one time a comet must be in a very
hot climate, and at another in a very cold one.”

“ That is true,” replied his father. ¢ The whole
subject of comets is wonderful, and, at present,
unaccountable. Their number even is not to be
defined, for it is supposed that multitudes visit our
system which elude our observation. And in
thinking of them, and of the whole of the solar
system, I would have you often raise your thoughts
to the great Author of all these wonders. He
can create, and He destroy.” It is by His power
that all things are upheld, and one word of His
would be sufficient to bring ruin on all these
worlds.”

NAMES OF THE COMETS WHOSE PERIODS OF REVOLUTION HAVE
BEEN ASCERTAINED,

Comet. Mean period of Revolution, Last Appearance
Halleylsio o . . aboutfiBwears. 7 & weis i 1835
18l e AR A o a3l R R e s e B Y5
Bielaigi it i i saial, o (653 i AR e el T
Bameiy v s i, 9 TR i s A S 5 8
Bropsemiat L et hy D e A e ORI 5
DYATPestIgi o o 5 (st Fecs L [l

n
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NAMES OF COMETS WHICH REVOLVE IN ELLIFTIC ORBITS, BUY
HAVE NOT BEEN REOBSERVED,

Comel of 1680, : [lated by Lexell.
Lexell's Comet, discovered by Messier in 1770, and calcu-
Comet of 1811. [February 1887.

Comet of 1815, discovered by Olbers.—Expected return,
De Vico’s Comet, discovered 1844, at Rome.

Peters’ Comet, discovered by Dr. Peters’, at Naples, 1846.
Winnecke’s Comet, discovered at Bonn, 1858.

Donati’s Comet, discovered by Donati, 1838,

DONATI'S COMET, 1858,



CONVERSATION XIIL.

DIVISION OF TIME,

THE OBSERVATORY GREENWICH

Hexry had heard his papa say that a knowledge
of the Starry Heavens was very useful as well as
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agreeable ; he therefore begged to be told some
of its uses. “ We live at such a distance from the
planets and stars,” he said, “that I cannot think
how they can be useful to us, or what benefit it
can be to us to know their history, except for the
pleasure of it.”

“If you wish to know the uses of the heavenly
host to our world,” said his father, “take your
Bible, and read the fourteenth verse of the first
chapter of the Book of Genesis.”

Henry read as follows: “And God said, Let
there be lights in the firmament of the heaven,
to divide the day from the night; and let them
be for signs, and for seasons, and for days, and
years.”

“T know, papa,” said Henry, “how the seasons
are caused, and why day and night come so regu-
larly ; but I want to know the use of learning all
about the stars; for they would do just the same
if we knew nothing about them.”

“That is true,” replied his father; “but you
must remember, that ‘the heavens declare the
glory of God, and the firmament showeth His
handywork ;” so that if there were no other use in
a knowledge of astronomy, it would be quite suffi-
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cient that the more we study it the more we shall
know of the wonderful works of our heavenly
Father. But there is also a use connected with
the every-day business of all our lives; for if men
had never discovered the beautiful and regular
motions of the heavenly bodies, they would not
have been able to measure time, nor would they
be able to navigate the ocean as they now do
by means of their starry guides. A great use of
astronomy is to regulate the order of time.”

«T had quite forgotten that use, papa,” said
Henry.

« By the sun we mark out our years, seasons,
and days,” continued his father; “by the moon
we reckon our months and weeks. You may,
perhaps, fancy that this is a very easy thing, but
in the case of months and years it has been found
very difficult.”

« And yet it seems as if it would be easy enough
to reckon from one new moon to another for a
month, and from the shortest day to the shortest
day for a year,” said Henry.

« But it happens that neither the month nor the
year is completed in an exact number of days.
Although we speak of the year as consisting of
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565 days, it contains nearly a quarter of a day
over. For about four hundred years this quarter
of a day was taken no notice of in the reckonings
of time, until at last we were so much in the wrong
that our year began ninety days, or about three
months, too soon.”

“And could any one make it right again, when
it had once gone wrong ?” asked Mary.

“ They could, and did,” replied her father,
“although the attempt caused much confusion. Tt
was in the time of Julius Ceesar that the mistake
was found out and rectified. A plan was then con-
trived for making our reckonings more exact for
the future. The quarter of a day was taken ac-
count of by making every fourth year to have one
day more than the rest. This fourth year is called
leap year, and contains 366 days. But even this
contrivance did not bring it exactly right ; so that,
after many hundred years had passed, another
change in onr reckoning was wanted.”

““ And when was that made, papa ?”’

“It was made in 1582, when it was determined
that every hundredth year, for three centuries in
succession, should be a common year, and the
fourth hundredth year should be a leap year. Thus
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the years 1700, 1800, and 1900, are cominon years,
and the year 2000 is a leap year. This brings the
reckoning so nearly right, that in twenty thousand
years there will be an error of one day only.
This plan was not adopted in England until 1752.
At that time we were eleven days wrong in our
reckoning, and accordingly eleven days were taken
out of that year, leaving only 354 days. This was
so unaccountable to the lower classes at the time,
that numbers of persons loudly complained that
Government had robbed them of eleven days.”

«How silly of them!” said Henry. “They
ought to have known that nobody could take away
the days, any more than they could give them new
ones.”

«Mrue,” answered his father ; “but as they did
not understand the reason for it, we can scarcely
wonder that they were startled at having to skip
over eleven days, from the second of September
to the thirteenth ; for that was the time when the
alteration was made.”

« Tt must have been strange, indeed, papa,” said
Mary; “and I think if we had to pass over eleven
days now, it would seem almost as if we had lost
the time; and suppose either of our birthdays
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happened to come‘on one of those days, we should
lose that too.”

Henry and Robert laughed at the thought of
losing their birthdays; and their papa told them
that he knew a gentleman whose birthday hap-
pened on the 29th of February, and therefore it
could only come once in four years, that being the
day which is added to make the reckoning right,
“This gentleman, when at the age of forty-four,
used to puzzle young folks by telling them that
he had just kept his twelfth birthday.”

“If the days of the year have been thus difficult
to reckon,” continued their father, “the days of
the month have also required some management
to bring them within the limits of the year.”

“How is it that the reckoning from new moon
to new moon will not do ?” said Henry.

“ Because twelve moons, or lunar months, are
not quite so long as a year.”

“Then why not have thirteen ?” asked Mary.

“ Because they are longer than a year,” replied
her father. “A year contains twelve lunar months
and eleven days over.”

“Eleven days too much, again!” said Henry.

“Yes; and this would occur every year, if we
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reckoned our months by the moon’s age; there-
fore, these eleven days are divided amongst the
different months, some having thirty, others thirty-
one days,—as you have learned in your lines :—

¢ Thirty days have September,
April, June, and November ;
February hath twenty-eight alone;
All the rest have thirty-one ;
Except in Leap-year, at which time
February's days are twenty-nine.’ ”

« How can we know whether it is Leap-year or
not 2 asked Henry.

« Most people keep almanacs in the house, and
turn to them for information respecting the divi-
sions of time; but there is an easy rule by which
you may find out whether it is Leap-year or not.
Take any year—say 1858—and divide the last
two figures by 4; if there is a remainder, subtract
that remainder from 4, and you have the number
of years which it wants to Leap-year.”*

Henry took his slate, and set down the figures
fhus—

4)58 3 saying, “Fours in five—one and one

49, soyer,;. toursin eighteen——four——and
two remaining.”

#* There is an exception to this rule in the case of the yed
that begins the century. See page 146.
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He then subtracted the remainder (saying, “Two
from four and two remain”), and found that it
wanted two years to Leap-year. He also tried
the three following years thus :—

1859 “Three from four—one remains ;

4)59 therefore 1t wants one year to Leap-
143 year”

1860

4)60 “No remainder; therefore, that is
15 Leap-year.”

1861

4)61 “One from four—three remain ;
15—1. therefore it wants three years to

Leap-year.

His papa then spoke of the days of the week.
“From the very creation,” he said, “the weeks
have contained seven days; six for labour, one
for rest. This is a merciful provision for the
wants of man, ordained by God himself, and
therefore perfect, and exactly suited to our bodily
etxength and circumstances, as well as to our
spiritual need. It also happens that this week of
seven days is very nearly one quarter of a lunar
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month, so that full moon is always about a fort-
night after new moon.”

«Do the weeks come right at the end of the
year, papa?”’ asked Henry. “I mean, are there
just enough to fill it without any days over ?”

«There are fifty-two weeks in a year; but there
is one day over; so that every year begins one
day later in the week than the year before.”

« How do you mean, papa ?” said Mary.

«T mean that if the 1st of January happens on
a Monday in one year, it will fall on a Tuesday
the next year, because there is the additional day
to come in at the end of the old year. Butif it
be Leap-year, there will be two days over, instead
of one ; so that the new year will begin two days
later in the week.”

«Can we see about all this in a common al-
manac, papa ?—and will that tell us when it will
be new moon or full moon, and what time the sun
rises ?”

« All this you will find in any good almanac;
but T must mention, that the time of sun-rising is
different in different places; so that if you were
at Edinburgh, an almanac made only for London
would be of no use to you in that respect.”
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“Please will you explain how that is, papa ?”
said Henry.

“It 1s caused by difference of latitude,” said his
father; “and I will endeavour to give you some
notion of the meaning of that word. You remember
the name of the line which separates the globe into
two hemispheres ?”

“Oh, yes, papa; it is the equator. We very
often draw such a line on oranges and apples, just
as you did when you explained about the northern
and the southern hemispheres.”

“I also told you that there are many other lines
drawn on an artificial globe to help us to measure
distances correctly. All the lines drawn round the
globe in the same direction as the equator, that is,
parallel with it, are for the purpose of marking latz-
tude, that is, the distance of any place north or
south of the equator.”

“But there are lines the other way also, stretch-
g from the north pole to the south,” said Henry.
“ What are they for?”

“Those lines which reach from one pole to the
other are for marking longitude, or the distance
of any place to the east or west of our own
country.”
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« How is this done, papa ?” asked Henry.

«If you know the distance from one of these
lines to another, it is easy to reckon the distances
of the places lying between. Now the distance
between each of those lines which mark the longi-
tude is fifteen degrees, that being the space which
the sun appears to pass over in an hour. We begin
our reckoning from the line which passes through
pur capital city, London.”

«But what is a degree?” said Mary.

« Fvery circle, whether large or small, is divided
nto 360 parts, called degrees, the size of the degree
varying of course with the size of the circle. At
the equator, a degree contains about sixty-nine
miles and a half. The lines which mark the lati-
tude are ten degrees apart.”

« A1l this seems very difficult,” said Henry.

«Tt will seem so until you have practised on
the globes, or with good maps, the way of finding
the latitude and longitude of places; when you
have done so, you will find it both easy and plea-

sant.”



CONVERSATION XIV.

TIME MEASURERS,

As the children were returning from an evening
walk, shortly after the foregoing conversation, they
amused themselves, as children are wont to do,
with watching the lengthening shadows of their
own figures, cast on the pathway before them, and
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becoming taller and taller as the sun went down
towards the horizon. Mary begged her papa to
look at the tall thin shadows, and see whether
they were like either her brothers or herself. He
told her there was not much resemblance, and
that he could not have guessed they were the
shadows of his little folks.

« By these shadows,” he continued, ¢ you might
tell pretty nearly the time of the day. Any object
capable of casting a shadow may be made a time
measurer.”

« Then are we all time measurers ?” said Henry.

« We might be, if we chose t0 stand in one spot
all day long, while the sun was shining ; but this
would be a sad waste of time, when a stick thrust
into the ground would do just as well.”

«(Qh, do tell us how to measure time with a
stick, papa,” said little Robert. «I dare say that
would be easy; and you know I have never been
able to learn what it is o’clock by the watch yet.”

«To measure time by a stick would want more
patience and attention than little boys and girls
are likely to have; so I think you must make up
your mind, Robert, to learn the time in the re-
gular way, by means of the clock and wateh.”
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“But, if it will not be troublesome to you, papa, -
please to explain the way of doing it with a stick,”
said Mary.

“If you fix a stick or rod upright in the ground,
In a sunny place, allowing it to stand exactly two
feet above the surface of the earth, you may, in
the course of time, get much information as to the
hour of the day and the season of the year. You
would do this by means of the shadow of the stick,
but it requires attention, and the noting down of
what you see. You will soon observe that the
shadow is always shortest in the middle of the
day ; therefore, if you take notice of the time when
it is shortest, you may know that that is noon, or
twelve o’clock.”

“But how could I tell when it was shortest ?”
asked Robert.

“ That would be very easy,” said Henry; “you
could set a little peg in the ground and move it
as the shadow moved; and when you found it
come to the shortest, you could let the peg stay
there.”

“Yes,” said his father, “or you could measure
the length of the shadow with your rule, and
write down its different lengths in a book. As
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the shadow is shortest at noon, so it is longest at
sunrise and sunset.”

“That must be the reason why our shadows
look so tall now,” said Henry, “for it is very near
sunset.”

“The twelve o’clock shadow will point exactly
north and south all the year round,” continued his
father ; “which is another useful thing for little
folks to take notice of. The shadow will gradually
get shorter from sunrise till noon, and will gradu-
ally get longer from noon to sunset; and if you
measure the shadow at different parts of the day,
you will find that it is of the same length so many
hours before noon as it is the same number of hours
after noon.”

“T will get a smooth stick and set 1t up in my
garden, to try all thls, said Henry.

“ And I in mine,” said Mary ; “ but suppose t]
sun should not shine ?”

“You will not then get a shadow, of course,”
said her father. “But there are enough sunny
days in the year to answer the puarpose. If you
put down in a book the exact ]ength of the twelve
o’clock shadow, you will find that 1t 1s much longer

in winter than in summer. Indeed, if you measure
: L
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it on the first day of every month, you will find it
to differ in the following manner :— '

ft. in. it

Ist of January . 7 3% | lstofJuly . .1 1
— February 5 1 — August .1 4
— March . . 3 4 — September1 10
s DTl SRR 2 — October . 2 10%
— May S H3 — November 4 6
— i une & VTalE ] & — December 6 8%

In this way you may know the seasons of the year.
Now, although we have much better guides, and
have no real occasion for such a contrivance as
this, it is well to be acquainted with it. We can
fancy that a shipwrecked person, cast upon some
desert island, and having no other means of
reckoning time, would be very glad to measure
the hours and trace the seasons in this way. This
is, in fact, a rough sort of sun-dial.”

“I suppose it would not do quite so well as the
sun-dial opposite our house?” said Robert.

Mary remembered that the sun-dial had not an
upright rod to produce the shadow, but a slanting
one. Her father explained to her that, in order
to measure time with the greatest exactness, it is
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necessary for the gnomon or style (the part that casts
the shadow) to incline in the same way that the
earth itself does. In other words, the style must
be parallel with the axis of the earth at the place
of observation. ¢ Figures marking the hours,” he
said, “are placed round the edges of the dial-
plate, at such distances apart as the shadow travels
in an hour. Sun-dials are very ancient, but are
now almost out of use in this country. They are
more useful in southern climates, where the heavens
are unclouded and serene, and the shadows more
strongly marked and distinct. Sun-dials are chiefly
of two kinds: those which are upright and set
against the wall, and called vertical dials, and those
which are flat, and set on pedestals in lawns and
other open places. These are called forizontal
dials.”

The . children were then told that there were
several ways of measuring time practised by our
forefathers, but now, for the most part, gone out of
use.

“Oh, yes, papa,” said Mary, “in my little book
of history I have read that Alfred the Great taught
people a way of measuring time by candles. T sup-
pose he had them made to burn so many hours.”
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“And very likely he marked them in some way
to know the hours and half-hours,” said Henry.

“But he must have kept them burning all day
long,” said Robert, “or else he would only have
known what it was o’clock after dark.”

“And he must have kept them in a cool place,
and where there was no draught,” said Henry;
“for candles burn away very fast when the wind
blows upon them, or when they are near the fire;
and they would not do to measure time with
unless they burned always alike,—would they,
papa ?”’

“ Uertainly mnot. Their not burning the same
at one time as at another, makes them but poor
time measurers. The clepsydra or water-clock was
another contrivance for the same purpose. It
was made in a variety of ways; but in all of them
the course of time was marked by the smooth,
stealthy descent of water. Hence the name of the
contrivance, from two Greek words, signifying “to
steal water.” The clepsydra was much used among
the ancients. Indeed, it continued in use until
the sizteenth century, and was known in France
and Italy in the seventeenth, and only went out of
use when Galileo discovered the pendulum, which
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led to the invention of the clock. Sand was also
used instead of water, and thus the four-glass was
formed. You have seen an hour-glass, have you
not ?”’

““Yes, papa,” said Mary, cousin Fanny always
has an hour-glass on the piano when she is prac-
tising ; and as soon as all the sand has run through
she shuts up the book.”

“The objection to the hour-glass is, that it
requires to be turned every hour; and this is
why we so seldom see it used. Watches, which
only want winding up once a day, and clocks,
once a week, are naturally preferred to all former
time measurers.”

« You must make haste to understand the clock,
vou see, Robert, for there is no better way of

o

measuring time,” said Henry.

THE BND.


















