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BOOK FIRST.
L

NIGHT.
%0 nuit ! que ton langage est sublime pour moi I''*

O NieHT, how sublime is thy language to
me ! ‘Where are the souls to whomn
the spectacle of starry night is not an elo-
quent discourse ? here are those who
have not been sometimes arrested in the pres-
ence of the bright worlds which hover over our
heads, and who have not sought for the key
of the great enigma of creation? The soli-
tary hours of night are in truth the most beau-
tiful of 41l our hours, those in which we have
the faculty of placing ourselves in intimate
communication with great and holy Nature.
Far from spreading a veil over the universe,
us is sometimes said, they only efface those
which the sun produces in the atmosphere.
The orb of day conceals from us the splen-
dors of the firmament ; it is during the night
that the panoramas of the sky are open to us.
“ At the hour of midnight the heavenly
vault is strewn with stars, like isles of light
in the midst of an ocean extending over our
beads. Who can contemplate them and

. bring back his looks to the earth without

feeling sad regrets, and without longing for
wings in order to take flighit and be blended
with them, or be lust amid their immortal
light ?*

In the midst of darkness our eyes gaze free-
1y on the sky, piercing the deep azure of the
apparent vault, above which the stars shine.
They traverse the white constellated regions,
visiting distant regions of space, where the
most brilliant stars lose their brightness by
distance ; they go beyond this unexplored
expanse, and mount still higher, as far as
those faint nebule whose diffused brightness
seems to mark the limits of the visible. In
this immense passage of sight, thought with
ra‘l)id wings accompanies the forerunning vis-
ual ray, carried away by its flight and won-
deringly contemplating these distant splen-
dors.  The purity of the heavenly prospect
awakens that eternal predisposition to mel-
ancholy which dwells in the depths of our
souls, and soon the spectacle absorbs us in a
vague and indefinable reverie. 1t is then
that thousands of questions spring up in our
minds, and that a thousand points of interro-
gation rise toour sight. The problem of cre-
ation is a great problem! The gcience of the
stars is an immense science ; itsmission is t
emhrace the universality of created thing®
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At the remembrance of these impressions,
does it not appear that the man who does not
feel any sentiment of admiration before the
picture of the starry splendor, is not yet wor-
thy of receiving on his brow the crown of in-
telligence ?

Night is, in truth, the hour of solitude, in
which the contemplative soul ig regenerated
in the universal peace. We iecome our-
selves ; we are separated from the factitious
life of the world, and placed in the closest
communion with nature and with truth.

Of all the sciences, Astronomy is the one
which can enlighten us best on our relative
value, and make us understand the relation
which connects the Earth with the rest of
creation. Without it, as the history of past
centuries testifles, it is impossible for us to
know where we are or who we are, or to
establish an instructive comparison between
the place which we occupy in space and the
whole of the universe : without it we should
be both ignorant of the actual extent of our
country, its nature, and the order to which it
belongs. Inclosed in the dark meshes of
ignorance, we cannot form the slightest idea
of the general arrangement of theworld ; a
thick fog covers the narrow horizon which
contains us, and our mind remains incapable
of soaring above the daily theatre of life, and
of going beyond the narrow sphere traced by
the limits of the action of our senses. On
the other hand, when the torch of the
Science of the Worlds enlightens us, the
scene changes, the vapors which darkened
the horizon fade away, our mistaken eyes
contemplate in the serenity of a pure sky the
immense work of the Creator. The Earth
appears like a globe poised under our steps ;
thousands of similar globes are rocked in
ether ; the world enlarges in proportion as
the power of our examination increases, and
from that time universal creation develops
itself before us in its reality, establishing
both our rank and our relation with the
numerous similar worlds which constitute
the universe.

The silence and profound peace of a starry
night present an appropriate scene to our
conlemplative faculty, and no time is more
propitious to the elevation of the soul tow-
ard the beauties of the heavens., But the
poetry of the sight of these appearances will
be soon surpassed by the magnificence of the
reality. And it is on this point that we must
first insist, in order to get rid of all de-
lusions caused by the semses. It seems to
me right to remove the causes of error which
may leave false impressions on our minds ;
it is completely useless, if not dangerous, to
devote the first part of an astronomical dis-
course to describing apparent phenomena,
which will afterward have to be proved
false. Let us not follow this troublesome
road ; let us keep away from the ordinary
path, and begin, on the contrary, by raising
the veil, in order to allow the reality to
shine. Poetry, whose harmonious breath has
just hushed our suspended souls, will not
vanish on that account ; it will ruther regain

a fresh aspect and new life, and, above all, a
greater energy. Fiction can never be supe-
rior to truth ; the latter is a source of inspi-
ration to us, richer and more fruitful than
the former. I

THE HEAVENS.

TaE shade which spreads over the hemi
sphere in the absence of the Sun, from its
setting to its rising, is only a partial phenom
enon, circumscribed by the Earth, and in
which the remainder of the universe does not
participate. When we are enveloped in the
calm silence of profound night, we are in-
clined to extend the scene which surrounds
us to the entire universe, as if our world
were the centre and pivot of creation. A
few moments’ reflection will suffice to prove
how great this illusion is, and to prepare us
for the conception of the whole world. It is,
indeed, evident that the Sun cannot illumi-
nate all sides of the same object at once, but
only those which are turned toward it, only
lighting up half the terrestrial globe at one
time ; hence it follows that night is nothing
more than the state of the non-luminous
part. If we imagine the terrestrial globe
suspended in space, we shall understand that
the side turned toward the Sun is alone
illuminated, while tke opposite hemisphere
remains in shadow, and that this shadow
presents the aspect of a cone. Moreover, as
the BEarth turns on itself, all its portiors are
presented successively to the Sun and pmss
succesgively into this shadow, and it is this
which constitutes the succession of day and
night in every country of the world. This
simple coup d’@il suffices to show that the
phenomenon to which we give the name of
night belongs really to the Earth, and that
the heavens and the rest of the universe are
independent of it.

This is the reason why, if at any hour of
the night we let our minds soar above the
terrestrial surface, it will follow that, fat
from remaining always in the night, we shall
again find the Sun pourin% forth his floods
of light through space. 1f we carry our-
selves away as far as one of the planets
which, like the Earth, revolves in the region
of space where we are, we shall understand
that the night of the Earth does not extend
to those other weorlds, and that the period
which with us is consecrated to repose does
not extend its influence there. When all
beings are buried in the stillness of silent
night here—above, the forces of nature con-
tinue the exercise of -their brilliant func-
tions—the Sun shines, life radiates, move-
ment is not suspended, and the reign of light
pursues its dominant sction in the heavens
(as on the opposite hemisphere to ours), at
the same hour when sleep overcomes all be-
ings on the hemisphere we inhabit.

1t is important that we should know, first
of all, how to habituate ourselves to this idea
of the isolation of the Earth in space, and to
believe that all the phenomena which we ob-
serve upon this globe are peculiar to it and
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foreign to therest of the universe, Thou-
sands and thousands of similar globes re-
volve like it+in space. I do notnow prove
the truth of my assertions, but my readers
will not doubt them, and will be willing to
tuke my word, remindiug me later to justify
all that I shall have stated. Moreover, I
promise them to do this as soon as possible ;
but I shall ask their permission to develop
at once, in outline, a general idea of the uni-
verse.

One of the most fatal delusions which it is
important we should get rid of at once, is that
which presents the Earth as the lower half of
the universe, and the heavens as its upper

Fig. 1.—Night and Day.

half. There is nothing in the world more
false than this. The heavens and the Earth
are not two separate creations, as we have
had repeated to us thousands and thousands
of times. .Theyare only one. The Earth is
in the heavens. The heavens are infinite
space, indefinite expanse, a void without lim-
its; no frontier circumscribes them, they
have neither beginning nor end, neither top
nor bottom, right nor left; there is an
infinity of spaces which succeed each other
in every direction. The Earth is a little
material globe, placed in this space without
support of any kind, like a bullet which
sustains itself alone in the air, like the little
captive balloons which rise and float in the
atmosphere when the thin cord which retains
them is cut. The Earth is a stur in the heav-
ens ; it forms part of them ; it, in company
with a great many other globes similar to it,
peoples them ; itis isolated in them ; and all
these other globes also float isolated in space.
This conception of the universe is not onlilr
very important, but it is also a truth whic

it is absolutely necessary should be well
fixed in the mind, otherwise three quarters
of the ustronomical discoveries would remain
incomprehensible, Here, then, is this first

n

point well understood and thoroughly estab-
lished in our thoughts. The heavens sur-
round us on every side. In this space the
Eurth is a globe suspended ; but the Earth is
uot alone in space. All those stars which
sparkle in the heavens are isolated globces,
suns shining by their own light ; they are
very distant from us; but there are stars
nearer which resemble much more the one
we inhabit, in the sense that they are not
suns, but dark earths receiving, like ours,
light from our Sun. These worlds called
‘“ plunets’ are grouped in a family ; ours is
one member of this family. At the centre
of this group shines our Sun, a source of
light which illuminates it, and of heat which
warms it. Floating in the bosom of the
space which surrounds it on every side, this
group is like a fleet of many boats rocked in
the ocean of ithe heavens.

A multitude of suns, surrounded like ours
with a family of which they are the foci and
the light-givers, float likewise in all purts of
the expunse. These suns are the stars with
which the fields of heuven are scattered. In
spite of the appearance caused by perspec-
tive, immense spaces separate all these sys-
tems from ours, spaces so great that the
highest figures of our great numeration can
scarcely number the smallest umong them.
A distance that our figures can scarcely ex-
press also separates these stars from each
other, extending from depths unto depths.

Notwithstanding these prodigious inter-
vals, theso suns are in number so consid-
crable that their numeration as yet exceeds
all our means ; millions joined to millions
are¢ inadequate to enumerate the multi-
tude! . . . Letthemind try if it is pos-
sible to represent to itself at one time this
considerable number of systems and the dis-
tances which separate them one from the
other ! Confused and soon humbled at the
aspect of this infinite richness, it will only
learn to admire in silence this indescribable
wonder. Continually rising on the other
side of the heavens, going b¢yond the dis-
tant shores of this ocean without limits, it
will endlessly discover fresh new space, and
new worlds will reveal themselves to our
cagerness ; heavens will succeed to heavens,
spheres to spheres ; after deserts of expanse
will open other deserts, after immensities
other immensities ; and even when carried
away without rest, during centuries, with
the rapidity of thought, the soul would con-
tinue its flight beyond the most inaccessible
limits that imagination could conceive—thcre
even the infinite of an unexplored expanse
would remain still open before it ; the infi-
nite of space would oppose itself to the infi-
nite of time ; endlessly rivalling, without our
ever being able to take away from the other ;
and the spirit will be arrested, overcome with
fatigue, at the entrance of infinite creation,
as if it had not advanced a single step in
space.

Imagination suspends its flight and is stop-
ped humbled.
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¢ Yestars | brightlegions that, before all time,
Camped on yogn plain of sap; fxire, what shall tell
Your burning myriads but the eye of Him
‘Who bade tgrough heaven your golden chariots

Yet ?vh%? earth-born, can see gfour hosts, nor feel

Immortal impulses—eternity

‘What wonder if the o‘em'rou%ht soul should reel

With its own weight of thought, and the wild eye

See fate within your tracks of deepest glory lie ? '*

The jimmensity of the heavens has been
sung on many lyres ; but how can the song
of man express such a reality ? Poets have
tried to render it in verse, when one feels the
insufficiency of speech to note the immense
thoughts which this wonderful contempla-
tion develops in us.

Had I not reason for stating, as I did, that
reality is superior to fiction, even from the
point of view poetical sentiments, .and that
the contemplation of actual nature incloses a
richer and more fruitful source of inspiration
than the illusions of the spectacle offered by
our senses? Instead of an immense night
stretching itself to the azure vaults, instead
of a robe worked with gold embroideries, or
a veil covered with brilliant ornaments, we
are in the bosom of life.and universal bright-
ness. Night is but an accident, a happy
accident, which enables our looks to extend
themselves beyond the limits which the day
marks for us ; we are like a traveller reclin.
ing in the shadow of a hill, who contem-
plates the illuminated landscape which is un-
folded as far as the distant horizon. Instead
of the immobility of dead silence, we are

resent at the spectacle of life on worlds.

ith the light of truth the arbitrary vaults
disappear and heaven opens its depths tous :
the infinite of creation is revealed with the
infinite of space, and our Earth, losing the
preponderance which our pretensions had
accorded to it, gives way under our feet and
disappears in the shade, losing itself in the
midst of a multitude of similar littl» worlds,
In the freedom of our flight we go beyond
the solar regions and take our first sketch of
the universe. 1tis thus that, disabusing our-
selves of the first step of the aneient rror too
long established by appearances, we place
ourselves in good conditiun for study, and
prepare ourselves to reeeive easily the fresh
truths which nature will reveal to us.

Allow me, in concluding this chapter, to
relate an episode worthy of being more
known than it has yet been, because it shows
how mueh more power the real world bas
than the empire of fiction. It is taken from
the life of the great mathematician, Euler,
and it was Arago himself who related it to
the Chambre des Députés at the meeting of
the 23d of March, 1837.

‘“ Enler, the great Euler, was very devout ; one of
his friends, a minister of one of the Berlin churches,
came to him one day and said, ‘ Religionis lost, faith
has no longer any baris, the heart is no longer moved,
even by the slght of the beauties—the wonders of cre-
ation. Can you believe it? I have represented this
creation as everything that is beautiful, poetical, and
wonderful ; I have quoted ancient phhosophers and
the Bible itself; half the audience did not listen to
me, the other half went to sleep or left the church.’

« “Make the experiments which Truth points out to
you,” replied Enler. °‘Instead of glving the descrip-

fion ot tne world from Greek phiulosophers or the
Blble, take the astronomical world, unvell the world
such as astronomical research has constituted it. In
the sermon which has been so little attended to, you
have probably, according to Anaxagoras, made thé
Sun equal to the Peloponnesus. Very well ! say to
your audience that, according to exact incontestable
measurements, our Sun is 1,200,000 times larger than
the Earth,

**You have, doubtless, spoken of the fixed crystal
heavens ; say that they donot exist, that comets break
througdh them, In your explanations planets were
only distinguished from stars by movement; tell
them they are worlds, that Jupiter Is 1400 times larger
than the Earth, and Saturn 900 times; dcscribe the
wonders of the ring; speak of the multfple moons o
these distant worlds.

‘¢ Arriving at the stars, their distances, do not state
miles ; the nnmb..8 will be too great, tiley will not
appreciate them ; take as a scalethe veloclty of light ;
say that it travels 186,000 miles per second ; after-
ward, add that there iz no star whose light reaches
usunder three years ; thatthere are some of them with
respect to which no speclal means of observation has
been used, and whose light does not reach us under
thirty years. .

** *On passing from certain results to those which
have only great probabi.ity, show that, according to
all appearance, certain stars conld be visible several
millions of years after having been ‘destroyed ; for
the light which Is emitted by them takes many mill-
ions of years to traverse the space which separates
them from the Earth,’

* Such was, gentlemen, shortened, and only with
few modifications in figures, the counsel given by
Euler. The advice wasfollowed ; instead of the world
of fable, the minister presented the world of sclence.
Eauler waited for his friend with impatience. He ar-
riveG at last, with dull eye and in a manner which
appeared to indicate despair. The geometer, very as-
tonished, cried out, * \WWhat has hal()ipened?'

‘“* Ah! Monsleur Euler,' replied the minister, I
am very uuhap%?r; they have.forgotten the respect
which they owed to the sacred temple, they have ap-
plauded me.'"’

The scientific world was a hundred orbits
greater than the world which the most
ardent imaginations had dreamed of. There
was a thousand times more poetry in the
reality than in the fable.

1IL
INFINITE SPACE.

THERE are truths before which human
thought feels ijtself humiliated and per-
plexed, which it contemplates with fear, and
without the power to face them, although it
understands their existence and necessity : -
such are those of the infinity of space and -
eternity of duration. Impossible to define,
for all definition could only darken the first
idea which is in us, these truths command
and rule us. To try and explain them
would be a barren hope ; it suffices to keep
them before our attention in order that they
may reveal to us, at every instant, the im-
mensity of their value. A thousand definitions
have been given; we will, lowever, neithef
quote nor recall one of them. But we wish
to open space hefore us and employ our-
selves there, in trying to penetrate its depth.
The velocity of a cannon-ball from the mouth
of the cannon makes swift way, 437 yards
per second. But this would be still too slow
for our journey through space, as our ve-
locity would scarcely be 900 miles an hour.
This is too little. In nature there are move-
ments incomparably more rapid, for in-
stance, the velocity of light. This velocity
is 186,000 miles per second. This will do
better ; thus we will take this means of
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transport. Allow me, then, by a figure of
speech, to tell you that we will place our-
selves on a ray of light and be carried away
on its rapid course, : §
Taking the Earth ag our starting-point, we
will go in a straight line to any Eomt of the
heavens. We start. At the end of the first
second we have already traversed 186,000
miles ; at the end of the second, 372,000.
We continue. Ten seconds, a minute, ten
minutes have elapsed—111,600,000 miles have
heen passed. Passing, during an hour, a
day, a week, without ever slackening our
pace, during whole months, and even a year,
the time which we have traversed is already
so long that, expressed in miles, the number
of measurement exceeds our faculty of com-
prehension, and indicates nothing to our
mind : they would be trillions, and millions
of millivns. But we will not interrupt our
flight. Carried on without stopping by this
same rapidity of 186,000 miles each second,
let us penetrate the expanse in a straight line
for whole years, fifty years, even a cen-
tury. . ‘Where are we? For a long
time we have gone beyond the lust starry
regions which are seen from the Earth, the
last that the telescope has visited ; for a
long time we travel in other regions, un-
known and unexplored. Nomind is capable
of following the road passed over; thou-
sands of millions joined to thousands of mill-
ions express nothing : at the sight of this
prodigious expanse the imagination is
arrested, humbled. Well! this is the won-
derful point of the problem : we_have not
advanced a single step in space. 'We are no
nearer a limit than if we had remained in
the same place ; we should be able again to
begin the same course starting from the point
where we are, and add to our voyage a voy-
age of the same extent ; we should be able to
join centuries on centuries in the same itin-
erary, with the same velocity, to continue the
voyage without end and without rest; we
should be able to guide ourselves in any part
of space, left, right, forward, backward,
above, below, in every direction ; and when,
after centuries emploi'ed in this giddy course,
weo should stop ourselves, fuscinated, orin de-
spair before the immensity eternally open,
eternallgarenewed, we should again under-
staund that our secular flights had not meas-
ured for us the smallest part of space, and
that we were not more advanced than at our
sturting-point. 1n truth, it is the infinite
which surrounds us, as we before expressed
it, or the infinite number of worlds. We
should be able to float for eternity without
ever finding anything before us but an eter-
gm%lly open infinite.
ence it follows that all our ideas on space
have but a purely relative value. When we
say, for instance, to ascend to the sky, to de-
scend under the earth, these expressions are
false in themselves, for being situated in the
bosom of the infinite, we can neither ascend
nor desoend : there is no above or below ;
these words have only an acceptation rela-
tive to the terrestrial surface on which we

live.

The universe must, therefore, be repre-
sented as an expanse without limits, without
shores, illimited, infinite, in the bosom of
which float suns like that which lights us,
and earths like that which poisés under our
steps. Neither dome, nor vaults, nor limits
of any kind ; void in every direction, ‘and in
this infinite void an immense quantity of
worlds, which we will soon describe.

Iv.
GENERAL ARRANGEMENT OF THE UNIVERSE.

Stars are Distributed in Clusters.

Ix the bosom of infinite space, the unfath-
omable extent of which we have tried te
comprehend, float rich clusters of stars, each
separated by immense intervals, We shall
soon show that all the stars are suns like
ours, shining with their own light, and foci
of as many systems of worlds. Now the
stars are not scattered in all parts of space at
hazard : they are grouped as the members of
many families. 1f we compared the ocean
of the heavens with the oceans of the Earth,
we should say that the isles which sprinkle
this ocean do not rise separately in all parts
of the sea, but that they are united here and
there in archipelagoes more or less rich. A
Power as ancient as the existence of matter
presided at the creation of these isles, each
archipelago of which contains a great num-
ber ; not one among them has risen sponta-
neously in an isolated region ; they areall col-
lected in tribes, most of which count their
members by millions.

These rich groupings of stars have received
the name of ‘ Nebule.”” This name was
given at the time of the invention of astro-
nomical lenses, when these starry tribes were
distinguished only under a diffused, cloudy
aspect, which did not enable the eye to dis-
tinguish the composing stars. This appear-
ance not revealing in any way the idea of
solar clusters, it was thought that they were
only phosphurescent, cosmical vapors, whirl-
winds of luminous substance, or pussibly
primitive fluids, whose progressive conden-
sation would in the future effect the forma-
tion of new stars. They were thought to as-
gist at the creation of distant worlds, and
sometimes, in remarking their different
degrees of luminosity, people thought they
could infer their relative ages, as in a forest
the age of trees of the same species may be
known on approach according to their size
or the concentric circles which are formed
each year under the bark. /Thus the first
nebula observed by the aid of the telescope and
pointed out as an object of particular nature,
the nebula of Andromeda, was considered for
three centuries and a half as entirely de-
prived of stars. Simon Marius of Franconis,
who from a musician became an astrono-
mer——very compatible tastes, moreover—de-
scribing this oval and whitish appearance,
which, more brilliant at the centre, became
fainter at the edges, said that it rezembled
‘“ the light of a candle (candela) seen at a



56 THE WONDERS OF THE HEAVENS.

distance through a sheet of horn.”” Only a
few years ago a Cambridge astronomer
counted within the limits of this nebula 1500
little stars, notwithstanding which, the cen-
tre still keeps the aspect of a diffused light,
in spite of the best instruments. Later, the
astronomer Halley thought no more of the
star-clusters. *‘ In reality,”” he states, these
spots are nothing more than ]ight coming
from an immense space situated in the re-
gions of ether, filled with a diffused and lu-
minous medium by itself.”” Others, again,
imagined that at that spot the brightness of
empyrean heaven was seen through nn open-
ing in the firmament. Derham said this, the
author of astro-theology. But when optical
instruments were perfected, this appearance
of diffused light was transformed into a brill-
iant dotting ; in proportion as the power of
the telescop¢ became more seﬂrching, the
number of apparent nebule diminished, and
at present many of those which in Galileo’s
time were regarded as cosmical clouds aré
resolved into stars. To be just, it must be
added that in revealing the stellar compo-
sition of the first nebule, the telescope
showed others whose nature has only quite
recently been found out ; these nebule re-
main in an indistinct state, not only on ac-
count of their prodigious distance, but be:
cause they are composed of vast cloud
masses of glowing gas.

Thus, infinite space must be represented

Fig. 2.—Cluster in the Centanr.

as an immense void in the bosom of which
are suspended archipelagoes of stars. These
archipelagoes are themselves of infinite num-
ber, the stars which compose them can be
counted by millions, and from one to the
other the distance is incalculable, They are
distributed in space in every direction, in
every sense, following every imaginable
course, and themselves invested with every
possible form, as we shall soon see.

One of the most remarkable and regular
nebule, and the one that may at the same
time serve best for illustrating the arguments

Fig. 3.—Globular Clusters.

vhich precede, is the nebula in the Centaur,
We shall etudy farther on the aspect of the
constellations and the most simple method of
finding celestix] objects most worthy of our
attention. This nebula is presented under
the following aspect in the field of a good
telescope.

With the naked eye it is with difficulty
distinguished as a point of faint light ; in the
telescope it is seen as a prodigious number of
stars strongly condensed toward the centre.
This condensation is a manifest proof that
the cluster of stars is not only circular, but
also spherical. One instant of attention
sufices indeed to show that if we look at &
sphere of stars at a distance, the visual ray
will pass through less if it look at the edges
of the sphere than if it look at the centre,
and will meet with fewer stars on its passage
toward the borders than toward the centre

In proportion as this visual ray gets

nearer the centre its part comprised in

the sphere will become longer, and the

number of stars which it will meet goes

on increasing. The maximum will be

at the very centre. It was this optical

effect which induced the belief in a con-
densation of nebulous matter. Halley dis-
covered this cluster in 1679, while he was
working at the catalogue of objects visiblé
ip the Southern heavens. ‘

The limits of this cluster are not so clearly
defined as in those which have particularly
received the name of globular. Fig. 8 rep:
resents some types chosen from the %atter.

Of those star-clusters the first are certainly
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Fig. 5—Anpular Nebule.

spherical ; others elon%ated, the thickness of
which we see gradually diminished. These
are probably also circular, but flattened in
the form of lenses ; imstead of being present:
ed to us in front they are seen edgeways.

At the sight of these globular masses one
way ask with Arago, What is the number of
stars contained in eome of these clusters?
The astronomer himself replied to his ques-
tion. 1t would be impossible to count in de-
tail and accurately the total number of stars
of which certain globular nebule are com-

bosed ; but one may be able to arrive at
~ limits. In calculating the angular space of
the stars situated near the edges, that is to
say, in the region where they do not project
on each other, and comparing them with the
total diameter of the group, it is certain that
& nebula, whose apparent superficial extent

/

1s scarcely equal to the tenth of that of the
lunar disk, does not contain less than 20,000
stars ; this is the minimum. The dynamic
conditions proper to insure the indefinite pres-
ervation of a similar multituc\ of stars does
not seem easy to imagine, adds the celebrated
astronomer. Supposing the system at rest,
the stars in time will fall on each other.
Giving it a rotatory movement round a sin-
gle axis, shocks will inevitably take place.
After all, is it certain d préors that the glob-
uiar systems of stars must be preserved in-
definitely in the state in which we now see
them ?

The examination of changes which have
taken place in other systems led to the belief,
on the contrary, that there is nothing infi-
nitely stable there, and that movement gov-
erns these clusters of suns, as well as it gov-
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" Fig. 6,—Nebala in the Lion,

€rns each oL ine Suars, aau eaca ou vhe little
worlds which revolve round them.

The most regular nebule are not the most
curious ; notwithstanding, the aspect of
some of them leaves a certain wonder in the
mind. " There are star-clusters which, in-
stead of being condensed in an immense
globe, are distributed in a crown, presenting
the appearance of a circular or oval nebuls.
but hollow at its centre. Two types of Lais
kind are represented in Figs. 5 and 6.

The first is the perforated nebula of Lyra ;
the second is that of Andromeda. In the
one, the magnificent telescope or Lord Rosse
shows dazzling borders of stars close to-
gether, and luminous fringes notching the

Fig. T.—~Crab Cluster in the Bull

outer edge ; in the other, two suns, symme’
rically p%aced on one side and the other o:
the ellipse, appear destined to the govern
ment of this system in its passage through
space. rerforated nebule, says A. de Hum-
boldt, are one of the rarest curiosities. Thar
of Lyra is the most celebrated ; it was dis-
covereq in 1779, at Toulouse, by Arquier, at
the time when the comet pointed out b

Bode approached the region that it occupied.
1t is about the apparent size of the disk o\
Jupiter, and forms an ellipse, its two diame-
ters being in the ratio of four to five. The
interior of the ring is not dark, but slightly
luminous. The hollow space is, however, of
& very deep black ip the beautiful perforated



THE WONDERS OF THE HEAVENS.

nebulze of the Southern hemisphere, Al
sre probably star-clusters in form of rings.

The interesting nebula sketched on 58th
page (Fig. 6) will serve us as a transition be-
tween the regular and irregular nebul®; it
is the elliptic annular cluster in the Lion.
It appears to possess a central nucleus of
great condensation, This nucleus is envelop-
ed with concentric spheres, more or less
filled with stars, separated from each other
by spaces, and these envelops succeed each
other along a great axis, getting farther from
the centre, diminishing in extent equally on
all sides, as far as the point where they fade
away in a cone.

V.

CLUSTERS AND NEBULZE—(CONTINUED).

In proportion as the magnifying power of
telesqopes is increased, the contour of these
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Fig. 9.—Sobieski’s Crown.

star-clusters, like their interior aspect, pre-
sents itself under a more and more irregular
form. Such of these objects which for-
merly appeared purely circular or elliptical
have since showed great irregularlity in
their form as well as in the degree of their
lun}lposnr In the place where pale and
whitish clouds gave out a calm and uniform
light, the giant eye of the telescope has dis-
covered alternately dark and luminous re-
gions, The figures we are about to give all
tend to support this remark; others confirm
it in a still more striking manner. For in-
stance, there is in the zodiacal constellation
of the Bull a uniform and oval nebula,
which does not present the least singularity
in instruments of small power; but when
Lord Rosse pointed his telescope to it for the
first time, he could not resist immediately

%iving it the singular name of the Crab nebu-
a,whichits form alone suggested. The ellipse
was changed into a fish ; the anteon®,claws,
and tail were depicted on the black sky by
a white outline, formed by long trains of sturs.
There are irregular clusters and nebule of
every possible shape, and of the thousands
which have been already observed, de-
scribed, and sketched, no two ¢f them have
been found to resemble each other. They
take the most extraordinary forms. Some
present the aspect of real comets ; the nucle-
us is accompanied with a large tail and long .
luminous train : thesearein the Unicorn, the
River Eridanus, and the Great Bear; and
especially that in the Ship Argo, in which is
again found the classical type of the most reg-
ular comets. Others, like that in Orion,
most celebrated by the study which has dis-

.« tinguished it, or like that of the Magellanic
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Fig. 10.—~Dounble and Multiple Nebuice,

Clouds and in the Ship (7). appear like im-
mense vaporous clouds tossed about by some
rough winds, pierced with deep rents, and
broken in jagged portions. Another, again
{that in the ox), resembles the dumb-bells
which gymnasts lift up to exercise the power
of the arms; that in Sobieski’s Crown de-
scribes on the page of heaven the last capital
of the Greek alphabet, Q.

Other pebul® are grouped together, as if
two or three of these vast systems had united
their destinies, Many are double; we see
two spherical masses united by the diffused
glow which envelopes them, or they muay be
sepuarated by a slight angular distance, or
sometimes even inclosed in luminous con-
centric strata, like two eggs of snow in the
midst of a nestof light. Again, elsewhere, in
the Magellanic Clouds in the Southern hemi-
sphere, we see four circular nebulz arranged
at the four angles of a Jozenge, itself illumi-
nated with fine star-dust ; at one of the ex-
treme angles the nebula is itself divided into
four globes, su that in reality we have before
us an immense cluster of stars, of which the
extreme limits present seveh principal con-
densatioc.  But this is not all. Not only
do these distant systems, some of them peo-
pled with myriads of suns, take the most
varied forms, not only do they present a
diversity of aspect greater than it i8 possible
to imagine ; but some of them also unfold to
the astonished eye which contemplates them
varied shudes and real colors. One is of a
beautiful indigo blue; another is rose-
colored at its centre with a white border, an-
other again ¢mits magnificent sky-blue rays.
This coloring is produced by the actual color
of the stars which compose it.* Others have
been seen whose luminous intensity has per-
ceptibly varied ; the brightness of one of
them has faded to such a ﬁegree as to be ren.
dered completely invisible,

It is difficult to describe the impression
which the sight of these distant universes
makes on the mind wh-n oune sees them
through the wonderful telescopes of modern
times. The rays of light which reach us
from so far place us for the time in commu-
pication with these strange creations, and the
sentiment of terrestrial life anshed in the si-
lence of night seems governed by the influence
which celestial contemplation so easily exer-’
cises on the captivated soul. Eurthly things
lose their value, and one joins willingly with
the voice of the poet of the Irish Melodies :

*There’s nothing bright but heaven,
And false the "fht on glory’s plume,
As fading hues of even;
And Love and Hope and Beauty’s bloom,
Are blosgsoms gathered for the tomb ;
There’s nothing bright but heaven.”
One feels that, in spite of the unfathomable
distance which separates our abode from
these far-off dwellings, there are there lu-
minous foci and centres of movement : it is
not a void, it is not a desert ; it is ** some-
thing,”’ and this something suffices to attrsct
our attention and awaken our reverie. An
indefinable impression is communicated to us
by the stellar rays which descends silently
from unexplored abysses ; one feels it with-
out analyzing it, and the traces of it remain
ineffaceable, like those felt by a traveller
when he steps on strange lands, and sees new
skies above his head. This is described by
the illustrious author of ‘‘ Cosmos,’’ when he
presents the Magellanic Clouds, vast nebuls
close to the Southern pole, as a unique object
in the world of celestial phenomena. ‘‘ The
magnificent zones of the Southern heavens,
comprised between the parallels from fifty
and eighty degrees, are the richest in nebu-
lous stars and irreducible nebulous clusters.
Of the two Magellunic Clouds which lie near
the Southern pole, this pole so poor in stars
that it might be called a waste country, the
jargest especiully appears, according to re-
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Fig. 11.—8piral Nebuia in the Constellation of the Hunting Dogs.

cent researches, to be a wonderful agglomera-
tion of ssherical clusters of large and small
stars, and irreducible nebulse, whose general
brightness lights up the field of sight and
forms the background of the picture. The
aspect ot thege Clouds, the brilliant constel-
lation of the Ship Argo, the Milky Way,
which extends between the Scorpion, Cen-
taur, and Cross, and the picturesque aspect of
the whole Southern sky, have produced ot
my mind an ineffaceable impression.”” Nev-
ertheless, the most magnificent and eloquent
aspect of the nebuls has not yet been reveal-
ed to us by those which precede. To form
an idea of the importunce of these objects,
and to appreciate their value, from the space
which they occupy, also from the time
which has been neceseary for their formation,
‘we must see the splendid spiral nebule which
thg powerful telescope at Parsonstown un-
veils to us, and which in ordimary instru-

ments only present appearances similar tc
those we have already noticed.

Lord Rosse, indeed, was the first to dis-
cover that the vast systems of suns were
clustered, not only simply round a centre of
condensation, not only In masses more or
less regular, but according to a distribution
which reveals the existence of gigantic forces
in action among them. He observed some
immense agglomerations of which the com-
posing stars were distributed in long lines in
a general system of spiral curves,

rom the principal centre springs & mul-
titude of luminous spirals, formed of a num-
berless quantity of suns or nebulous masses,
shaping the resplendent nucleus, whence
they issue to be lost in the distance, imper-
ceptibly parting with their brightness, and
dying away as trains of phosphorescent
vspors. A secondary nucleus brings up on
one side the extremitiesof thelongest spirals.
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There are splendid-bands of constellated
light, terminated with two rounded nodes.
This rich spiral nebula belengs to the con-
stellation of the Hunting Dogs. Before the
discovery due to the powerful telescope
which removed the veil with which it was
enveloped, the best instruments only showed
it a8 a single ring, one half of its contour
surrounding a very bright globulur nebulx at
its centre. Beyond the ring was noticed a
second very small round nebula. Necver was
chapge of form more manifested between the
aspects revealed by telescopes of different
powers. Toimagine the myriads of centu-
ries necessary to the formation of these im-
mense systems would be a vain undertaking.
It is with slowness that nature accomplishes
its most tremendous operations. In-order
that cosmical matter or the prodigious as-
semblage of so many stars could be distribut-
ed according to the curves revealed by the
telescope, and winding round each other in
giguntic spirals under the governing action
of the combined attraction of all parts which
compose this universe, it would require an
incalculable series of accumulated years to
pass away. Here especiully it is truth to say
that the luminous rays which descend from
those distant creations are to us the most an-
cient testimony of the existence of matter.

The spiral nebula of the Hunting Dogs is
not the only one of this form. In the constel-
lation of the Virgin, Lion, und Pegasus, we
also admire gimilar systems. That in the
Virgin, situated in the central ring of Fig.
12, is presented under the aspect of the
‘“ wheels’’ that we see in fireworks; from
the luminous centre white trains of light
wind round, all guided and curved in the
same direction ; dark spaces separate them
and give more clearness to the sketcbing of
their direction. That in the Lion presents a
series of oval concentric zones enveloping
the centre, also more luminous ; numerous
stars shine out in the centre. The spiral
nebula of Pegasus, marked with a beautiful
star at its central point, is circular, and com-
posed of circles alternately dark and lumi-
nous ; on one side the circumference is cut by
a tangent, 4 wide line of light longer than the
nebula itself to which this appears to be at-
tached, like the little silken nests of insects
on branches. In writing these lines I am
reminded of the year 1702, in which a maker
of systems wrote a large book proving that
the universe is a large spiral. According to
him, God was placed at the centre of the
heavens ; from this centre He would com-
muunicate with all other created héings by an
infinity of spiral lines directed toward the cir-
cumference. Sun and worlds, bodies and
spirits, all would move in a spiral. If this
singular author were afaiu born in our day,
with what delight would he seize our spiral
nebule to illustrate his thesis |

Nebul® are not uniformly spread in all
regions of the sky. On the starry sphere
vast localities muy be observed where no
nebula is visible, while, in other parts, they
appear really heaped up.

The richest region of the heavens is in the
following group of constellations, which will
soun he recognized - the Great Bear, Cassio-
pea, Berenice’s Hair, the Virgin. In the
zodiacal region, near the Virgin, in an hour
may be seen more than three hundred neb-
ul® ; while, in the opposite region, » hun-
dred would not be met with. The spaces
which precede or follow nebul® contain few
stars. Herschel found this rule constant—so
constant, in fact, that each time during a cer-
tain period no star was brought in the field
of his immovable telescope by the movement
of the heavens, he used to say to his secre-
tary who assisted him, ‘‘ Get ready to write ;
nebule are coming.” ;

From this fact, namely, that the spaces
poorest in stars are near the richest nebule,
and from the other, that stars are generally
more condensed toward the centre of nebule,
follows a confirmation of what wesaid before
on the incessant work of many .centuries
which would be required to elaborate these
systems. Theie is nothing astonishing that
these powerful unions were formed either at
the expense of the surrcunding cosmical

‘matter, destined to he condensed in stars, or

at the expense of the stars themseélves, and
that the spaces which surround them resem-
ble vast deserts or regions laid waste.

Vi. ;
"’ THE MILEY WAY. 3

WE have seen thut the universe is formed
of clusters and nebule, spread in the immen-
sity of space, at every imaginable depth and
in every possible direction. But then, it
there are only nebule in space, and if no
heavenly body is isolated from these clusters,
our Earth, then, forms part of a nebula,
The inhabitant of the terrestrial globe, then,
finds himself also in the bosom of one of
those immense clusters of stars which con-
stitute the archipelagues of the' celestial
ocean. And we do not, therefore live, as
appearances lead us to suppose, beyond this
starry creation which shines over our heads.
In a word, if all the celestial -bodies are
united in groups, the Earth,then, also belongs
to a group of stars, and a cluster.

Yes. e Earth, like all the stars, forms
part of a cluster 1 It is not isolated in the
deserts of the infinite ; it is not an exception
to the general law. The Earth, like the
planets which are near it, belongs to the
Sun. This Sun represents them in the uni-
versal numbering of the stars, for neither
Earth nor planets count in the number of
these splendors, and this Sun is one of the
stars composing an immense nebula,

The Sun is but a stur! This assertion
seems astonishing at first sight, on account
of the illusions produced by the senses.
The torch of our light, the focus of heuat, the
ruler of terrestrial life, appears to us under
the legitimate prestige of its own power, and
we bow to it as the prince of stars, as the
first among the great ones of the heavens.
And for us, indeed, it supremely deserves
these titles, and all those which our just
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Fig. 12.—Spiral Nebula in the Virgin.

knowledge pleases to attribute to it. Dut if
we consider- it superior to the stars, if we
find it more important, more maguificent,and
more necessary, it is only because we are
nearer to it, because in reality we are its ten-
ants, its subjecis, and that, contrary to that
which happens on Earth, we recognize with
delight the superiority of our master in the
celestial realm. Belonging to him, we live
at his expense, real parasites, and without
him we should fall at once into the shades of
death. To thank him and recognize his
power is only just. Nevertheless, to judge
things from an absolute point of view, we

must rise above any particular dependence

which may oppose the justice of our judg-
ment, like him who, placed in the interior of
an edifice and wishing to ascertain the rank
of this edifice in the town, goes to a distance
from it, and, placing himself on high
ground, compares the various edifices with
each other ~We must, in the sume way, put
aside solar rule, and trunsport ourselves in
spirit to a distant point in space, whence we
should be able to determine the rank occu-
pied by our Sun in the sidereal world.

Now, on getting farther from the Sun
toward any point in space, we shall sec the
Sun diminish in size and lose the importance
which appeared to be his privilege. When
we reach the limits of his system, he will
then only present the aspect of a large star.
On getting still farther away, we shall see it

descend to u simple star. Lastly, if we go
toward any star in the heavens and continue
to watch the decrease of the Bun which
sinks behind us in the depths of space, it
will become a small star soon lost in the mul-
titude of others; the one we are approach-
ing will lose, on the contrary, its small aspect,
will increase, shine out, and get larger in
proportion as we approach it, and will be-
come a real sun, not less important than
ours by its luminous and calorific power, and
by the gifts its distributes to the planets of
its domain, .

Passing beyond this new sun and continu-
ing our path, we shall behold an analogous
transformation of others stars into suns ; all
those toward which we shall pass succes-
sively will appear to us under this aspect,
thus showing that they shine with their own
light and are so many planetary foci.
Lastly, when we shall have crossed these
starry plains, we shall reach shores where
the suns are more scaree, and soon, a desert
void of stars,

To the thousand millions and thousand
millions of miles we have just traversed, let
us again add a certain quantity of thou-
sands of millions, and we shall soon arrive
at a favorable point for estimating the abso-
lute rank of our Sun. Let us then suppose
that we at last reach the point from which
we see the suns constituting our cluster, and
then returning by the way we came, wc

- J
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should find out what place our Sun occupies
in the army of stars that we have left behind
us,

It is there only that we can judge well of
things. Now, this is what appears to us.
All the stars which people our starry nights
are inclosed in a narrow space, and we
notice—now that we are beyond them—that
they form a cluster ofitsmall bright points,
and that they resemble an isle of lights sus-
pended in space. In a word—and this is the
point to which we wished to arrive—they
form a cluster. 'This cluster is isolated ; its
limits are clearly enough defined, and no
group, no star, shines in the space which sur-
rounds it. It is marked out in the darkness
in Fig. 13.

This is the nebula in which we live ; this
is the abode of our solar world. In what
part of itare we? The question is at least
curious, and, from the spot, where we are
placed to observe the star-cluster of which
we form part under its true aspect, the best
instruinerts would not succeed in distinguish-
ing our little Sun. But it is not always nec-
essary to sce people in order to guess where
they are. This is why we are able to travel
toward the centre of the nebula, and, not far
from the line which separates the zone into
two layers, to observe a little point. This
point is the place occupied by our Sun. The
Earth and plaunets are with him ; but, since
it is irupossible to distinguish the Sun in the
midst of this multitude,d fortiori, the utter im-
possibility of perceiving the slightest vestige
of the existence of our planetary system will
be manifest.

If we live thus in the middle region of a
rich nebula, how is it, it may be asked by
curious minds, how is it that we cannot dis-
tinguish it, and that our clear nights present
around us a sky purely and splendidly
starry ? Is it then necessary to go away so
many thousand millions of leagues from the
Earth to know where it is placed? And if
that is necessury, how has it been known ?

No : this is not necessary, as the position
is known. From the surface of our sphere
we observe the sky, and we see that all
around us a large nebulous circle envelopes
our globe. We are ourselves near the centre
of this circle, and each night displays over

Fig. 13.—The Milky Way.

our heads a whitish band of.dense stars con-
tinually surrounding us. This collection of
stars, it has already been guessed, is the
Milky Way.

The Milky Way, this wide irreguiar ribbon
of stellar clouds which crosses the.sky in all
its width, is indeed nothing more than the
greatest length of this immense lens of stars
to which we belong. If the whole sky dues
not appear nebulous in every direction, it
is precisely because the nebula to which we
belong is not spherical, but of a lenticular
form, and that in the thickness of the lens
there is less depth and fewer stars than in
the direction of the diameter. From the
spot on which we are placed, if our sight
pass through the greatest length, it meets
stars on stars indefinitely, because there is an
immense expanse from the point where we
are to the edges of the flattened nebula. But
if our sight turn aside from the equatorial
plane toward the sides, it meets with fewer
stars as it gets farther distant, and on reach-
ing the polar diameter, scarcely any more
will be met with, There are thirty times
less stars in these regious thau in those near
the equatorial plane of the clustcr,

All the stars which spaikle in the sky dur-
ing a dark night belong to a single cluster, to
a single nebula, the Milky Way marking its
longitudinal direction. The stars are not is-
olated in an absolute manner, at random, in
the deserts of space; they form part of a
whole ; the Sun which lights usis one of
them ; and they are counted by millions in a
gigantic group, analogous to the distant
clusters of which we have already spoken.
Instead of only seeing a diffused glimmer,
an indistinct light in the Milky Way, the
telescope separates the stars which compose
it and shows that it is formed of an innumer-
able multitude of stars very irregularly con-
nected.

The idea which we must form of the
Milky Way is then very different from that
which appearances present to us, and from
that with which the ancients contented
themselves. From the beginning of ages,
from the first observations of an elementary
astronomy, this semi-luminous train whieh
crosses the sky was noticed, and the ruling
mythology adorned it with images.
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‘William Herschel, with the powerful tele-
scope made with his own hands, resolved,
toward the end of the last century, to count
the stars comprised in this zone : he address-
ed himself to his task and divided his work
into portions. His long perseverance was
crowned with success. By a careful com.
parison of the parts where the condensation
of stars attains its maximum with those
where it attains its minimum, and by an
examination of the extent occupied by these
immense rings, the great observer found that
the Milky Way did not inclose less than
eighteen millions of stars |

Eighteen millions of starsin the equatorial
stratum of the lenticular nebula to which we
belong : this is rot the total number of which
it is composed, as this does not refer to the
lateral portions of this gigantic mass, and all
the stars of the heavens situated on one side
and on the other of the plane of greatest
condensation are not included in this enu-
meration. We shall see farther on, in the
chapter devoted to the study of the stars,
that the total number of the members of this
populous tribe is much greater still than
eighteen millions. What is the real extent
occupied by this collection of suns? The
. number of stars which compose it, and the
relative distances from each other, comprises
for this extent a number which the mind
cannot well receive without being prepared
for it, a number which it cannot appreciate
without making great efforts to grapple it. I
will not give the distance in leagues, because
an immense continuation of leagues exceeds
the limits of even the vision of the mind ; it
is better to take the measure used constantly
for astronomical units. Now, the extent of
the Milky Way, at its greatest length, would
be measured by a ray of light which, travel-
ling 186,000 miles per second, wauld travel
in a straight line and without stopping for
fifteen thousand years.

Thus, as we are ourselves near the centre
of this nebula, when in the field of a power-
ful telescope we observe the little distant
stars situated in the depths of the Milky
Way, our retina receives the impression of a
luminous ray, which started seven or eight
thousand years ago from a sun analogous to
ours, and forming part of the same group.

If such be the extent of the nebuls of
which we are an infinitesimal constituent
part, are not the other nebule scattered in
space also as rich and vast ; or rather, is our
nation privileged, and does it exceed the
others in richness or in extent ?

There is no reason to stop at this lust idea,
as a remnant of vanity would be perhaps
able still to suggest to us, to make up a little
for the mediocrity of the natural rank which
we hold. The Milky Way is not unique;
many of the nebule of the universe are so
many Milky Ways, more or less similar to
our own. Some may be less vast; others
may possibly be vaster still, seeing that, in
the domain of the infinite, space goes for
nothing, It is best for us, then, to take the
middle course, and to think that the pale and

diffused nebulee which seem to tremble in the
distance in unfathomable immensities, are
Milky Ways peopled with as many suns as
our own., But then as they appear so small
to us, they must necessarily be distant from
us. More distant, indeed ; for if we find out
at what distance we must remove our Milky
Way in order to reduce it to the limit of a
medium nebula, we find that we must remove
it to 834 times its length, a distance which our
agile messenger, a ray of light, takes a little
more than five millions of years to accom-
plish. Such is the distunce which may sep-
arate the gigantic clusters of suns, with
which the sidereal universe is composed, and
which hover in space suspended at all
depths of unfathomable immensity from
each other.

BOOK

SECOND.

L
THE SIDEREAL WORLD.

AccorpING to what has been previously
stated, we inbabit the midst of a vast nebula ;
its equatorial stratum, projecting itself ou
our sky, describes that cloudy zone known
under the name of the Milky Way. Our
Sun i3 one of the stars composing this gigan-
tic cluster, und all the stars which sparkle
during our silent nights form part, like him,
of this same tribe. This is, properly speak-
ing, our universe, The other nebule may
be considered by us as other universes,
foreign to this one, and which we have only
contemplated in order to give us a more dis-
tinet notion of the graudeur of creation, but
which we will henceforth leave in the unex-
plored immensity which they inhabit in the
midst of space. Descending from the great
to the small, proceeding from the whole to a
part, we will now embrace less vast propor-
tions ; we will pause at our sidereal uni-
verse, or, in other words, at the general de-
scription of the isles which constitute our
celestial archipelago.

‘We will not yet speak of the nature of the
stars, their distances, movements, or their
particular history ; before pursuing the
reality, it will be well for us to make a di-
gression on appearances. We are, however,
averse to appearances, and much prefer real-
ity’; but there are some of which we cam-
not avoid speaking, seeing that they form in
a certain way the surface of the things that
must be searched into, and it is necessary to
Eass this surface before reaching the interior.

ut when we agree that such and such a
phenomenon is only an appearance, there
will be no harm in ur studying it ; the im-
portant points to be understood and to avoid
confusion.

The stars appear scattered at random in
the heavens. In a fine starry night, when
our sight rises to these heights, a great diver-
sity in their brightness is noticed, and at the
same time an apparent disorder in their gen-
eral arrangement. This irregularity and the
number of the stars have prevented the pos-
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Fig. 14.—Constellation of the Great Bear.

"woan

sibility of giving to each of them a particular
name ; to recognize them and facilitate
study, the heavenly sphere is divided into
sections. The astronomy of the ancients,
says Franceceur, was contined to a few rough
distinctions ; they were at first contented to
name the planets and most beautiful stars,
and we have preserved this custom ; but
when they wished to study more carefully,
and wished to describe stars of less brilliancy,
they could only follow a method, the imper-
fection of which they acknowledged. They
were led like the naturalists who, to name
the species of the three kingdoms, unite un-
der a common name a certain number of
creatures which they afterward distinguish
from each other by a qualification, Astron-
omers have united the stars in differemt
groups, on which they havedrawn an animal
or fabulous being. To these groups or con-
stellations they gave names from fables, his-
tory, or the animal kingdom. These denom-
inations, consecrated by antiquity, are quite
arbitrary ; and unless imagination itself cre-
ates images, as it sees pictures in the ever-
changing contours of the clouds, we must
not endeavor to find in the groups of stars
anything which might recall the figure or
imitate the image of the objects whose name
the constellation bears. The necessity of
being guided on the seas obliged man to
choose in the heavens invariable signs by
which he could direct his course, and this is

the historical origin of the constellations.
The ancients formed representative maps
of the heavens, and from the time of Hippar-
chus, the Greek astronomer, they were able
to class the stars, distinguishing them accord-
ing to_ their brightness, in the positions oc-

tupied by each of them on these figures,
t was necessary to fix on a method to find

& particular star easily, in the midst of such
a great number (four to five thousand) as is
distinguished with the naked eye. The first
origin of the constellations is unknown ; but
it is imagined that they were established suc-
cessively. The Centaur Chiron, Jason'’s pre-
ceptor, has the reputation of having first
divided the heavens on the sphere of the
Argonauts ; but Job lived before the time
when the precedent is placed, and this proph-
et then spoke of Orion, the Pleiades, and
Hyades, three thousand three hundred years
ago. Homer also speaks of these constella-
tions when describing Vulcan’s shield :
¢ And on its surface many a rare desiign

Of curious art his practiced gkill had wrought,

Thereon were fi d earth, and sky, and gea,

The ever-circling sun, and full-orbed moon,

And all the signs that crown the vault of heav'n ;

Pleiads and Hgyx;ds, and Orion’s might.

And Arctos, call’d the Wain, who wheels on high

His circling course, and on Orlon waits ;
Sole star that never bathes in th’ ocean wave.”

The same mythological divisions are used
in the present day. Since the establishment
of Christianity there have been many efforts
to reform this pagan system, and to replace
it by Christian denominations. In the plani-
sphere of Bede, St. Peter is substituted for
the Ram, St. Andrew for the Bull, etc.
From these attempts, no name escapes ;
David’s chariot, Solomon’s seal, the three
Magi kings, or Jacob’s rod, etc., date the
highest. Later still, a German proposed to
give to the twelve signs of the ZO(E&C the her-
aldry of the twelve most illustrious houses of
Europe. These singular efforts remained
sterile, and the mythological reign has con-
tinued until the present day.

As great diversity has been noticed in the
brightness of stars, in order to facilitate their
indication, they have been classed in order
of magnitude. This word ‘‘ mugnitude” is
improper, seeing that it has no relation to

, the dimensions of the stars, these dimensions

being still unknown to us; it dates from a
period when it was believed that the bright-
est stars were the largest, and this is the
origin of the denomination ; but it is impor-
tant to know that this is not its real sense.
It simply corresponds to the apparent bright-
ness of the stars. Thus, stars of the first
magnitude are those which shine with the
greatest brighiness in dark nights ; those of
the second magnitude shine less, etc. Now
this apparent brightness belongs both to the
real size of thestar, its intrinsic light, and its
distance from the Earth ; consequently, it
only possesses an essentially relative mean-
ing. Nevertheless it may be said generally
that the brightest stars are nearest, that
those whose pale flimmer is scarcely distin-
guished in the field of the telescope are more
distant.

Thus, when we shall speak of the magni-
tude of stars, it is to be understood that we
refer simply to their apparent brightness ;
this brightness greatly facilitates the means
.1 distinguishing them among the constella-
tions. There is now another fact which is
not less important to consider as relative,
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and not as absolute ; this s the arrangement
of the stars or forms of the constellations.
We know already that the sky is not a con-
cave sphere i which bright nails are fast-
ened, and that there is no kind of vau!b—-onli‘:
jmmense, infinite void surrounding the Eart
on all parts, and in every direction. We
know, also, thut the stars, suns in space, are
scattered at every distance in the vast im-
mensity. When, then, we notice two stars
close together in the sky, their apparcnt
proximity does not in any way prove their
real proximity: they may be very distant
from each other, in the direction of vision, at
a distance equal to or greater than that which
separates us from the nearest one. In a
similar way, when four, or five, or more
stars are united in the same group, this does
not imply that these stars, forming the
same constellation, are on the same plane and
at and equal distance from the Earth. By no
means, Dispersed at all depths of space, all
around the terrestrial atom, the arrangement
which they display to our eyes is only an
appearunce caused by the positlon of the
arth with regard to them, Pl‘his is purely a
matter of perspective. When we find our-
selves during the night in the midst of alarge
open space (for instance, the Place de 1a Con-
corde) in which numerous gashghts are dis-
persed, it is difficult for us to distinguish, at
a certain distance, the most remote lights
fron those which are less so : they all appeat
~ to be prujected on the dark ground ; more-
. over, their general arrungement depends
purely on our point of view, and varies ac-
cording as we ourselves walk away or
across. This simple comparison may make
us understand why the stars, lights in the
dark space, do not reveal to us the distances
which may really separate them, and why
their arrangement on the apparent vault of
the sky depends only on the spot where we
place ourselves to examine them. On quit-
ting the Earth’s surface and transporting
ourselves to a'spot sufficiently distant, we
should witness, in the apparent arrangement
of the stars, a variation as much greater as
our station of observation would be more
distant from our previous one. For this it
would be necessary to transport ourselves,
not only to the last planets of our system,but
beyond this system entirely, and to go to dis-
tances at least equal to those of the nearest
stars. Indeed, from Neptune, the last planet
of our system, the stars are seen in the saume
arrangement as from here. The change is
only seen in quitting one star for another.
One moment’s reflection suffices to convince
us of this fact, and to relieve us from further
explanation on the subject.
hese illusions once appreciated at their
right value, we may, without fear, begin the
description of tle figures with which old
fables have constellated the spheres. The
knowledge of the constellations is necessary
for the observation of the heavens and for
researches which love of science or curiosity
may inspire ; without it one tinds one’sself in
an own country without any geography

or possibility of discovering our where
abouts. Let us, then, form the geography o
the heavens. The innumerable figures of
animals, men, or objects, with which the
sphere is adorned, will not, however, be
drawn here, seeing that they would only
serve to confusé the mind with imaginary
lines, Formerly they printed celestial at-
lases, where the figures were represented
with exquisite care, so much so, indeed, that
they ended by forgetting the stars, and the
sky was nothing more than a mena, rie. In
spite of the interest of the images, 1 wiil not
follow this example. I will only give farther
on, on a special map, the drawing of the con-
stellations visible in our hemisphere. At
resent, let us see how to direct our course
or reading correctly the great book of the
heavens. :

There is one constellation known to every
one ; for greater simplicity we will begin
with it, as it will serve us as a starting-point
to go toward the others, and as a sign to
ﬁn(% its companions. This constellation is
the Great Bear, which has also been called
David’s Chariot, or Charles’s Wain ; which
the ancients calied Septem triones (whence
came the word septentrion), or again, Heliz
Plaustrum ; which the Greeks addressed
under the name of "Apkros ueydizn, A3, etc.,
which the Arabs called Aldebd ol Akbar, and
the Chinese, three thousand years ago, ad-
dressed as the Zcheou-pey, the god of the
porth. Thus it can boast of a high celebrity.
1f, however, in spite of its universal notori-
ety, some have not yet had occasion to make
its acquaintance, the following is the sign by
which it may always be recognized. Turn
toward the north, that is to say, opposite the
spot where the Sun is at noon. Whatever
may be the season of the year, the day of the
month, or hour of the night, you will always
see there a large constellation formed of
seven stars, four of which are quadrilateral,
and at an angle with the side ; the whole
arranged as iu Fig. 14.

Have you not all seen it? It never sets.
Night and day it watches above the northern
horizon, turning slowly in four-and-twenty
hours around a star of which we shall speak
presently. In the figure of the Great Bear
the three stars of the extremity form the tail,
and the quadrilateral forms the body. In
the Chariot the four stars form the wheels,
and the three the car. Above the second,
between these latter, good sights distinguish
a very small star called Alcor, which is also
called the Cavalier. The Arabs called it
Saidak, which means the proof; because they
used it to test a goud eye. Greek letters are
used to denote each star ; they are the first of
the alphsbet; ¢ and 8 mark the two first
stars, y and J the two others, ¢ ¢, », the
three of the car; Arab names have also
been given to them, but I shall pass over
lhegl in silence, as they are not generally
used.

This brilliant septentrional constellation,
composed (with the exception of d*) of staxrs
of the second magnitude, has received from
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Fig. 15,—Great Bear, Little Bear, Pole Star.

olden times the gift of captivating the atten-
tion of observers, and personating the stars
of the north. Many poets have sung its
praises; we will only repeat in prose one—
the words being worthy of the majesty of
the heaveus—that of Ware, the: American
poet:

“ With what grand and majestic steps this north-
ern constellation advances in Its eternal circle, fol-
]owin;i its royal path amidst the stars with a slow
and silent light! Mighty creation, I worship theel
I love to see thee wandering In the brilliant avenues
like a splendid glant with a strong belt—severe, in-
defatigable, and resolute, whose feet never pause
on their road. Other kingdoms abandon their noc-
turnal path nnd rest their wearied orbs under the
waves; but thou, thou never closest thy flery eye,
and never stopé)est thy determined step. Forward,
always forward! whilst sKstems change, suns set,
worldssleep and awaken, thou followest thy endless
way. The adjacent horizon endeavors to arrest
thee, but in vain. A vigilant sentinel, thou never
«%ﬂttest thy secular path, but, without allowing
thyself to be overtaken by sleep, thon preservest
the fixed lights of the unlverse, always preventing
the north from forgetting its place.

‘‘Seven stars people this bright kingdom; the
sight embraces the whole; their respective dis-
tances are not inferior to their distance from the
earth. And here again we see the tremendous dis-
tance between the celestial orbs. From the depths
of the heavens, unexplored by the mind, the pierc-
ing rays dart through space, revealing to the senses
numberless systems and worlds. Our sight must
arm {tself with the telescope, and expiore the
heavens. Theheavens are opened, a rain of spark-
ling fire falls on our heads, stars ap) close to-
gether, are condensed in such far-off regions that
their rapld rays (more rapid than any other thing)
have travelled for centuries in order to reach the
earth. Earth, Sun, and nearest constellations,
what are you amidst this infinite immensity and
the multitude of divine infinite works?

" These thoughts, inspired by scientific truth
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Flg. 16.—Caseiopes, Andromeda, Pegasus.

are superior to those of ancient mythology.
Without speaking of the name of Bear, given
to this constellation and the followins one,
not only by the Greeks and Latins, but
again by other people who did not appear to
have had any communication with them,
like the Iroquois, who gave to them the same
name, we shall state that, generally, the
Great and Little Bear were considered as
Callisto and her Dog. Jupiter had a son by
this nymph, the cow-herd (Bodtes), of whom
we shall speak farther on; he had them both
placed in the sky. But the official wife of
the king of gods, Madame Juno, as Virgil
has said, was greatly incensed, and obtained
from Thetis, the ruler of tne waves, that
these perfidious constellations should never
bathe in the ocean. Thus their continued
presence above the horizon is explained.
Callisto, whose car fears the wave of Thetis,
near the ice of the north, shines out ncar
her son. The Dragon embraces them like
an immense wave. According to others,
the two Bears are nymphs who fed Jupiter
on Mount Ida; according to others again,
they represented the oxen of Icarus; but
these fabulous fancies do not interest us more
than they ought to do, and now that we
recognize the Great Bear we must make him
useful in our celestial voyages among the
stars in his neighborhood and our urano.
graphic researches generally.

Let us return to the figure before traced.
If a straight line be carried through the two
stars, marked « and 8, which form the ex-
tremity of the square, and prolonged beyond
a to an extent equal to five times the dis.
tance from @ to «, or, in other words, to an
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extent equal to the distance of a to the ex-
tremity of the tail #, a star less brilliant than
the preceding” ones is found, which forms
the extremity of a figure like the Great Bear,
but smaller and directed in a centrary direc-
tion. This is the Little Bear, or Little
Chariot, also formed of seven stars. ' The
star to which our line brings us, that which
is at. the extremity of the Bear’s'tail, or at
the end of the shaft of the Chariot, is the
Pole Star.  * o

all personages who distinguish themselves
from others, because, among all 'the stars
which twinkle in our starry ‘nights, it re-
mazins immovable in the heavens. ' At any
moment of the year, day or night, if you ob-
serve the sky you will always find it occupy-
ing the same place. All the-other stars, on
the contrary, revolve round it every twenty-
- four hours, a hold for the centie of this im-
mense whirlpooll The Pole Star remains
immovable over one 'pole of the world,
whence it is used as a fixed point by naviga-
tors of the pathless ocean, as well as by trav-
¢llers in an unexplored desert,

Of the.thousand facts which I could quote
to show how many times the Pole Star, and
its constellation, always visible in the north,
have saved the lives of travellers lost in
darkness, 1 shall content myself with the fol-
lowing, in which Albert Montemont honors
the star of the north.

On the 4th of April, 1799, the English gen-
eral, Baird, then at war against Tippoo Saib,
received orders to march in the night, to ob-
serve a height on which it was supposed the
enemy had placed an advanced post; Cap-
tain Lambton accompanied him as aide-de-
camp. After having crossed this height sev-
eral times, without meeting with any one,
the general resolved to return to the camp,
and he’ turned back, us it appeared to him,
to the general quarters. But as the night
was light and the constellation of the Great
Bear was near the meridian, Captain Lamb-
ton remarked that, instead of returning
south, as he must do to return to the camp,
the division had advanced to the north, that
is to say, toward the body of the enemy’s
army ; and he instantly made the general
aware of this mistake. But this officer, who
troubled himself very litile about astronomy,
replied that he knew well enough what he
was doing without consulting the stars. At
the same instant the detachments fell in with
the enemy’s advanced post. This surprise
having confirmed the captain’s observation
too well, they at first hastened to disperse
the soldiers of the advanced post and then to
turn back on their rvad. They procured a
light, consulted a compass, and found, as
the astronomical officer said laughingiy, that
the stars were right.

The immobility of the Polur Star at the
north, and the muvement of the entirc heav-
ens round it, are appearances caused by the
movement of the Earth on its axis. We will
give the evidence farther on ; but, while we
are visitjng the country of the stars, we must

" Schesdi.
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- not leave such a beautiful sight to descend to

the Earth. Let us then continue our mode
of surveying, and make ample acquaintance

~ with the population of the starry heavens

1I.
THE NORTHERX CONSTELLATIONS,.

LookiNe at the Pole Star, stationary in
the midst of the northern region, we have the

' south behind us, the east to the right, th
The Pole Star has a certain renown, like - rh >

west to the left. All the stars revolving
round the Pole Star, from 1ight to left, ought
to be recognized according to their mutual
relations rather than according to the car-
dinal points. On the other side of the Pole
Star, relating to the Great Bear is anotlier
constellation easily recognized. If a line be
brought to the pole, from the star in the mid-
dle (r?), by prolonging this line to an equal
extent, the (figure of Cassiopea is crossed,
which is formed of five stars of the third
magnitude arranged somewhat like the slant-
ing strukes'of the letter M. The little star
x, which ends the gguare, also gives it the
form of a chair. This group takes every
possible position, going round the pole;
sometimes being above, sometimes below,
gsometimés to the left, and sometimes to the
right : but it is always easy to find, seeing
that, like the preceding constellation, it
never sets und is always opposite to the Great
Bear. The Pule Star is the axle around
which these two constellations revolve.

f we now draw from the stars a and d of
the Great Bear, two lines joining the pole,
and we prolong these lines beyond Cassiopen,
they will lead to Pegasus, which is terminut-
ed on oue side by a row of three stars similar
to those of the Great Bear. These three
stars belong to Andromeda, and themselves
lead to another constellation, Perseus. The
last star of the square of Pegasus is, as we
have seen, ¢ Andromedss ; the three others
are called, y, Algenib, ¢, Markab, and 8,
To the north of # Andromede is
found near a little star, v, the oblong nebula
which has been compared to the light of a
caudle seen through a horn plate, the first
nebula of which mention is made in the an-
pals of astronomy. In Perseus, e, the most
brilliant star in the prolongation of the three
principal stars of -Andromeda, is seen be-
tween two others less brilliant, which with it
forms a concave ar¢ very easily distin-
guished. This arc will now serve us as a
new starting-point. By continuing it from
4, a very brilliant star of the first magnitude

. met with ; this is the Capella. Forming
a right angle with this prolongation to the
south, we arrive at the Pleiades, a brilliant
cluster of sturs. On one side is a variable
star, Algol, or the Head of Medusa.

The star Algol or j Persei, which is seen
above a, belongs to a class of variable stars,
the singular character of which we shall
consider farther on. Instead of having a
ixed light, as other stars, it is sometimes
very brilliant and sometimes very faint ; it
vasses from the second to the fourth mag-



70 THE WONDERS OF THE HEAVENS.

pitude. 1t was at the end of the seven-
teenth century that this variability was first

rceived. Observations made since that
ime have dproved that it is periodical and
regular, and that this period is of astonishing
rapidity, Thus, to pass from its minimum
to its maximum brilliancy, it only requires
one hour and three quarters, so that in three
bhours and a half it.has accomplished its
entire cycle, has passed through all the in-
termediate degrees of light from the fourth
to the second magnitude, and from the sec-
ond to the fourth. The star { of Perseus is
double,

P sttt
Fig. 17.—The Goat, Pleiades.

These are the principal stars which people
the circumpolar regions, on the one side ;
presently we shall make better acquaintance
with them. While we are tracing lines of
indication, let us have patience and finish
our short examination of this part of the sky.
Take now the opposite side to the one we
have just considered, still near the pole.
Let us return to the Great Bear. Prolonging
the curve of the tail we shall find at some
distance from it a star of the first magnitude ;
this is Arcturus, or e of the Cow-herd
(Bodtes). A small circle of stars that we see
to the left of Boétes forms the Northern
Crown.

The constellation of Bodtes is traced in a
pentagonal form. The stars which compose
it are of the third magnitude, with the excep-
tion of e, which is o? the first. This is the
one nearest the Earth, for it is of the small
number of those whose distance has been
measured. It is situated at 1,622,800 times
the radius of the Earth’s orbit from us. It
is, moreover, a colored star; seen with a
telescope, it is red. The star e, which is
seen above it, is double, that is to say, the
telescope separates it into two distinct stars ¢
one being yellow, the other blue.

By bringing a line from the Pole Star to
Arcturus, and crecting a perpendicular on
the middle of this line, oppusite to the Great
Bear, we find one of the most brilliaut stars
of the heavens, Vega, or a of the Lyre, néar
the Milky Way. It forms with the two jlust
mentioned a large equilateral triangle. ‘The
line from Arcturus to Vega cuts the constel-
latiou of Hercules. Between the Greut and
Little Bear, a long series of little stars is
seen passing round each other in rings and
directing themselves toward Vega : these are
the sturs of the Dragon.

‘The stars bordering on the pole, and which

have therefore received the name of Circum-
polar Stars, are distributed into the groups
we have just described. Now that we easily
know how to find them in the sky, we may
speak a little of their ancient renown. In
this group there is one of the greatest dra-
mus of ancient mythology. To repeat this
famous episode in a few words, I will men-
tion that Cussiopea, wife of Cepheus, King
of Ethiopia, one day had the vanity to be-
Jieve herself more beautiful than the Nerei-
des, in spite of the African color of her com-
plexion. These sensitive nymphs, piqued
to the.quick by such prelensions, prayeu
Neptune to avenge them of such a gigantic
affront ; the god allowed fearful ravages to
be made by a sea-monster on the coasts of
Syria. To stay the plague, Cepheus chained
his daughter, Andromeda, to a rock and
offered her in sacrifice to the terrible mon-
ster. But young Perseus, touched with so
much misfortune, quickly bestrode the horse
Pegasus, s model of coursers, took in his
hand the Medusa’s heud, which froze the be-
holder with fright, and started for the fatal
rock. He arrived naturally just at the mo-
ment when the monster was going to devour

Pig. 18.—Northern Crown, Bodtes, Arctorus

his prey, and nothing was more easily done
than to petrify the monster by presenting
Medusa’s head to him, and to liberate the
fainting Andromeda. This is a scenic effect
from which painting has derived advantage
in every sense ; there are perhaps 4s many
Andromedas as Ledas, and these are innu-
merable. It must be owned also that the
painter has not often so captivating a subject.

In commemoration of these exploits, and
not to give one an advantage over the other,
all the family were placed in the heavens,
and still remain there. With a little inclina-

tion, and knowing pretty well the conven-
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tional figures which divide our celestlal
atlas, we can see under the starry dome Ce-

heus enthroned, crown on head and sceptre
in hand; at-his side his wife Cassiopea,
seated on a chair ornamented with palms; a
little farther on Andromeda, chained to a
rock in the midst of an abyss ; an immense
fish attacks her on one side ; Pegasus- flying
in the air a little in front; and, lastly, the
hero of the piece, Perseus, holding in the
right hand a curved sword, and in the left
the head with the hideous serpents., This is
what the mythological eye may still contem-
plate at midnight 5uring the beautiful season
of summer.

Bodotes is seen above the Virgin on the zo-
diacal map. He was called Arcas, and was
the son of Jupiter and Callisto. He was also
called Atlas, who carries the world, because,
formerly, his head wus close to the pole. As
the Pleiades rise when Bodtes sets, it has also
been said that they were his daughters. In
its vicinity shines like golden rain Berenice’s
Hair. It will be remembered that 246 years
before Christ, Queen Berenice, who made
a vow to cut off her hair if Ptolem
Euergetes, her husband, returned victon-
ous, consecrated it to the gods in she tem-
ple of Venus, after the victory of the
prince. Her husband was very displeased
with this unlucky idea, and it was feared
that he would not be able to calm Lis pas-
sion, the more so as the queen’s hair was
stolen the following night; but the as-
tronomer Conon assured him that the re-
gretted bair had heen transported to the sky
by order of Venus, and actually shone as
a constellation.

The Hunting Dogs, or Greyhounds, are not
distinguished by auy remarkable star, but
they possess the most beautiful nebula in the
sky : that which 1 have before described and
pictured (p. 6). It is situated in the left ear
of Asterion, the northern Hunting Dog. As
this left ear touches the tail of the Great
Bear, it is easy to find it under the last star
of the tail. To discern its form a good tele-
scope is required. This is the nebula which
resembles the Milky Way at a distance, and
which was for some time considered as a
globular cluster surrounded with a ring, un-
til the day when Lord Rosse's great tele-
scope showed it as the most magnificent
spiral nebula in the heavens.

oL
THE ZODIAC.

I is known that the Sun in its apparent
path above our heads follows a regular and
permanent course ; that each year, at the
same periods, it passes at the same height in
the sky, and that it is not so high in the
month of December as in the month of June ;
the path it pursues is not less regular on that
account, as it rises and falls in its circuit, and
ut the same periods it always returns to the
same points in the heavens. It is also known
that the stars remain perpetually around the

Earth, and if they disappear in the morning,

to shine again in the evening, it is only be-
cause the daylight cffaces them. Now, the
term zodize is given to the starry zone
through which the Sun passes during the
entire course of the year. This word comes
from {ddwv, animal, an etymology taken
from the character of the figures traced on
this band of stars, Animals, indeed, predom-
inate in these figures. The entire circum-
ference of the heavens has been divided into
twelve parts, which have been named the
twelve signs of the zodiac, and our fore-
fathers called them the ** houses of the Sun,"’’
and again *‘ the monthly residences of Apol-
lo,”’ because the Sun visits one each month,
and returns each spring to the commence-
ment of the zodiacal cortege. ‘Two Latin
verses give these twelve signs’in the order in
which the Sun crosses them :

* Sunt : Aries, Taurus, Gemini, Cancer, Leo, Virgo,
Librr{\;;ne, §corpius. Arcitenens, Caper, Amphora,
sces.

Or rather in English : the Ram <, the Bull
¥, the Twins T, the Crab ¢, the Lion 43,
the Virgin 7, the Scales =, the Scorpion 12,
the Archer #, the He-goat %, Aquarius 2,
and the Fishes 3. The signs placed by
these names are the primitive indications
which bring them to mind: < represents
the horns of a ram; ¥ the head of a bull;
4 is a stream of water.

If we have now hecome acquainted with
our northern heavens, if its most important
stars are sufficiently marked in our mind and
their reciprocal relations with each other,
we need no longer fear confusion, and it will
be easy to recognize the zodiacal constella-
tions. We must note especially that they
all belong to one zone, to vne belt of the
sky, which may serve us us a line of division
between the north and south. An easy
method of finding this zore in & fine starry
night, and to avoid useless search, is to take
the Pole Star as the centre of a large circle,
and to describe this circle by taking u radius
equal to the balf of the sky. The line thus
described will extend beyond the zenith to the
south, and will descend below the horizon
to the north ; it will mark therefore the celes-
tial equator. Now the ecliptic, on the me-
ridian line of the zodiac, is slightly inclined
to the equator, but it only goes beyond it a
little, so that our circle will give us, with
sufficient exactitude, the line toward which
we must look for our constellations.

These summary indications once given, the
first signs will be easy to tind. To havea
complete and Jasting knowledge of them, it
Is necessary to follow the description I am
going to give on the accompanying maps,
and afterward in the evening to study the
originals directly, of which the maps are
only copies. These sume maps will again
serve us, in the following chapter, in study-
ing the southern constellations visible in
England.

he Ram is situated between Andromeda
and the Pleiades, which we aiready know,
By drawing a line from Andromeda to this
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group of stars, the head of the Ram is trav-
ersed, formed by two stars of the third mag-
pitude, arranged in a north-eust direction.
The Ram is the first sign of the zodiac, be-
cause, at the time when this principal part
of the celestial sphere was established, the
Sun entered this sign at the spring equinox.
In the fable, it represeuts the Ram with the
golden fleece of the Argonaut expedition, be:
cause at the moment when the Sun rises in
this sign, guarded by a monster (the Whale)
and by a Bull which vomits flames, the con-
stellation Ophiuchus or Jason, comes out
in the evening at the same point, and thus
subjugates the vanished Ram. The Ram was
also the symbol of Spring and the opening of
the year. These two causes were indicated
by the translator of Plutarch. The Bull
comes afterward. 'We go from west to east.
We shall easily recognize it by the group of
the Pleiades which sparkle on its shoulder,
by that of the Hyades which glimmer on its
forehead, und by the magnificent star which
marks it right eye, the star Aldebaran, g, of
the first magnitude. It is, moreover, situated
just ubove the splendid constellation of
Orion, which we shall meet again and make
acquaintance with soon ; Aldebaran shines
a]on% the line of the Belt to the north-west.
(To follow our map.)

The Pleiades, which are seen trembling at
the north-west of Aldebaran, are a group of
about 80 stars, resolved by the telescope.

The ancients counted in the Pleiades seven
stars more brilliant than the ground sprinkled
with golden dust. At the present time only
six can be counted with the naked eye, which
are called, Alcyone or 7 in the neck of the
Bull of the third magnitude ; Electra and
Atlas, of the fourth ; Merope, Maia, and
Taygeta, of the fifth. 1f we are to believe

—

Fig. 19.—The Pleiades,
Ovid, the seventh hid itself with grief at the

taking of Troy. But the author of the
‘* Metamorphoses’’ suspected nothing of the
distance of stars and the length of passuge
of the rays in reaching us. %f even one of

———
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the Pleiades hid itself at the taking of Troy,
Ovid would still have seen it in the ylace
which it formerly occupied, and perhaps
even now we should have still seen it there.
The Hyades form 2 V with Aldebaran, which
occupies the southern extremity. Like the
Pleiades, they announce rain; their name
signifies %0 rain, and that of their compan-
ions signifies navigator.

The Twins are easy to recognize to the east
of the preceding stars, their heads being
formed of two beautiful stars, Castor and
Pollux. We shall also reach them by a di-
agonal, crossing the Great. Bear. Again,
Castor, of the first magnitude, forms a trian-
gle with the Gout and Aldebaran. There-
fore, nothing is more easily found. De-
scending toward the Bull, eight or ten stars
terminate the ‘constellation, and lower down,
Procyon is met with, a star of thé second
magnitude. This region, marked with
Orion, Sirlus, the Twins, the Goat, Aldeba-
ran, and the Pleiades, is the most magnificent
region of the celestial sphere. It is toward
the end of autumn that it shines in our hemi-
sphere in the evening. The Twins are, in
the fable, Castor and Pollux, sons of Jupiter,
celebrated for their indissoluble friendship,
for which they were rewarded by immortal-
ity. The Greeks also gave the name ot Cas-
tor and Pollux to those lights which appear
round vessels after storms, electrical phe-
nomena now called the fires of Saint Elmo.

The Crab or Cancer may be distinguished
at the bottom of the line of Castor and Pol-
lux, in five sturs of the fourth or fifth mag-
nitude. It is the least important body of the
zodiac.

The Lion is a large trapezium of four
beautiful stars, situated to the east of the
Twins. They may readily be found by con-
tinuing in the opposite direction the line,
from a, 3 of the Great Bear, which served us
to find the Pole Star. The most brilliant of
these stars, a, is of the first magnitude and is
called Regulus, the heart of the Lion ; the
three others, B, v, and J are of the second
magnitude. The Sun enters the Lion at the
summer solstice, and causes it to disappear
by covering it with his fires ; this is the vic-

“tory of Hercules over the Lion of Nemeu. It

was also for the same cause the symbol of
strength and power. Being the abode of the
Sun during the month of July, it was again
the sign of burning heats and of plagues
which they sometimes brought with them.
1n the eyes of astrologers of the middle ages,
this was its terrible aspect. The Virgin
comes after the Lion, still to the east, as will
be seen on the map. If we again use the
very accommodating constellation which has
until now been so useful to us, we must con-
tinue toward the south the great diagonal a,
y from the square of the Great Bear, and we
shall meet with a beautiful star of the first
magnitude placed just to the left of our
ﬁgpre; this is the Virgin’s ear of corn, or
Spica, a star known from all antiquity. Now
that we can distinguish Arcturus, or Bodtes,
and e of the Lion, we may also remark that
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these two stars and Spica form together an
equilateral-triangle. The star 3, situated in
the right arm of the Virgin, is called the Vin-
tager. 1t forms a triangle with 8 of the
Lion and Berenice’s Hair. 4
Emblem of justiceand law, the Virgin rep-
resents Themis, with the scales at her feet.
‘Why hus she wings? Perhaps because Jus-

tice, formerly on the earth, abandoned it for .

heaven. She is also Astrea, daughter of
Jupiter, and Themis, men’s crimes having
forced lLer to return to heaven at the end of
the golden age. She has the privliege of
representing agreat number of persons ; the
entire list would be too long, the following
being only a few of them : Ceres, symbol of
barvests ; Diana of Ephesus ; Isis of Egypt,

oddess of Syria; Atergatis or Fortune;
%ybele drawn by lions ; Minerva, mother of
Bacchus; Meduss ; Erigona, daughter of
the Cow-herd ; lastly, in the time of Virgi},
she was the Sybil, who, with branch in
hund, descended to the infernal regions.
With so_large a choice, she seems to have
preferred the title of Daughter of Justice,
exiled to the celestial regions by man'’s
crimes. i

The Scales is the seventh sign of the zodi-
ac. To the east of Spica, two stars of the
second magnitude are seen ; these are ¢ and
3, marking the top of the Scales. With two
other less brillluut stars, they form an oblique
square on theecliptic. Two thousand years
agn, the Sun passed them at the autum-
nal equinox, and this 18 the origin of that
sign which ** equals the day to night, work to
sleep.”’

The Scorpion, with its heart marked by
the brilliant Antares, a star of the first mag-
nitude, is easily recognized. It is not that
the form can be distinguished ; for this form
is not better sketched out by the stars which
compose it, than the preceding figures, the
Scales, the Virgin, etc., have been. But it is
well understood that, when we speak of rec-
ognizing a constellation, we refer simply to
the groups of stars which bear its name, and
not to its mytkological figure. Artares, e of
the Scorpion, is on the continuation of the
line which would join Regulus (« of the
Lion) to Spica ; these are three stars of the
first magnitude placed in a straight line, in
a west-east direction. Antares also forms
with Lyra and Arcturus a lurge isosceles
triangle, the latter star being at the vertex.
The second star of the Scorpion, 3, of the
sccond magnitude, marks the head. A
string of stars of the third magnitude traces
out the curved tail. ¢

The Scales and Scorpion only formed one
sign with the Latins before Augustus: the
Scales were then the claws of the Scorpion.
As Augustus was born on the 23d of Sep-
tember, flattery leagued itself with astrology
to celebrate the happiness promised to the
Earth by the birth of this emperor; the
Scales, which the Egyptians had formerly
instituted in the original sphere, were re-
Placed in the heavens as a symbol of Justice.

The verses of the Eneid may now be easily

interpreted. As a sign of misfortune and
fear, the Scorpion was cursed among zll the
coustellations. 1t was said, especially, that
it had an invincible hatred toward Orion,
because this figure sets when the former rises,
and vice versd. It was not ounly the terror of
the stars, but also the terror of the Sun him-
self, that Ovid has described it to us.

Sagittarius (the Archer), forming an
oblique trapezium, is a little to the east of
Autares, still following the direction of the
ecliptic. It only contains stars of the third
and less magnitudes; a, 6, y, form the
arrow ; the last, 7, is called Nushaba by the
Arabs. The star = marks the head.

Capricornus (the He-goat) is not rich in
bright sturs. Those which sparkle on his
forehead, ¢ and B, are the only ones which
can be distinguished by the naked eye.
They are on the continuation of the line which
passes from Lyra to the Eagle. The region
of the Zodiac which we are now visiting is
the poorest in the heavens; it presents a
striking contrast with the opposite region,
where we admired Aldebaran, Castor and
Pollux, the Goat, etc.

Above Capricornus shines Altair, or a of
the Eagle : the stars of Antinotiis form a tra-
pezium on the path from Capricornus to the
Eagle. In some authors this sign represents
the goat Amalthea, which nursed Jupiter on
Mount 1ds, and received a place in heaven as
areward. According to others, it represents
the return of the Sun to the winter solstice
thrgugh the gates of the tropics. Again ac-
cording to otheis, it was a he-goat which
was brought up =.ih the king of the gods,
and which discoveted and sounded the ma-
rine trumpet, and produced fear among the
Titans in their war with Olympus. The
frightened gods hid themselves in the forms
of different animals ; Apollo changed into a
crane, Mercury into sn ibis, Diana into a cat.
Such a metamorphosis was never seen.
Lastly, Pan into Capricornus, having a
goat’s body and the tail of a fish., He ap-
peared, also, to wish to steal away with the
giants who scaled heaven. v

Aquarius forms with his'three tertiary
stars a very obtuse triangle. The base is
prolonged in a string of stars from the side
of Capricornus and toward the left to the
Urn. Thence begins a sinuous line of ver
small stars descending to the horizon, This
is the wuter poured out by Aquarius. Aqua-
riug appears to personify Ganymede, who
was raised by Jupiter’s eagle to serve as cup-
bearer to the gods after th% fall of Hebe.

The Fishes, the last sign of the Zodiac,
lie to the south of Andromeda and Pegasus.
The northern fish is that which wished to
devour Andromeda ; the western fish ad-
vances in the square of Pe%gsus; they are
bound together by a band. ot so apparent
as the preceding, this constellation is com-
posed of two rows of very small stars, which
start from e of the third magnitude, the
knot of the band, and diveige one towurd ¢
of Andromeda, the other toward a of Agua-
rius. Ovid tells how Venus and Love, wish-
ing to steal away at the pursuit of the giants,
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crossed the Buphrates on two fishes, which
were for this placed in heaven. It is related
that two fishes having found an egg of a
very beautifnl shape, drew it to shore, that a
dove sat on it, and Venus came forth, It
was from this time that the Syrians abstained
from feeding themselves on fish. This sign
is the last abode of the Sun before the renew-
ing of the year, in the month of February ;
this was the time of the inundation of Egypt
and that of fishing with us. It closes the
circle of the zodiacal constellations.

1f our descriptions have been well fol-
lowed on our map, the zodiacal constella-
tions will be as well known as those of the
north. Little now remains before we become
familiar with the whole heavens, yet there
is an indispensable complement to the preced-
ing. The circumpolar stars are always visi-
ble above the London horizon ; at any time
of the year that we wish to observe them,
they may always be found, either above, be-
low, or on one side or the other of the Pole
Star, which has served us to find them, and
always preserving the same relation one
with the other. The zodiacal stars do not
resemble them in this point of view ; for
they are sometimes above the horizon and
sometimes below it. We must, therefore,
know at what time they are visible. For
this it will be sufficient to remember the con-
stellation which is at the centre of the heav-
ens at nine o’clock in the evening, on the
first day of every month, that, for instance,
which at that hour crosses 4 line drawn from
the Pole Star, from north to south, dividin,
the sky into two parts. This line is calle
the meridian, and all our figures cross it,
passing from east to west. Nfurkiug cach of
the counstellutions which pass at the indicated
hour, we thus give the centre of the visible
constellations. Looking for the northern
ones at the north ; to its left those which
precede the indicated constellation in the
order of the signs ; to its right those which
follow it. all will be found without difficulty.
On the first of January the Bull passes the
meridian. Notice Aldebaran aud the Pleia-
des. 1st of February: the Twins have not
yet reached there; they are seen a little to
the right. 1st of March : Castor and Pollux
have passed, Procyon at the south ; the little
stars of the Crab to the right. 1st of April :
the Lion, Regulus., 1st of May: 8 of the
Lion, Berenice’s Hair. 1st of June: Spica
of the Virgin, Arcturus. 1st of July: the
Scales, the Scorpion. 1st of August: An-
tares, Ophiuchus. 1st of September : Sag-
ittarius, the Eagle. 1stof October : Capri-
cornus, Aquarius. 1st of November: the
Fishes, Algenib or y of Pegasus. 1st of De-
cember : the Ram.

Our general revision of the starry heavens
ought now to be completed by the stars of
the Southern sky.

I have only given a rapid summary of the
mythological explanation of the signs of the
Zodiac ; the uncertainty which reigns over
their oriiin has allowed many to be sug-
gested. 1 shall only recount here, that which
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supposed them to be the twelve labors of
Hercules, a suggestion which does not lack
a certain ingenuity. Hercules would be no
other than the Sun himself considered in
his attributes relatively to the different times
of the year. Franceeur, in his Uranographie,
according to Lalande and the philosopher
Dupuis, charged himself with supporting
this curious system.

The entrance of the Sun into the solstitial
Lion which he made to disappear by cover-
ing it with his fires, is the victory over the
Lion of Nemea. In proportion as the Sun
advances he crosses Cancer, the Lion, and
the Virgin ; the different parts of the Hydra
are eclipsed by turn ; first the head, then the
body, and lastly the tail ; but then the head
reappears in its heliacal rising. This is the
triumph over the Hydra rising again from
the Lake Lerna, which Hercules burned,
after having crushed the Crab which aided
it. The Sun crossing the Scales at the time
of the vintages covers the Centaur with his
fires. The fable stutes that the Centaur
Chiron, having received Hercules, taught
him the art of making wine. It adds that,
in a drunken dispute, the people of the Cen-
taurs wished to kill Hercules’ host, which
forced the hero to fight with them ; this ap-

ars to relate to the seuting of Sagittarius
in the evening. Lastly, in hunting, he con-
quered & monster, called the wild boar of
Erymanthus, which was believed to refer to
the rising of the Great Bear in the evening.

Cassiopea, who is represented also by a
hind, in the morning sets in the waves when
the Sun is in Scorpion, which happens at
the autumnal equinox ; it is this hind with

olden horns which, in spite of its wonder-
ul velocity, Hercules tired out in a race, and
caught at the wuter’s edge when she re-
posed.

At the rising of the Sun in Sagittarius, the
Eagle, Lyra (or the Vulture), and the Swun,
situated in the Milky Way, disappear at
once ; these are the birds of the Lake Stym-
phalis, driven out of Arcadia by Hercules,
whose arrow is placed among them. Capri-
cornus, or the celestinl He-goat, is bathed in
front by the water of Aquarius ; these are
the stables of Augins cleansed by a river
passing through them.

The Sun in Aquarius, or the winter soi-
stice, was near Pegasus; in the evening the
Vulture was seen to set, while the Bull
passed the meridian ; it was said that Hercu-
les, on his arrival in Elis, to fight the Bull
of Crete and the Vulture of Prometheus,
mounted the horse Arion and instituted the
Olympic Games, which are celebrated at full
moon of the summer solstice ; the moon is
then exactly in Aquarius, that is to say, in
the region opposite to the Lion. The carry-
ing off of the mares of Diomedes, son of
Aristes, relates to the heliacal rising of Peg-
asus and the Little Horse, the Sun being in
the Fishes. These two Horses are placed
above Aquarius, which is Aristes.

Hercules afterward starts for the conquest
of the Golden Fleece, Aquarius and Serpen-



THE WONDERS OF THE HEAVENS. 75

tarius rise in the evening, while at the sume

time the Ram, Cassiopea, Andromeds, the

Pleiades, and Pegasus set. Hencs the vie-
tory of Hercules over Hippcl)vllyte. queen of
the Amazons, whose Dbelt (Mirach) shi_nes
with a bright light. Many of these warriors
had the names of the Pleiades.

At the rising of the Bull, the Cow-herd
(Bioites) sets, und the Great Bear (the oxen of
Tearus) rises. This is the defeat of Geryon
und the carrying off of his oxen. Hercules
kills Busiris, persecutor of the Atlantides :
the fable which alludes to Orion pursuing
the Hyades, and who is then hidden in the
solar beams. The return of spring is more-
over explained by the destruction of the
venomous reptiles of Crete and by the defeat
of the brigand Cacus; that of the river
Achelaits, chunged into a bull, relates. to
Eridanus, which is situated below.

After having founded Thebes in Egypt,
Hercules went to the infernal regions,
delivered Theseus and carried off Cerberus.
The Sun has arrived in the northern hemi-
sphere ; the Great Dog,whose heliacal setting
took place in the preceding sign, is now
absorbed in the Sun’s brightness ; he i3 taken
from the infernal regions, and brought to the
light. The riverof Aquarius, which risesin
the evening with the Swan, when the Sun
has traversed the constellation of the Twins,
is Cycnus conquered at the borders of
Penca.

The Northern Dragon and Cepheus, or the
garden of Hesperides, rise at the setting of
the Sun under Cancer ; hence the voyage of
Hercules iz Hesperia. The time of the he-
liacal rising of the constellation of Hercules
is in autumn ; the apples of the Hesperides
are an allusion to this season.

Returned to the summer solstice, the Sun
recommences its rcvolution : this is the
apotheosis of Hercules. Fabfe relates that
Dejanira, seeking for a love-potion to keep
her husband, sent him a shirt soaked in the
blood of the Centaur Nessus. Hercules put
it on to sacrifice to the gods, and to ask of
them the immortality promised for his ex-
ploits ; but, devoured by the poison in the
gurment, the hero burned himself on the
funeral pile. This is the sense o° this fuble.
The Sun has entered the Lion and rises,
while the constellations Hercules and Aqua-
rius nre ubout to set. The Centaur sets o
{ittle after the Lion ; this one then causes
Hercules to die, and Aquarius, Ganymnede,
is carried off to pour out nectar to the gods,
in the place of Hebe, given to the %ero.
The reconciliution of Hercules and Juno re-
lates to Aquarius, who is dedicated to the
goddess.

Hercules lived 52 years. had 52 wives, and
accorded the Nemenn honors to 360 of his
compunions who died for him : this alludes
to the 52 weeks of the year and to the 360
degrees of the Zodiac. The Pillars of Her-
cules were the western limits of the known
Earth, where the Sun seemed each day to
set in the sea.

However vague many of the interpreta-

tions just put forth may seem to be, adds
Franceeur, there are some so remarkable
that they cannot be suppused to be altogether
the effect of chance : thus Hercules was not
2 hero whose good actions excited men to
erect altars 10 him ; but the Sun, considered
in his attributes relative to the different
epochs of the year; an opinion agreeing
with the most revered testimonies of the
ancients.
IV.

THE SOUTHKRN CONSTELLATIONS.

““A ToUT seigneur tout honpeur.”
Orion is the most heautiful constellation ;
we must not pass it without doing homage to
it, and the best way of rendering homage to
persons of worth is to learn how to under-
stand them.

Let us observe our map : below the Bull
and the Twins, to the south of the Zodiac,
you will notice this giant who raises his club
toward the forchead of the Bull. Seven
bright stars are distinguished ; two of them,

Fig. 20.—Orion, Aldebaran, Sirius.

a and 3, are of the first magnitude ; the other
five are of the second ; ¢ and y mark the
shoulders, y the right knee, 8 the left foot ;
d, ¢, ¢ mark the belt; below this line is a
luminous train of three stars close together,
this is the Sword. Between the western
shoulder, 7, and the Bull, is seen the Shield
composed of a curved string of little stars.
The head is marked by a litﬁe star, A of the
fourth magnitude ; x and v denote the raised
arm.

For more clearness, we give the arrange-
ment of the principal stars of this magnifi-
cent asterism.

Orion is on the continuation of the line
which joins the Pole Star to Capella. The
four stars, a, ¥, B, k, occupy the angles of a
great quadrilateral ; the three others 4, ¢, {,
are close together in an oblique line in the
middle of this quadrilateral ; a, in the north-
east angle, is called Betelgeuse (not Betei-
geuse, as generally printed), 3, of the south-
west angle, is called Rigel. L

The line of the Belt, prolonged on both
sides, pusses on the north-west by the star
Aldebaran in the eye of the Bull, which we
already know, and on the south-eust. by Sir-
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ius, the most beautiful star in the heavens,
with which we shall soon occupy ourselves.
1t is during fine winter nights that this con-
stellation shines over our heads. No other
season is so magnificently constellated as the
winter months, While nature deprives us
of certain enjoyments on the one hand, it
presents us Wwith others no less precious.
The wonders of the heavens present them-
selves to amateurs from the Bull and Orion
at the east as far as the Virgin and Bostes
at the west ; of eighteen stars of the first
magnitude, which may be counted in the
whole extent of the firmament, a dozen are
visible at nine o’clock in the evening, not
counting many beautiful stars of the second
order and the remarkable nebule and hea-
venly objects very worthy of the attention of
mortals.” These twelve stars are: Sirius,
Procyon, Capella, Aldebaran, Spica, the
heart of the fiydra, Rigel, Betelgeuse, Cas-
tor and Pollux, Regulus, and 3 of the Lion.

Thus it is that nature establishes every-
where harmonious compensation, and while
it darkens our short and frosty winter days,
it gives us long nights enriched with the
wealthiest creations of the heavens. '

The constellation of Orion is not only the
richest in bright stars, but it conceals: also
treasures for the initiated which no other can
present. We might almost call it the Cali-
fornia of the heuvens. We will enumerate
its riches, and shall then find greater delight
in contemplating it in the heavens.

Let us speak first of its nebula, situated
below the second star of the Belt. The first
time that Huygens, its discoverer, admired
this cosmical beauty, in 1656, he was suffi
ciently astonished to say, that it seemed an
opening in the sky which threw light on a
more brilliant region. ‘¢ Astronomers,’”’ he
states, ‘ have counted in the sword of Orion
three stars very near each other. In 1656, I
accidentally observed that, in place of one
of these stars which occupy the ceutre of
the group, there was a dozen of them, a re-
sult which is unot rare to obtain with tele.
scopes. Of these stars there were three
which, like the first, nearly touched each
other, and four others seemed to shine
through a cloud in such a manner that the
space which surrounded them appeared much
more luminous than the rest.”’

Since that period this nebula has been
studied with a kind of predilection ; it has
been minutely examine(f) and the .different
regions of its cluster have been studied and
described in all their details. In proportion
as the instruments have become more power-
ful, the stars, which constellate it, appear
more numerous, which has happened in all
telescopic “vbservations of nebul®e; and,

while in early days it was asked with great:

uncertainty if there was only a phosphores-
cent cloud, 8 vaporous mass—astronomers
afterward arrived at the conviction that it
was formed of animmense number of heap-

ed-up. suns, and then again that it was a true.

cqsmical cloud. At the centre is seen a
brighter part of singular form ; Sir J. Her-
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schel compared it to the head of a monstrous.
animal, with gaping mouth, the nose being
prolonged like the trunk of an elephaut.

1t occupies a large spuce in the sky, its
apparent dimension being equal to that of
the lunar disk. When we think of the dis-
tance which separates us from this agglome-
ration, we are dismayed at the real extent
which it embraces in the midst of the bound-
less void. !

But the strangest phenomena which are
attuched to this nebula are the changes which
are observed in it. The drawings which
are now taken differ from those which were
taken half a century ago. Again this year
(1867), there has been noticed in England an
indication of brightness, through u dark por.
tion, which did not exist ten years ago.
Astronomers agree that there is-no possible
delusion in some of these observalions, and
that this distant agglomeration is the seat of
formidable disturbances. $

““ The general impression that 1 have re-
ceived from these observations,” said the
director of the Russian Observatory not long
ago, ‘‘ is that the central part of the nebula
is in a state of continual agitation, like the
surface of the sea.” il ;

Orion possesses many other riches. The
star of the left foot, Rigel, is one of the most
beautiful double stars. (We shall soon com-
mence this chapter of Sidereal Astronomy.)
This double star is composed of a white and
a blue sun. 1n calm and clear nights which
we sometimes have in the winter, it appeared
to me sometimes that the reflection of the blue
star tinted the brightness of the white suffi-
ciently to cause this to seem slightly tinted
with blue, especially when it is compared
with the golden points which sprinkle the
surrounding sky. {

Two other binary systems are met with in
the two stars at the extremities of the Belt.
The first to the right is composed of a white
and a purple sun ; the second, of a yellow
and a blue sun. Thus here are three sys-
tems of the most dissimilar worlds united in
the same coustellation. In each of these sys-.
tems two suns instead of one ; not only two
suns like ours, but two differently colored
suns ; in the planets which belong to the
first, a white and a blue body dispute the
empire of the day with each other, giving
rise, by the numberless combinations of their
heat, light, and electrical power, to a variety
of actions incomparable and unimaginable
b{v us, who are devoted to one sun. In the
planets which belong to the second, it is a
purple sun which diversifies the white light
of its compeer. : In that of the third the
number of colors is essentially different from
ours, as there is no white light the generator
of every tint : and presents an unknown -se-.
ries of shades the result of the combinations
of gold and sapphire. These planets are.
doubtless green, and the color ofp the objects.
on their surface must probably oscillate
round this medium.either as yellow or blue. .

But this wealth of stellar systems dves not.
yet constitute all the patrimony of this beau-
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tiful constellation of Orion. It contains, be-
sides, the most complex of multiple systems
which have ever been met with in the heav-
ens. In thenebula of which I have just spo-
ken an extraordinary star is met with, the star
marked 6 in the catalogues, a little below the
Bword. This gtar, divided by the telescope,
presents to our admiration six suns collected
in one point of the heavens. Four principal
stars of the fourth,; sixth, and seventh mag-
nitudes are arranged at the four angles of &
trapezium ; the two_stars at the base have
each a very feeble companion. That these
six stars form in reality a physical system,
and that they are connected together, like
the binary systems, by the law of aftraction,
18 a statement I do not wish to affirm. It
may be that this is only an optical ‘effect—
that these six stars are in reality completely
independent of each’ other, situated at im-
mense distances and depths, but, béing on
the line of sight very near together, they ap-

ear 10 us collected on oné plane. Neverthe-
ess, there are probabilities in favor of the
opinion which considers this sextuple star as
an actual system, especially when we see
that the movement belonging to the principal
star is shared by the five others.

Another star in Orion, the twenty-third; is
equally remarkable, being double, and in-
stead of having its principal white’and its
smull one blue, as in the generality of cases,
it is the contrary that is noticed. = -

This is a great deal for one constellation ;
but for this beautiful und ancient figure,
about which Job sang three thousand yeats
ago, I have a sympathy for which I cannot
and will not defend myself. Between the
Pleiudes and the beautiful Sirius, it presents
to me a magnificent celestial region, enriched
with varied worlds, which mukes one dream
of distant life.
an astrological treatise of the middle ages ;
its title was *“ Flamma Orionis.”’ Since that
time this name is dear to me: I love it!
Now, you know what happiness it. isto lov-
ers to speak continually of the object of their
devotions. Following its course, like the
Sun, and the planets, and zodiacal constella-
tions, the moon sometimes pusses near Orion.
It then hides the stars over which its path
conducts it.

. In the fable, Orion, the handsomest mun
-of his time, was of such high stature that,
when he walked on the bottom of the sea, his
head exceeded the height of the waves;

which means that this constellation is half

beneath the equator and half above.

I have fergotten to udd, that the three ob-
lique stars which form his belt have been
numed the Three Magi Kings, Jacob’s staff,
and that in France we simply distinguish
them under the name of the Rake.

To the south-east of Orion, on. the line of
the Three Kings, shines the most, magnifi-
cent of all stars, Sirius, or e of the constel-
Iation of the Gieat Dog. This star of the
first magnitude murks the upper eastern
ungle of a freut.quadr_ilateral, whose base
reaches the London horizon, and is adiacent

Between ourselves, 1 read

to a triangie, The stars of the quadrilateral
und the triangle are all of the second magni-
tude. This constellation rises in the even-
ing, at the ¢end of Novemker, passes the me-
ridian at the end of January, and sets at the
end of March.

Sitius beihg the most brilliant star of the
heavens, and astronomers daring to attempt
operations relative to the study of the dis-
tances of stars, this attracted their atten-
tion,, After long and minute study, they suc-

‘ceeded in determining its distance ; 1,375,

000 times the distance of the Sun. To tra-
verse the distance from the Earth to this
star, light takes neaily twenty-two years.
Hence, it follcws that, when we see it, it is
not the Sirius of to-day which is before our
eyes, but rather the Sirius of twenty-two
years ago ; the ray of light which reaches
our eye now left Sirius during the year 1848,

The name we now give 1o a of the Great
Dog formerly belonged to the whole constel-
lation, and not a single Egyptian monument
is found where this figure is indicated with-
out its representing Sirius, a name derived
from Osiris, the Sun. At thetime the con-
stellation was formed, the summer solstice
happéred when the Sun crossed Capricor-
nus’;' the rising of Sirius announced to
Egypt the time of the overflowing of the
Nile, and like a faithful dog warned men to
be on their guard. The 7dle of Sirius did
not stop here. The civil year of the Egyp-
tians being exactly 365 days, and their kings
swearing never to allow the intercalation of
supplementary days. this year advanced a
day every four years on the solar year, and
again coincided with it at the end of 365
times four years—in 1460 years ; but during
this time the civil riods, agricultura
labors, fétes, and the different parts of the
calendar, could not be fixed by unchangeable
dates.” They therefore chose a sign in the
heavens which announced the period of the
solstice ; the rising of Sirius in the morning,
which was then called Sothis, announced the
desired epoch. - The heliacal (solar) rising of
this star only happened on the same day
after 1461 years.

Since those ancient days, a movement of
the Earth which slowly modifies the path of
the Sun among the constellatious, which is
called ‘‘the precession of the equinoxes,””
has deprived girlus of its facuhy of predict-
ing the inundation and the solstice ; its heli-
acul rising happens in Egypt now on the
10th of August instead of the 20th of June.
But at the beginning of,our era, it took
place in July, in the midst of the great heats
and the diseases they engender. Hence,
this constellation was accused of a malig-
nant influence, us may be seen in Sophocles
and a hundred other more modern authors ;
it gives fever to men and madness to dogs.
The term dog days is derived from this, In
order to conciliate Sirius, they raised altars
on which were sacrificed the quail and the
goat. They dreaded the star of the south. *
~ Sirius, or the Dog-star, was also called the

‘Dog of Procris, wife of Ce hilus, who
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plerced her with an arrow shot accidentally,
as Ovid relates at great length. ;

Sirius has a long and good reputation as a
dog. After all the services which he had
rendered to the Egyptians, Jupiter charged
him with the care of his dear Europa ; after
the carrying off, he passed through the
hands of Minos, Procris, Cephualus, gnd
Aurora. Well-known authors even think
that, in spite of all that precedes, he was
Cerberus, the dog with three heads; their
opinion is supported by this coincidence, that
the Great Dog guards at the equator the
lower hemisphere of the Egyptians, in the
same manner as Cerberus watched the region
of Tartarus., It is seen that this dog claims,
a very ancient nobility, No heraldic title
can boast of such antiguity.

The Little Dog, ur Procyon, which we
have ulready seeu on our zodiacal maps, is
above Sirius and below the twing, Castor and
Pollux, to the eust of Orion. No bright star
distinguishes it, unless it be a. From a
mythological point of view, it shares with
the Great Dog most of the fables attributed
to the latter. .

The Hydra is a long constellation which
occupies that quarter of the horizon under
the Crab, Lion, and Virgin. The head,
formed by four stars of the fourth magni-
tude, is to the left of Procyon, on a line
drawn by this star and Betelgeuse. The
western side of the great trapezium of the
Lion, like the line joining Castor and Pol-
lux, is directed to a, of the second magni-
tude : it is the heart of the Hydra. On the
back of the Hydra, stars of the second order
may be noticed, the Raven and the Cup.
Being like a river in its meanderings, the
Hydra has been regarded as an inhabitant of
the Nile and its representative. As the ship
Argo is not far from here, some have even
gone so far as to explain by certain aspects
the deluge of Deucalion, who escapes in a
vessel, and who, forty days after, makes cer-
tain that the waters have retired by seunding
forth a raven.

Eridanus, the Whale, the Southern Fish,
and the Centaur are the only important con-
stellations we still have to describe. They
will be found in the order indicated, to the
right of Orion. Eridanusis ariver composed
of a series of stars of the third and fourth
magaitude, which descends and winds from
Ouiun's left foot to Rigel, being lost under
the horizon. After having followed long
windings, invisible to us, it is terminated by
a beautiful star of the first magnitude, a or
Achernar. This was the river into which
Phagton, who awkwardly conducted the car
of the Suu, fell : it was placed in heaven to
console Apollo for the loss of his son.

_Below the Ram, a star of the second mag.
nitude is met with, which forms an equila-
teral triangle with the Ram and the Ple-
iades: this is @, or the jawbone of the
Whale ; a, g, £ and y form a parallelogram—
this is the head. The base, a, , is prolonged
to a star of the third magnitude, J, and to a
star of the Neck marked o. 'This star is one

of the most curious in the heavens; .. is
called the Marvellous, Miro Ceti. It belongs
to the cluss of variable stars. Sometimes it
equals in brightness stars of the first order,
at others it becomes completely invisible.
Its variations have been watched since the
end of the sixteenth century, and it has been
noticed that the period of increase and de-
crease is in the mean 331 duys, but always
irregular, being sometimes 25 days behind or
25 days in advance. The study of these
variable stars will present curious pheno-
mena Lo us.

The Whule was sent by Neptune to
devour Audromeda. Ishallnot return to the
history of this poor princess.

Four stars of the third magnitude form the
tail of this cetacean and descend toward
Fomalhaut, or e of the Southern Fish, which
receives water from Aquarins. Thisasterism
rises very little above the horizon of London.

Lastly, the constellation of the Centaur is
situated below Spica of the Virgin. The
star 6, of the second magunitude, and the
star ¢, of the third, mark the head and shoul-
der : thisis the only part of the figure which
rises above the horizon of London. The
Centaur contains the star nearest to the
Earth, a, of the first magnitude. It is also
in this constellation that the beautiful regu-
lur nebula is found, which we have already
admired, the globular cluster Omegs of the
Centaur. The feet of the latter touch the
Southern Cross, formed of four stars of the
second magnitude, always hidden below our

horizon. A little farther south is the south
pole. .
Ve
THE NUMBER OF THE STARS—THEIR DIS-
TANCES.

IN order that the mind may be less c¢on-
fused in the midst of these thousands of spar-
kling points it has been agreed from the
highest antiquity to class the stars according
to their apparent brightness, besides the
divisions we have just mentioned. We have
seen that the brightest s*ars have been called
stars of the first order or magnitude, al-
though this term does not imply anythin
reiative to the actuul size or brightness o
the stars; those which follow, still in the
order of their apparent brightness, have been
called stars of the second magnitude ; then
come those of the third, fourth, and fifth
magnitude, according as they appear smaller ;
lastly, stars of the sixth magnitude are the
last stars visible to the naked eye.

The stars of the first magnitude are eigh-
teen in number. In reality, the eighteenth,
that is to aay, the least brilliant of the series,
might as well be inscribed in the first ‘rank
of the atars of the second magnitude, and the
first of this second series might, in the same
way, be added to the stars of the first mag-
nitude. There is nothing in the nature of
these separations which necessitates our clas-
sification ; but as we must stop at one star,
and a series is to be made, it has been agreed
to make the list of stars of the first magni-
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tude as follows *
nitude in the order o
o %egodfcxfltsijnlg%ﬂﬁhluu. - 4
Sirius, or ¢ of the Great Dog.
7 of Argo (variable star).
Canopus, or ¢y of the Vessel.
«a of the Centaur.
Arcturus, or g of the Cowherd (BoStes).
Rigel, or 3 of Orion.
Papells, or o of Auriga.
Vega, or ¢ of Lyra.
Procyon, or ¢y of the Little Dog.
10. Betelgense, or ¢ of Orion.
11. Achernar, or oyof Eridan.
12. Aldebaran, or ¢ of the Bull.
13. 3 of the Centaur.
14. (y of the Cross.
15. Antares, or o of the Scorpion,
16. Atalr, or ¢ of the Eagle.
17. Bplca, or « of the Virgin.
18. Fomalhsut,or o of the Southern Fish,

L adtad ok A2l atl o e

1t is gencrally thought that the brightest
are the nearest, and that the stars appear to
us smaller the more distant they are from us.
Hence it follows that the number of the stars
must increase in the inverse ratio of each
magnitude : thut the stars which form the
second series, for instance, being on a more
distant, and consequently larger, visual cir-
cle than' that of the first series, are more
numerous : that the third series is richer
than the second, and so on. This is pre-
cisely what is observed. The stars of the
second magnitude number about 55 ; of the
third, 170 ; of the fourth, 500, etc. The
following is, indeed, an easy method of
knowing approximately the number of stars
of each order. It has been remarked that
each class is generally three times more
vumerous than that which precedes it; so
that by multiplying the number of stars
which compose any series by three, we have
nearly the number of those which compose
the following series. By this calculation the
number of the stars of the six first magni-
tudes—in other words, that of the whole of
the stars visible to the naked eye—would
give u total of about 6000. Generally it is
thought that more may be seen ; we think
We can count them by myriads, by millions :
in this as in everything else, we are always
given to exaggeration! Yet, in fact, the
number of stars visible to the naked eye, in
both hemispheres, does not exceed this figure,
und even then there are few eyes good
<nough to see more than 4000 or 5000.

But here, when our feeble sight gives way,
the telescope, that giant eye which increases
from century to cenmrft, piercing the depths
of the heavens,constantly discovers new stars.
After the sixth magnitude, the first glasses re.
vealed the seventh. Then they reached the
eighth, the ninth. 1t is thusthat thousands
have increased to tens of thousands, and that
tens of thousands have become hundreds of
thousands. More perfect instruments have
cleared these distances, and have found stars
of the tenth and eleventh magnitudes. From
this period they began to count by millivns,

i

9

The number of the stars of the twelfth mag-
nitude is 9,556,000 ; added to the eleven pre:
ceding magnitudes, the total exceeds four
teen millivns. By the uid of still greater
magnifying power, these limits are again sur-

assed. At the present time, the total num.

rof stars, from the first to the thirteenth
magnitude, inclusive, is calculated at 43,000,
000. The sky is truly transformed. In the
field of the telescope, neither constellations
nor divisions are distinguished ; but a fine
dust shines in the place where the eye, left
to its own power, only sees darkness on
which stand out two or three stars. In pro-
portion as the wonderful discoveries in
optica will increase the visual power, all re-
gxons of the sky will be covered with this

ne golden sand ; and a day will 2ome when
the astonished eye, raised toward: these un-
known depths, will be startled by the accu-
mulation of stars which succeed each other
in an endless manner, and will only discover
a delicate tlssue of light. D)

What is the extent occupied by these
myriads of stars which succeed each other
eternally in space? This question has
always attracted the attention of astronomers
as well as that of simple thinkers ; but they
were not able to commence any researches
relative to its solution until lately, when
delicate means have become accessible to us.

The ancients did not form the slightest

idea of the distance or nature of the ieavenly
bodies : they were thought to be emanutions
from the Earth, rising like the ignes fatu:
over marshy places. This would be a long
and curious story, and, like that of all pri-
mitive ideas, but little in harmony with the
grundeur of creation. To possess the power
of measuring the distance of the nearest star,
it is nccessary to measure the thickness of a
hair. A long time elapsed before this was
accomplished. I shall give at the end of
this chapter an idea of the method
employed, in order to succeed in these exact
determinations ; we will first satisfy our
curiosity, and learn At what distance the
nearest stars are from us.
" The nearest star is in the southern constel-
lation of the Centaur ; it is the star a. Ac-
cording to the most recent researches, it is
distant from us 211,300 times the distance
from here to the Sun. A few years ago, it
was believed to be farther, but more exact
determinations have definitely established
that it is not beyond the distance just men-
tioned.

It is very difficult, if not impossible, to
figure to one’s self such distarces, and to com-
prehend them, it is necessary for our mind
to associate with the idea of space the idea
of time ; to travel in some way along this
line, and to estimate its length by time. For
small distances, we do the same con the
Earth. If, for example, it is said that it is
310 miles from Paris to Strasburg, we with
difficulty figure this distance at first sight ;
but by associating the idea of the time neces-
sary to pass through it with a given velocity,
by learning that an express train going at
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Fig. 21.—A part of the constellation of the Swan, as seen through the telescdpo.

therate of 44 miles per hour, arrives there In
seven hours, we represent to ourselves the
road traversed. This method, useful for ter-
restrial’ distances, is necessary for celestial
ones : we shall also measure space by time ;
only, instead of the velocity of a train, we
shall take that of light, which travels at the
rate of 186,000 miles per second.

Well, to traverse the distance which sepa-
rates us from our neighbor e of the Centaur,
our courier takes three years and eight
months, 1f the mind wishes to follow it, it
must not jump with the twinkling of an eye
from the departure to the arrival, otherwise
it would no longer have the slightest idea of
the distance ; it is necessary to represent to
itself the direct path of the luminous ray,
and not associate itself with this path, which
it must imagine to travel 186,000 miles dur-
ing the first second of route, dating from its
departure ; then 186,000 miles for the second
second, which makes 372,000 miles; then
again 186,000 miles during the third, and so
on without stopping for three years und cight
months.

If we give ourselves this trouble, it will
cnable us to understand the enormous value
of the number ; otherwise, as it exceeds
every number which the mind is accustomed
to use, it will not have any meaning and will
remain uncomprehended.

Our nearest star is @ of the Centaur. The

one whose distance places it immediately
after is a star situated in another region of
the ‘sky, in the constellation of the Swan.
This is our second nearest ; which does not
prevent it being nearly three times more dis-
tunt from us than the first. The distances of
ten stars have been calculated. The follow-
ing are the nearest: The first column of
numbers represents the number of radii of
the terrestrial orbit (distance from the Earth
to the Sun) which must be luid out in line,
one from ‘the other, to reach the star; the
second column indicutes the number of years
light takes to traverse the distance :

« of the Centaur .. .. 211,330 3 years 8 months
« of the Swan 550,920 93¢ years.

Vega, or of Lyra . 1,330,700 21 L

Sirius, ¢ of the GreatDog 1,375,000 22 o

« of the Great Bear 1,550,800 25 ¢
Arcturus, v of Bottes.. 1,622,800 26 s

Pole Star .. .. .. .. 8,018,6005 ¢ .

The Goat, or of Auriga. 4,484,000 72 %

These are the ncarest stars., Most of thc;
stars whose distances have been calculatGy
are sume ot the brightest in the heavens, and
are among those of the first and secoud mag-
nitude. It may be asked if it be possible, by
comparison, to determine the probable dis-
tance of the regions where the least magni-
tudes shine. This is a curious question,
which Arago tried to solve and on which he
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reasoned as follows ¢’

We tuke, for instance, from the foregoing
list & meun -star of the first magnitude, not
Sirius, which exceeds all the others by its
brilliancy, but Arcturus or Vega ; we ask
ourselves to what distance must this star be
transported in order that it may diminish in
apparent brightness to the fourth magnitude,
and we see that it is necessary to. transport
it to a distance four times greater than its
present distance ; by withdrawing it to eight
times the vriginal distance, it would become
from the fifth to the sixth order: in the
mean, a star of the first magnitude, trans-
ported to twelve times its actual distance,
would still be visible to the naked eye, and
its light would not fall below the sixth mag-
nitude, '

William Herschel tried to extend the scale
of visibility which he had formed for the
naked eye to telescopic observations. He
prepared a series of telescopes of gradually
increasing power, and for the subject of his
-ohservations he took the nebula of Perseus.
There the eye could not distinguish any star.
If there were ang, they were necessaril
more feeble than the stars of the first magni-
tude would be, transported to twelve times
their actual distance ; the small instrument
showed a great number. Let us admit that,
in this great number, there are, which is pro-
bable, as bright stars as Arcturus, Vega,
etc., these stars, in order to become just vis-
ible after their intensity was quadrupled,
must be twice as far as the last stars visible
to the naked eye, that is to say, twenty-four
times farther than Arcturus, Vega, etc,

The second instrument, which increased
the light in the proportion of nine to one,
and brought the objects three times nearer,
discovered stars the traces of which were
not to be found in the first ; the intensities
of the stars were such as Arcturus, Vega,
etc., would become at thirty-six times their
distance. ]

By coming gradually to the telescope of
nine feet focal length, the observer perceived
stars of intensity similar to what the stars of
the first magnitude would uppear at 344
times the distance which now separates them
from us.

The eighteen-foot telescope extended its
power to 900 times the distance of the stars
of the first magnitude ; and it was evident
that a _more powerful telescope would have
showed stars still more distant. To escape
the numerical consequences that [ am guing
to deduce from Herschel’s results, it must be
supposed that, among the immense number
of stars that each telescope of smaller power

Fig. 23.—The same seen with the naked eye.
discovers, there does not exist one as brilliant

‘the knowl

* as Arcturus or Vega of Lyra; in a word, it

must be admitted that stars of the first mag-
nitude only lie near our solar system. Such
a supposition does not certainly deserve
refutation. i

There is no star of the first magnitude
whose light reaches us in less than three
years. ,

According to that, adds Arago, in conclu-
sion, the light of the stars of different o1ders,
in reality as large as Arcturus, Vega in Lyra,
etc., arrives from sueli distances from the
Earth that light could not pass through
them—
For stars of the :gcond magnitude in less

s a

LIV Nl AT I G years
s fourth magnitude 125
4 sixth magnitude . . . oF
For the last stars visible with the nine-
foot telescope . . . . . . . . . *
For the last stars visible with the eighteen-
foottelescope . . . . . . . . . 2100 *

The luminous rays which reach us from
the stars relate to us then, if we may so
express it,-the ancient history of these hod-
ies. But by what power did man arrive at

ed)ée of the distances of the nearest
stars? In astronomy there are facts which
surprise us by their grandeur, and which
exceed the sphere of the habitual conceptions
of man of such a way that one is tempted
to question them with doubt in spite of the
affirmation of astronomers, and even to
banish them to the rank of the deceitful pre-
tensions with which science is sometimes
surrounded, to impose on the vulgar. Of
this number are the principal conquests of
stellar astronomy, and partioularly the deter-
minations relative to the distance of the stars.

I shall endeavor to give an idea of the
method which is employed to determine these
distances, and by this explanation to remove
the unfavorable ides still entertained by many
of these perfectly established facts of modern
astronomy.

A few instants’ reflection will suffice to
show, that if the Earth moves in space, dur-
ing its annual course round the Sun, there
must follow an apparent displacement of
the other bodies in the sky. No one has
fooked from the window of a railway-car-
risge without seeing that the trees, houses,
hills, and other objects which sprinkle the
country, appear to move in an opposite
direction to the path of the train, and that

- the nearest objects are those which appear to

undergo the greatest displacement, while
the most distant move more slowly, as far as
the horizon, which remains nearly immova-
ble. It must then follow from the move-
ment of the Earth in space, that the stars,
situated in the region of the heavens which
the Earth leaves behind at a certain time of
the year, will appesr nearer together, while
the stars which the Earth approaches will
appear to get farther apart. This effect will
be necessarily less us the distances of the
stars become greater. If it were possible to
measure the displacement undergone by a
star in consequence of the movement of the
Earth, we should have the distance of this
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star. For let the ellipse in Fig. 23 be the
curve followed by the Earth in it3 annual

ath round the Sun, and let S be the Sun,
);‘ S T' a diameter of the terrestrial orbit, and
T and T” the position of the Earth at the two
extremities oF this diameter, that is to say,
at six months’ interval (as the Earth makes

Fig. 23.—Measure of celestial distances.

the entire passage in a year) ; lastly, let E be
the star whose distance is to be measured.

When the Earth is situated at the point T,
the angle 5 T' E is measured, formed by the
Sun, the iarth, and the star; when the
Earth is at T’, the angle S T- E is measured.
It is known that in every triangle tlhie total
of the three angles is equal to two right
angles, that is, to 180° ; therefore, if the total
of the two observed angles, STE and 8 T/ E,
is found, and this total is deducted from
180°, the value of the angle at E will bo
obtained, the angle subtended at the star by
the diameter of the terrestrial orbit. And
this value will be as exact as if we could
have been transported to the star to measure
it directly. The half of this angle, that is,
the angle S E T, is what is called ‘‘ the
annual parallax’ of the star E. Thus the
annual parailax of a star is the angle under
which an observer placed on the star would
see the radins of the terrestrial orbit

By always taking corresponding observa-
tions at two diametrically opposite points of
the Earth’s orbit in the course of the year, a
great number of measures of the annual par-
allax will be obtained in this manner. In
our example, and in our figure, the star is
situated near the pole of the ecliptic; the
operation is the same, although rather more
simple for the other positions of the heavens.
In practice, the measures of the angles S T E,
8T E, are obtained, in an exact way, by
comparing the successive positions of .the
star observed with that of a relatively fixed
star which has no parallax. The great
majority of stars are among the latter, As-
tronomical resaerches have proved that there
is not a single star with its parallax equal to
1. They are all below it. To form an idea
of this value, it must be uaderstood that, the
circumference of astronomical circles used in
observation is divided into 360 parts, called
de_grees,.each degree into 60 minutes, each
minute into 60 seconds. This value of g

second is so small that a spider’s thread,
placed in the field of view of the telescope,
entirely hides the portion of the celestial
sphere where the apparent movements of the
stars are effected, a portion at most equal
tol".

The star which these observations have

_proved to be the nearest, is the star a of the

Centaur ; its parallax is equal to 97 hun-
dredths of a second (0/.97). From the star
a of the Centaur, the radius of the terrestrial
orbit is then reduced to 0°-97. Now, in
order that the length of any stmight line seen
be reduced as to n?ippear only under the small
angle of 1 second, it is necessary that this
line be at a distance of 206,000 times its
length, and in order to reduce it to 0"-97 it
must be still farther removed to 211,330
times its length. These are mathematical
data. Therefore the distance from us of the
gtar a of the Centaur is 211,330 times the
radius of the terrestrial orbit, that is to say,
211,330 times 91 millions of miles.

This is the nearest star. Light travels for
three years and eight months to come from
it to the Earth. The other near stars suc-
ceed each other, as we have seen, at greater
distances.

From the preceding it will be seen that
these results, however prodigious they may
appear at first sight, are due to mathemati-
cal methods of great simplicity. All the
difficulty in this sort of determination con-
sists in the extremely minuate, long, and
laborious observation of the slight displace-
ment of the star in the heavens.

All these stars, vast as our Sun, separated
from each other by such distances, succeed-
ing each other in an endless manner in the
immensity of space, are in motion in the
heavens, Nothing is stationary iu the uni-
verse : there is not a single atom of matter in
absolute repose. 'The formidable forces with
which matter is animated universally regu-
late its action. These movements of the
suus of space are imperceptible to our eyes,
becuuse they are performed at too great a dis-
tance ; but they are more rapid thun any
velocity we can observe on the Earth ; there
are some stars which are carried away in
space with a rapidity of fifty miles per sec-
ond. To the eye which knew how to make
abstraction of time as of space, the sky would
be a moving swarm of sturs.

VI

VARIABLE STARS—TEMPORARY S8TARS—STARS
SUDDENLY VISIBLE OR INVISIBLE.

OF all the wonders which the telescope
has revealed in the fields of space, not one
has perhaps more right to the astonishment
of mortals than the existence of changing
stars, periodically variable, whose light and
color undergo a periodicity of brightness ; at
least, observers have not been more sur-
prised at any telescopic revelation. Stars
which, far from remaining fixed in an un-
changeable light, see their brightness period-
ically die away and again revive !—sturs
shining to-day with a splendid light will be
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invisible to-morrow, and after to-morrow
again revived ! The most daring imugina-
tion could-scarcely invent such creatures ;
and now even, when their existence has been
well proved, the mind can scarcely accustom
itself to realize it.
These are stars whose light undergoes a
riodical variation, bringing it by turns to
1t maximum and its minimum intensity.
To figure to ourselves well in what this sin-
ular change consists, let us call to mind our
gun, and let us suppose it subjected to these
variations. To.day it radiates the most
transcendent flames, and pours down into
the heated atmosphere fioods of dazzling
light ; for some days it preserves this same
intensity ; but behold, the sky remaining
clear as formerly, the light of the Sun grad-
ually dies away from day to day : at the end
of a week it has lost half its light ; at the end
of fifteen days it can be lovked at steadfastly,
and then it still fades, becomeg pale and duﬂ,
ong sending a wan light to the Earth.
u

t it revives, and withithope. Thefirst '

progress in its extinguished light is noticed ;
it becomes whiter and more brilliant. The
torch is relighted and increases from day to
day ; a week after its minimum intensity it
already sends forth a light and heat which
bring to mind the solar focus. Its increase
continues. And when a period equal to that
of its decline hus passed, the dazzling Sun
will huve regained all its power and gran-
deur. The Earth is innndated with the rays
of its brilliant light and its fertilizing heat.
But it does not enjoy this splendor long, for
already the Sun recommences its decreasing
curve, And soon, continually. The nature
of this new Sun is periodical, while the virtue
of our preceding one was to preserve a per-
manent light and heat.

It may be imagined that these variations
of light astonish the observer who contem.
plates them in the field of the telescope. The
periods are of all lengths, For some stars,
the thirtieth of the Hydra of Hevelius, fot
instance, the period is more than 1 yeur,
being 494 days. It varies between the fourth
magnitude and complete disappearance.
The star y of the neck of the Swan vuries
from the fifth to the eleventh magnitude in a
period of 404 days. Another star of which
we have already spoken in the chapter on the
constellations, o of the Whale, also called the
Marvellous (Mira Ceti), varies in 884 days
from the second magnitude to total disap-
pearance.  Other stars are regulated b
more rapid variations. The star whic
passcs most rapidly from its maximum to its
minimum is Algol in Medusa’s Head, which
we already know (3 of Perseus) For in 1
day 10 hours and 24 minutes it has fin-
ished its decrease ; in the same lapse of time
it has reacfied its maximum: its period is
only 2 days 20 hours 48 minutes. The star
d of Cepheus varies in a period of 5 days 8
hours and 87 minutes, from the third to the
fifth magnitude. It will be seen that these
variations are themselves very variable, and
that there are suns which puss with strange

I

rapidity from their greatest to their smallest
light, What are the prodigious forces
which regulate these gigantic changes?
Science has not yet been able to determine
this. Maupertuis said that variable stars
were of the form of lenses, that they turned
perpendicularly on themselves, and that’%\ey
presented to us successively their edg¢ xnd
front. At the period when they presented
the edge, their light was at the minimum ;
and at the time when they presented their
entire front, it was at their maximum. But
do lens-like suns exist? If the thing is pos-
sible, it is not proved. Not only are there
stars whose light changes periodically,
sometimes diminishing until they become
completely invisible, although, in reality,
they are not quite extinguished ; but there
are again others whose light is weakeaned
never to be revived, and which forever
have disappeared from the sky. These are
the extinguished stars of which the list is
rather long. The astronomer Ulugh-Beigh
stated, in the year 1437, that one star of
Auriga, the eleventh of the Wolf, six stars,
among which four of the third magnitude
near the Southern Fish, all marked in the
catalogues of Ptolemy and Abdurrahman-
Suphi, were no longer visible in his time.
In the seventeenth century, J. D. Cassini,
and at the end of the eighteenth, W. Her-
schel, pointed out a great number of other
stars which had completely disappeared.
These were systems for which the hour of
the end of the world had struck.

Speaking of the end of the world, this
dread is awakened in the inhabitants of the
Earth, not when stars disappear from the
firmament, for this is mostly noticed by
astronomers, but rather when a new body is
suddenly lighted up in the heavens. Indeed
there are stars which suddenly appear. In
the same year as the massacre of Saint Bar-
tholomew, on the 11th of November, 1572, a
magnificent star of the first mugnitude sud-
deuly appeared in the constellation of Cassio-
pea, effacing by its brilliancy the most beau-
tiful stars in the sky. It remained for eigh-
teen months, and disappeared never to
return,

Astrologers said that this appearance was
the same as that to the Magi at the birth of
Jesus Christ, and concluded from it that the
last judgment was near. Thirty-two years
later another new star appeared in the con-
stellation of Serpentarius. From the day of
its uppearance, the 10th of October, 1604,
according to Arago, it was/white; it sur-
passed stars of the first magnitude in bright-
ness, also Mars, Jupiter, and Saturn, which
were near it. Many compared it to Venus,
Those who had seen the star in 1572 found
that the new one exceeded it in brightness.
It did not appear to become fainter in the
second half of the month of October ; on the
9th of November, the twilight which effaced
Jupiter did not prevent this star from being
visible. On the 16th of November Kepler
perceived it for the Jast time, but at Turin,
when it reappeared in the east, at the end of
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December and at the beginning of January,
its light was fainter ; it certainly surpassed
Antares, but was not equal to Arcturus.
On the 20th of March, 1605, it wassmaller in
appearance than Saturn, but it exceedqd in
brightness the stars of the third magnitude
in’ Ophiuchus. On the 21st of April it
secemed equal to the shining star of the third
magnitude in the knee of Ophiuchus. It
diminished imperceptibly ; on the 8th of Oc-
tober it was still seen, but with difficulty vn
account of the twilight. In March, 1606, it
hud become completely invisible. .

These appearances, like all extraordinary
phenomena, excited terror and awakened
ldeas, not to be stifled, of the conflagration
»f the world, the fall of the stars, and the
end of time. One of the most memorable
predictions is that in 1588, announced in
emphatic Latin verse, of which the following
is a translation :

¢ After one thousand five hundred years, datlnﬁ
from the conception of the Virgin, this eighty-eight
year will be strange and full of dread ; it will bring
with It sad destinles. 1If, in this terrible year, the
perverse world does not fall into dust, if the earth
and seas are not annihilated, all the empires of the

vrorld will be overthrown, and affliction will oppress
the human race.”

This prediction was later renewed in favor
or disfavor of the seventeenth century, and
the Mercure de France announced the greatest
revolutions for the year 1788, It then passed
for having been found in the tomb of Regio-
montanus. Authors did not think how right
they were to describe this memoruble epoch
under the title of revolution.

But while considering these predictions,
the list of which would be longer than at
fitst imagined, I cannot help relating the
curious mystifications worked in 1524 by the
German  astrologer Stoffler. According to
him, on the 20th of February of that yeur,
the conjunction of the planets in the Fishes
must produce a universal deluge. Astrolo-
gers gave faith to it like the common herd :
the sinister news soon traversed the world,
and they prepared themselves to see the uni-
verse pass from time into eternity. ‘ Allthe
provinces of Gaul,”” says an author of that
period, ‘“ were in strange fright and doubt of
a universal inundation, and such that our
fathers had not seen, or was known by his-
torians or others, by means of which men
and women were in great fear: And many
removed from their low dwelling-places, and
found higher spots, made provision of meal
and other matters, and had processions and
general and public prayers, that it might
please God to have pity on his people.”

Fear seized on a great many minds.
Those who lived near the sea or rivers left
their abodes, and sold, at immense losses,
doubtless to unbelievers, their properties and
goonds. At 'Toulouse, another Noah con-
¢ iucted a ship to serve as an ark to his fam-
ily and friends, and, %robably, also to a few
couples of animials. This was not the only
case. According to the account of the his-
torian Bodin, ‘‘ There were many infidels
who made arks to save themselves, although

God’s promise and oath, neveragain to drown
man by a deluge, was preached to them.”
Many and many a time the prediction wag
given out, and, sad to say, it always found
the same number of believers, although each
time the event gave it a positive denial. In
1584 the fear caused by an announcement of
this kind was so great that the churches were
unable to contain those who sought refuge in
them ; a great number made their wills
without reflecting that it was useless if all
the world was to perish : and others gave
their goods to the priests, in the hope that
their prayers would delay this day of judg-
ment. I believe that as long as the world
remains it will fear its dissolution.

These singular stars which are suddenly
lighted up in the heavens, to be extinguished
soon after—these variable suns which pass
through all degrees of light, and seem, like
Castor and Pollux, to have received as a des-
tiny an everlasting transitory movement from
life to death and death to life, little suspect
the terrors which they so innocently cause to
spring up among men. What unknown
power presides over these variations of light
and heat? What influence on the planetary
worlds which circulate round these bodies
of so strange a nature? What thought
regulates these movements, and what hand
constructs beings born to live in harmony
with such systems? What distance sepa-
rates terrestrial uature, where years follow
each other by a permanent law, and bring
back successively the same phenomena, from
those worlds where such prodigious variations
take place? The mind is astonished with
these questions and cannot answer them.

VIL

DISTANT UNIVERSES—DOUBLE, MULTIPLE,
AND COLORED SUNS-

TrE wonders we have just reviewed be-
come insignificant before those which we ap-
proach. Here, what we call naturul is quite
overthrown. Our observation, ideas formed
by experience, classification, and judgment
in that which concerns the works of
natire, have no longer the least applica-
tion. We are really in another world,
strange, improbable, and unnatural to us.
Life, the forces which sustsin it, light,
heat, electricity, the periods of days and
nights, seasons, years, the visible and in-
visible world, all are transformed. Here
we are on the surface of celestial globes,
illuminated by many suns, of all magni-
tudes, lights, -colors, and by moons with
many-colored disks. Nothing like it has
been seen on the earth : are these truly our
worlds ? are these not other universes §

Let us, then, sum up the studies we have
made on the nature of these worlds in our
panorama, and let us observe the essential
types of the astonishing diversity which
contrasts them from ours.

The white light of our Sun pours its daz-
zling rays from the azure height, and,
thanks to the transparent atmosphere in which
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a thousand reflections form a real reservolr
of light, allthe objects which clothe or people
the surface of the glohe are enveloped 1n this
light. Nevertheless, this white light is not
simple. It contains in its rays all possible
colors ; and bodies, instead of appearing to
us clothed with a uniform whiteness, absorb

- certain colors of thls complex ray sand reflect
others ; it is this reflection which constitutes_

the coloration of these bodies. This depends,
then, on the molecular agency of the reflect.
ing surface, on its power of receiving certain
rays of the spectrum, and of repelling others.
But all these colors constitute the original
white—the one source of these various ap-
pearances,

It is now well to remember that this theory,

applicable to the organic world, receives still
more considerable iniportance when we con-

sider the mode of coloration of organic sub..
The beuuty of plants, the diversity.
. of the mecadows, the gold of the fields, the .

stances,

whiteness of the lily, the scarlet, orange,
azure, and the charming shades which fuim
the richness of the flowers, the brilliancy of
plumage of little tropical birds, the snowlike
doves, the yellow fur of the desert lion, like
the radiancy of flaxen hair : it isto the white
]ith. of our Sup that we must go for the ex-
planation of these visible beauties—in him re-
sides the source of the infinite shades which
decorate the forms of nature.

Now let us, for an instant, suppose that,
instead of a white sun, the source of all the
light which inundates us, we had a dark blue
sun. What a change is soon woiked in na-
ture ! The clouds lose their silvery whiteness
and gold from their flakeg, and spreading a
darker vault under the beavens, all nature is
covered with a colored penumbra, while the
beautiful stars remain in the noonday sky ;
the flowers lose the light of their brilliant
dress ; the fields succeed each other in the
mist as far as the invisible horizon ; a new
da% shines under the heavens.

he carnation of fresh cheeks loses its bud-
ding bloom, faces appear to be aged, and
astonished humanity asksfor the explanation
of such a stiange phenomenon. We know
the rudiments of things so little, and we hold
so much to appearances, that the whole uni-
verse aseems to us renewed by this slight
modification of solar light.

How would it he if, instead of an indigo
sun, following its apparent course with reg
ularity, making the yearsand days certain by
ita own rule, a second sun suddenly arrived
in addition to it, a scarlet sun continually
disputing the empire of the world of colors
with its partner ? Imagine at noon, st the
moment when our blue san spreads that
shadowy light over nature which we have
just described, the confiagration of a re-
splendent orb kindling its flames in the east.
Greenish silhouettes suddenly rise threugh
the diffused light, and opposite each object &
dark shadow cuts the blue light which
spreads over the world. Later the red sun
rises as the other sinks, and the objects are
colored, to the east with the red rays, to the

west with the blue. Later still, az a fresh
mid-day lights up the earth, the first sun
vanishes, and from that time nature is clothed
with a scarlet fire. If we pass to the night,
scarcely have the last rays of the pur%le snn
faded away in the west, like distant Bengal
fires, than a uew sunrise appears opposite
the azured glimmer of the cyclops with the
blue eye.

Is it possible for the imagination of poets
or the caprice of painters to create on the
palette of fancy a more daring world of light
than this one? The foolish hand of chimera,
throwing on its impressible sheet the odd col-
ors of its will, can it erect at hazard a more
wonderful edifice this this ?. Hegel said that
““all which is real is rational,” and *‘all
which is rational is real.”’ Yet this hold
thought does not express the whole truth.
There are many things which do not appear
to us rational, and which, nevertheless, exist
in ‘reality in the numberless creations of
space which surround us.

‘What we have just said respecting an earth
lighted up by two suns of different colors,
one being dark blue and the other scarlet, is
not imaginary. In a besutiful calm, clear
night, take your glass and look at Perseus, *
this hero walking in the midst of the Milky
Way, holding Medusa’s head in his hand;
look at the star 5, this is a World such as that
of which we have just spoken. The large
star is of a beautiful red, the other of a dark
blue. At what distance is this strange ays-.
tem situated ? No one can tell. It can only
be stated that, at the rate of 186,000 miles
per second, light takes more than a hundred
years to reach us from thence. A

But this is not the only system of the kind.'
That of y of Ophiuchus resembles it 80 much/
that they may be easily mistaken one for the
other (at such a distance it would indeed be
excusable) only in the system of Ophiuchus
the blue sun is not so dark as in the others.
One star of the Dragon very much resembles
the preceding, but then the large sun is of a
deeper red, its small one bluish; another
again, 7 Argo, has its large sun blue and its
less brilliant one dark red.

Thus we have our imaginary world realized
in many parts of space. And perhaps there
are human eyes who thus contemplate those
wonders each day. Who knows ?—and the
thing is very probable—perhaps they pey no
attention to it, and from their cradle accus-
tomed like us to the same sight, they do not
appreciate the picturesque ’ value of their
abode. Thus are men constituted. The
novel and unexpected alone affect them ; as
to the natural, this seems but an eternal,
necessary, and fortuitous state of blind na-
ture, which does not deserve the trouble of
being observed. If the ple came thence:
to us, though acknowledging the simplicity
of our little universe, they would not fail to |
observe it with surprise, and be astonished |
at our indifference. 1

The suns which constitute these multiple
systems differ therefore from ours by their
coloration ;: and. among the whole of the
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sodies, a fresh variety again manifests itself,
Colored binary systems are not composed
solely of the red snd blue suns to which we
have just alluded ; the means have not been
at fault ; it is the same here as in the uni-
versality of the productions of nature ; it is
from an inexhaustible source that it has
drawn the richness and sumptuousness with
which it has decorated its works. .

For instance, the following is fhe beauti-
ful system of y of Andromeda, The large
central sun is orange, the small one which

ravitates near it is emerald green. What
'ollows from the union of these two colors,
the orange and the emerald? Is not this
an assortment full of youth, if this metaphor
be permitted? A large and magnificent
orange sun in the midst of the heavens ; then
a bright emerald which frﬂoefully joins its
green radiations to the gold !

Then, again, in Hercules, we have two
suns, red and green ; in Berenice’s Hair, one
pale red, the other & clear green; in Cassi-
opea, a red and a green sun ; a fresh series
of soft and churming shades.

Let us:change the prospect : to do this, it
is only necessary to consider other systems.
There is more variety among them than in
all the changes which an optician can pro-
duce on the screen of a magic-lantern. Cer-
tain planetary universes lighted up by two
suns have all the series of colors included un-
der blue, and the brilliant shades of gold and
purple which throw so much vivacity on this
world are there unknown It is in this cate-
gory that are placed certain systems situated
tn the constellations of Andromeda, the Ser-
pent,Ophiuchus, Berenice’s Hair, etc. Others,
a%am, only know red suns, like a double star
of the Lion, for instance. Some other sys-
tems are devoted to the blue and yellow, or
at least are lighted up by a blue sun and a
yellow sun, which only give them a limited
series of shades comprised in the combina-
tions of these primitive colors ; such are the
systems of the Whale, of Eridunus, one of
which is straw color and the other blue, the
Giraffe, Orion, Unicorn, the Twins, Bodtes,
the large yellow and the greenish-blue of the
Swan ; the small one is of an intense blue.
‘We have, on the other hand, assortments of
red and green, as is seen in Cassiopea, Bere-
nice’s Hair, and Hercules,

Other stellar systems are nearer ours, in the
sense that one ot the suns which illuminates
them has, like ours, a white light, the source
of all colurs, while its neighbor throws a sim-

le radiation on everything. For instance,
1n the worlds which revolve round the great
sun ¢ of the Ram, the large sun is white;
but we constantly see in the heavens another
smaller sun, whose blue retiection covers the
objects exposed to its rays, as with a veil.
The 26th of the Whale is in the same con-
dition, and it is the same with a great num-
ber among the brightest stars. Such is the
star y in'the Swan’s neck, which is besides
one of the most remarkable of the variable
stars, forin a period of 404 days the large
white sun diminishes from the fifth to the

eleventh magnitude and returns to its prim-
itive state. To the worlds which gravitate
round the principal sun in these binary sys-
tems, the original white light appears to give
rise to the infinite varieties which we ob-
serve on the Earth, with the addition of a
blue light constantly coming from the other
sun ; but to the planets which gravitate round
this one, it is the blue coloration which pre-
dominates, whilé the action of the more dis-
tant white sun is only secondary.

In the same way as there are white suns,
accompanied with blue suns, some are also
accompanied with red or yellow suns. But
I must not dwell on this enumeration if I
wish to review the whole host of the sky.

What a variety of light with two suns, one
red and the other green, or one yellow and
the other blue, must be experienced on a
planet which revolves round one or the other ;
and what charming contrasts, and what mag-
nificent alternations must arise from a red
day and a green day, succeeded in turn with
a white day and with darkness! What na-
ture is there! What unimaginable beauty
clothes with unknown splendor these dis-
tant lands scattered in endless space ?

If like our moon which gravitates round
the globe, or like those of Jupiter and Baturn,
which unite their mirrors on the dark hemi-
sphere of these worlds, the invisible planets
which are there poised are surrounded with
satellites which constantly accompany them,
what is the aspect of these moons, lighted
by many sunsf That moon which rises from
the luminous mountains is divided into dif-
ferently-colored quarters, one red, another
blue ; this other only presents an increasing
yellow ; that one is at its full : it is green,
and appeuars suspended in the heavens like an
immense fruit. A ruby moon, an emerald
moon, an opal moon—what heavenly jewelry!
O night of the Earth, which modestly silvers
our solitary moon, thou art very beautiful
when the calm and pensive mind contem-

lates thee | But what art thou beside nights
illuminated by these wonderful moons ?

And what are eclipses of the sun on these
worlds ? Multiply suns and multiply moons,
to what endless changes must your mutually-
eclipsed lights give rise? The blue sun and
the yellow sun stand near each other ; their
combined light produces green on the sur-
faces illuminated by both of them, yellow or
blue on those which receive only one light.
Soon the yellow approaches the blue ; already
it enters on its disk, and the green spread over
the world fades, and fades, until the moment
when it expires, melted into the gold which
pours in space its beautifying rays. A total
eclipse colors the world with yellow. An
annular eclipse presents a blue ring round a
gold-piece. By degrees, imperceptibly, the
green revives and holds its empire.

Let us add to this phenomenon another
which would be produced if a moon came
over the beautiful middle of tkis gold
eclipse, to covel the yellow sun itself and to
plunge the world in obscurity, then follow
the relations existing between its movement
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and that of the Sun, continuing to hide it
after its departure from the blue disk, and then
to leave nature again fallen under the veil of
a cew azure. ' Let us again add—but no, this
is Nauture's inexhaustibgie treasure ; however
much we take from it,it will not be im-
povcrished.

BOOK THIRD.
L
THE PLANETARY SYSTEM.

‘WE will now descend from the starsas a
‘whole to a particular vne ; from the general
contemplation of our universe to the study of
a limited region. After having embraced
the extent of this vast and imposing domain
explored by science, we shall concentrate our
attention on a single point, like the observer
who, wishing to give an account of the
position of a house in a landscape, after hav-
\ng first examined the neighborhood and

laces which surround it, concentrates his
attention oun the house itself. If the im-
mensity of the numbers or the infinity of this
expanse no longer preseni themselves in this
new contemplation in a way to astonish our
mind and confuse our faculties, the inalien-
able characteristics which universally dis-
tinguish the works of nature will reveal to
us more sensible and touching beauties, not
less worthy of our attention. In rature’s
perfeet woik, the most modest of its creations
present the divine sign of their origin, and
the most simple unfold a hidden splendor,
not less wonderful than the most brilliant
manifestations. Thus the splendid corusca-
tions of the Aurora Borealis, which the gi-
gantic shadow of an invisible hand lifts up
on the icy pole, are produced in a brighter
color, and in a still more charming aspect,
on the perfumed corolla of each little flower.

Nevertheless, it must not be imagined that
we are going to descend to small objects.
They have still colossal forms, at the sight
of which the imagination is confused. e
are going to occupy ourselves with the sys-
‘em of worlds to which the Earth helongs,
and which is commanded hy the Sun. Per-
haps even we shall feel greater interest in
studying things which relate to us more
closely, than in those whose distance makes
us strangers to their most precious riches.

Here were are at length, arrived nearly at
our own abode in space. Deseended from
the heights of sidereal creation, after having
commenced our study with the imaginary
circumference which the limits of our sight
extended by instruments describe round the
point we inhabit, we have gradually ap-
proached the centre. Is not the observation
of our celestial position more interesting than
that ef the other cities of space ?

The Sun which lights us isone of the stars
of the Milky Way, a unit lost in the millions
which constitute this nebula. But it is no
longer as a star that we must now examine
it, but as the centre of a system of worlds
grouped around it. Around this luminous

i

body are collected opaque bodies, dark in
themselves, and which receive their light and
heat from it. These dark bodies are called
Planets. To render the study of them more
easy, and to help to distinguish them better,
they may first be_divided iInto two very dis-
tinct groups. The first, near the:Sun, is
formeg of four planets, of small dimensions
relatively to those of the second group.
These four planets are, in the order of their
distances from the. Sun, Mercury, Venus, the
Earth, and Mars.

The second group, more distant from the
Sun, is also formed of four planets ; but they
are large as compared with the preceding.
These four worlds are in the order of their
distances from the radiant body, Jupiter,
Saturn, Uranus, and Neptune. These bodies
sre so bulky that the first four united into
one would not form one globe of the size of
the smallest among them.

Now, between these two distinct groups
there is a third, forined of a counsiderable
number of small oodies, of which 109 are
already known. These little planets occupy
the space which extends from the first to the
second group. Compared with the other
globes the system, they are very small
bodies indeed, for most of them measure less
than a hundred leagues in diameter ; and in
some even the diameter is only a few miles.

These planets, great and small, are the
principal members of the family. We must
now add to themn some secondary members,
satellites which belong to some of them, and
are grouped round the planets, like these are
round the Sun. Of these satellites, the Earth
possesses one, the Moon ; Jupiter four, Saturn
eight, Uranus four and Neptune probably two.

At what distanees are these planetary
bodies situated round the central body ? Mer-
cury, the nearest, is 35,000.000 miles from
the Sun ; Venus, which couc. next, at 66,-
000,000 ; the Earth, 91,000,000 ; and Mars,
139,000,000. The group of the small planets
occupies a more distant zone, in the mean
266,000,000 miles from the central orb. Then
come the four large planets : Jupiter nearly
476,000,000 miles; Saturn, 872,000,000 ;
Uranus, 1,754,000,000; and Neptune, the
last, 2,746,000,000 miles. All revolve round
the Sun at the respective distances which
have been stated, and revolve in more or
less time, according as they are more or less
distant from that body. The nearest having
a shorter path to travel, and being more
strongly attracted, revolve more rapidly ; the
more distant travel slowly, compared to the
eceding. The Earth takes 365 days to ac-
complish its revolution ; Mereury only 88
while Neptune takes more than 164 years.
These movements are regulated by an udmir-
able and very simple law discovered by the
illustrious Kepler, after thirty years of study.
Expressed in astronomieal terms, this law is
thus announced : *‘ The squares of the time
of the revolutions of the planets are as the
cubes of their distanees from the Sun.”’ In
other words, by multiplying the number
which represents the distance of a planet
from the Sun thrice into itself, we have dou-
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ble the time of its revolution multiplied by
jtself. A little attention shows how simple
this formidable law, which directs all the
celestial movements in space, is. Thus, for
instance, Jupiter is five times farther from
the Sun than the Earth. I multiply this
number three times by itself, 5 x 5 x § =
125. Well, this number 125 is precisely
double the time of the revolution of Jupiter,
multiplied by itself. It is the same for all
plancts, satellites, and celestial bodies. I
must add, for the use of those who wish to

o further into astronomy, that these bear-
ings are not rigorously exact, and thatif they
were, the system of the world would be soon
overthrown.

These movements, the formula of which
was discovered by Kepler, are caused by at-
traction or universal gravitation, this law
having been discovered by Newton. All
bodies in nature attract each other ; the Sun
attracts the Earth, the Earth attracts the
Moon, and in the infinitely small, as in the
infinitely great, the elementary molecules are
seen to attract each other hy the law of affin-
ity, and to constitute visible matter, which
is only an assemblage of atoms in juxtapo-
sition. It is in virtue of this universal force
that the worlds launched in space describe a
curve round the Sun; from this rapidly
travelled curve would follow a force which,
like that with which a stone is animated
when it starts from a sling, would throw the
planets out of their orbits, if the attraction of
the Sun did not hold them captive.

To complete this sketch of the Empire of
the Sun, we must add to the preceding, cer-
tain bodies which, without departing from his

kingdom, arealways journeying. ¥From tlme .

to time they pay a visit to the capital, then
return to the provinces, at every imaginable
distance. These are comets, wandering
beings, if ever there were any, indefatigable
travellers, but which the powerful attraction
of the solar body always retains in the limits
of his domain.

Such is the little group of worlds of which
our Sun is the sovereign.

Imagine a magnificent vessel, the Great
Eastern for example, sailing in the open sea.
Around it move a quantity of little bouts,
which are insignificant in comparison, and
around some of these boats children’s little
boats, like these we see in the ponds in our
squares. The boats placed at different dis-
tances move round the large vesscl, and the
toy-boats revolve round these boats. Lastly,
a guantity of canoes alternately recede from
and approach the large vessel, moving in
ellipses. )

This fleet of various small vessels is not
immovable on the ocean : and thisis the most
wonderful point. Besides all the circular
movements of which I have just spoken, we
must see the collective movement of the fleet,
carried away on the liquid plain by the
master vessel. Fixed in the middle of the
boats which revolve round it,the brilliant great
ship sails on the ocean, drawing with it all
its iittle satellites without their perceiving it,

occupied as they are in faithfully revolving
round the centre. So the Sun which it
represents sails in space, drawing with it the
Earth, Moon, planets, comets, and all its
gystem. Where is it in% Toward what

oint are we all directed ? hich is the point
in space which sees our great fleet advancing
toward it ? :

It would be difficult for me to tell you
if we are going to strike against a rock
or to cast anchor in a gulf; I rather
believe that we shall continue cur path
indefinitely, describing a gigantic orbit in
the heavens., We are actuslly approach-
ing an imposing constellation,
stellation of Hercules, situated between Lyra
and Bootes. One day a small star will
be seen to arrive in this constellation, be-
tween the stars  and « at a quarter of the
distance from the second to thefirst. At this
period the general aspect of the constellation
will begin to change to us, seeing that the
stars which we spproach will get farther from
each other, as those which we leave behind
will draw nearer together, and those on each
side of us seem to fall back ; but this period
is so distant from us that the best eyes can-
not reach it. It is true the Sun carries us
away with a velocity of about two leagues
per second, but there is such a distance be-
tween each star that this progress is almost
insignificant. It must be remembered that
there are stars whose movement is still more
rapid. ’

Such is the aspect under which it is proper
to cotaprehend the Sun in passing from its
70le of star to that of the head of a system:
Now this last réle will be the only one that
we shall study. The stars being suns, it is
more thau probable that to study and com-
pletely understand their history they must
also be considered under the same aspect,
and be equully surrounded by their respec-
tive families; but these families are un-
known to us, and man’s mind is so consti-
tuted that it is difficult for him to entirely
comprehend the sphere of known things, and
he would be easily lost did he try to go be-
yond. Moreover, we always preserve, what-
ever we do, a little background of egotism,
and we gladly reserve our attention for per-
sons or things which touch us nearest. We
have now passed definitely from sidereal to
planetaty astronomy,

IL
THE SUN.

THE resplendent body which shines over
our heads occupies the centre of the gioup
of worlds to which the Earth belongs. Our
planetary system owes its existence and life
to it. It is truly the heart of this gigantic
organism, as expressed in olden times by a
happy metaphor of Theon of Smyrna, and
its reviving pulsations sustain its long exist-
ence. Placed in the midst of a family as
father, over which it ceaselessly has watched
from unknown ages when the worlds left
their cradles, it governs and directs, both in
the maintenance of 'its interior econumy and

the con-

ke
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in the individual rdle which it fills amid the
universality of the sidereal creation. Under
the impulses of the forces which emanate
from it, or 6f which it is the pivot, the Earth
and our companivns the planets gravitate
round it, imbibing in their eternal courses
the elements of light, heat, and magnetism,
which constantly renew the activity-of their
life. This magnificent body is. at the same
time, their support in space, the fire which
warms them, the lamp which lights them, and
the femtile source which pours out on them
ilie treasures of existence, It is he who per-
mits the Earth to float in the heuvens, held
by the invisible network of the planetary at-
tractions , ‘it is he who guides it in its way
and distributes to it years, seasons, and days.
It is he who prepares & new clothing for the
sphere yet frozen in the nakedness of winter,
and who invests it with a luxuriant dress
when it inclines its pole covered with snows
toward him ; it is he who gilds the harvests
fn the plains and ripens the heavy grape on
the warm hills. It is this glorious body
which, in the morning, spreads the splendor
of the day over the trunsparent atmosphere,
or rises from the sleeping ocean, which he
will transform into charitable dew for the
thirsty plains ; it is he wh, forms the winds
in the air, the twilight breeze on the shore,
the ocean currents which traverse the waters.
It is again, he who sustains the vital prin-
eiples of the air we breathe, the eirculation
of life in the organic kingdoms, in a word,
the regular stability of the world. Lastly,

it is to him who we owe our intellectual life -

and the collective life of entire humanity, the
perpetual food of our industry ; and more
than this, the activity of the brain which
allows us to clothe vur thoughts with a form,
and mutually trausmit them in the brilliant
intercourse of intelligence.

What imagination is powerful enough tc
comprehend the extent of the Surn’s action
on all the bodies subjected to its influences ?
A million arid a half -times larger than the
Earth, and seven hundred times larger thun
all the planets together, he represents the
whole planetary system ; and this system,
which is a mere nothing compared with the
stars, he draws through the deserts of space ;
and these worlds follow him at his will like
dark passengers carried away by a splendid
vessel on an endless sea. Ile makes them
revolve round him, that they themselves may
imbibe in their course the suppoit of their
existence ; he governs them with his royal
power, and regulates their formidable move-
ments,

From these striking manifestations of his
power, let us now descend to his hidden ac-
tions. Let us see his light and heat act on
the organism of the planets which regard him
with love and take long draughts of his fer-
tile rays, on the electricity of minerals and
on the diurnal variations of the magnetic
needle, on the formation of clouds and the
coloration of meteors ; let us seethem, these
occult influences of light and heat, deseend-
ing through the pure air even to our very

souls, so eminently accessible to exterior im-
pressions, and communicating to them oy
or sudness, and perhaps we shall begin to
form an idea of what a ray of sunlight is, in
the infinitely small of terrestrial nature as in
the infinitely great of sidereal phenomena,
But what is the nature of this powerful
body whose action is so universal, which he
burns in this vast censer, what are the frag-
ments which constitute this splendid globe ?
Does it contain In itself the conditions of an
infinite duration or is the Earth rather des-
tined one day to see this lamp of life ex-
tinguished, and revolving henceforth in the
darkness of an e¢ternal winter ? These ques-
tions belong to a lawful curiosity, and we
wish that a satisfactory answer could be made
to them. When we wish to appreciate the
nature and greatness of a high person, we
do not generally seek to prove his defects, to
smdf' the hlemishes in his character; this
would be a singular way of judging his value ;
and even were this so, we owe it to human
jmperfection, from which the greatest of us
are not free. But if referred to u being whose
distinctive character lay precisely in being
not only of a magnificent purity, but also the
source of all light and purity, people would
not seek for spots to understand him. In-
deed, the learned were very astonished 260
years ago, when King Sun, the god of day,
was accused by the telescope of being con-
stantly covered with spots ; and would it not
be still more astonished if it discovered that
these spots were precisely the only means
that the Sun gives us to penetrate his nature ?
They almost believed ou this occasion that
pride is in the inverse ratio of worth. The
official savants of that time, the theologians
and disciples of the school of Aristotle, were
not williug to believe anything. The provin-

‘cial father of the order of the Jesuits at

Ingolstadt, replied to Scheiner, one of the
first after Galileo who had seen the Sun and
its spots through a glass, that Aristotle had
proved that, in general, all stars were incor-
ruptible, and that the Sun in particular was
the purest light possible, consequently that
the pretended spots of the Sun were in the
gasses of his telescopes orin his eyes. When

alileo made the same observation, the Peri-
gatetics exerted themselves to prove to him,

ooks in hand, thatthe purity of the Sun
was invincible, and that he hud seen badly.
And, indeed, who would have suspeeted such
a thing! Spots on the Sun! This must be
an error, and an evident delusion !

However, the Sun has spots, and the most
curious fact is that these spots have enabled
us to know its nature and physical constitu-
tion, while without them we should not have
been able to acquire the slightest notion of
the disposition of this great body.

Let us see, then, in what the spots of the
Sun consist.

Generally, this is the aspect which they
present to us in the fleld of the telescope.
(See Fig. 24.) Two very distant portions are
noticed. At the centre a well-defined black
region. Around it a region not so black or
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Fig. 24.—A Sun Spot.

grayish compared with the surface of the Sun
which surrounds it. The central part has
received the name of umbra ; sometimes at
the centre of this part is noticed a more in-
tense dark spot, which is called *' the nu-
cleus.”” The exterior region of the spot has
received the name of ‘‘ penumbra.”” When
it is stated that the centre of the spot is black,
this expression must be understood as rela-
tive to the general surface of the Sun; for
this centre, however dark it may appear by
contrast, has been found of a light equal tv
two thousand times that of the full Moon.
We may be led to the belief that these
spots, generally invisible to the naked eye,
are insignificant novements carried on on the
Sun’s surface, and of small extent. It is
not so. They are daily and very important
phenomena. Some of them have been known
to measure 80,000 miles ; that is to say, they
are ten times larger than the Earth. Our
globe falling into most of them would be lost
as in a well. Besides being of this size, they
are also the seut of various actions and pro-
digious phenomena. They are not formed
suddenly as a whole, but increase to the limit
they attain, and afterward diminish. Some
only last a few weeks, others months.
Now the movements with which they are
animated, either for their increase or diminu-
tion, or in their internal action, are sometimes
of unheard-of rapidity. Lately astronomers
have followed a dazzling meteor passing
through a group of spots with a velocity of
two thousand French leagues per minute, In
other parts they have watched circular
whirlwinds, dragging into their commotion
large spots like the Earth, and swallowing
them up in abysses with fearful velocity.
Sometimes are seen the crests of stormy
waves extending over partsof the penumbra,

and rising on the white surface of the Sun asa
still whiter and brighter substance, doubtless

rojected in their ebullition by interior forces.

here have, besides, been seen immense
bridges of fiery substances cast suddenly
over a black spot, crossing it from one end
to the other, liﬁe an arch of luminous strize,
which sometimes is dissipated, and falls
down into the abysses of lower whirlpools.
This body, which each day pours out over
our heads such a pure and calm light, is the
seat of powerful actions and prodigious
movements, of which our tempests, hurri-
canes, and waterspouts give us but a slight
idea; for these gigantic disturbances are
not performed, as here, in an atmosphere of
a few leagues thickness and over a few
leagues area, but in proportions as vast as
its atmosphere, which rises thousands of
leagues above its surface,* and as its volume,
which exceeds 1,450,000 times that of our
globe. One of the first results of the obser-
vation of solar spots was to discover that the
Sun turns on its axis in about twenty-five of
our days.

Indeed, if we watch for several consecu.
tive days any of the spots visible on the
solar surface, or a group of spots, oreven the
whole Sun, we shall not be long in remark-
ing that the spots are all animated with the
same movemment from one edge to the other
of the solur disk, If, for instance, we begin
to follow a spot from its appearance at the
eastern edge, we observe that it advances
slowly toward the middle of the body, which
1t reaches about seven days after its ap-
pearance ; then it passes it, and con'inues
its course tuward the west, and seven days

* The recent spectrum observations tend to dis-
prove this,—TR,
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after it reaches the edge and disappears.

After a period of fourteen days, em-
ployed in travelling over the opposite hemi-
sphere, it reappears at the same place, and
follows the path previously pointed out.
These observations evidently show that the
Sun turns on an axis. This rotation of the
Sun shows its spots in the following man-
ner:

If the period of the reappearance of the
spots is from twenty-seven to twenty-eight
days, this does not refute the number of
twenty-five days before mentioned. The
difference proceeds from the Earth not re-
muining immovable in space, but turning
round the Sun. In order that we might
observe directly the duration of rotation, it
would be evidently necessary, as a first
condition, that we should remain at the
same place ; for otherwise, if we turn round
the body in the direction of its movement,
we should still seethe spots after the moment
when they are invisible at the point where
we were at first ; and if we goin the con-
trary direction, we shall cease to see them
before they cease to be visible at the sume
point. Now, in its translatory movement
round the Sun, the Earth, advancing in the
direction of its rotation, sees the spots two

“or}%}0y 8,ung oYL — ¢ ‘g

days and a half after theilhave disappeared
at the point where the Earth was at the
commencement of the ohservation.

This rotatory movement takes place from
west to east, like that of the Earth and all
planets of the system. Thus by telescopic
examination, this body declared fixed and
incorruptible in antiquity, is stripped of its
two distinctive qualities. The diurnal rota-
tion of the Sun is twenty-five times longer
than that of the Earth ; but it differs essen-
tially in its immediate consequences, because
it does not produce on the surface the alter-
nate day and night which we derive from
this movement. It cannot, then, be stated
that this is the length of the solar day, for it
is not the sign of a succession of light and
darkness : the Sun’s day does not go out.
and the twilight of evening dces not pale it.
This world lives in a permanent light.

It neither knows our seasons nor years,
and the elements of our calendar cannot be
applied to its astronomical rdle. It seems
that the rapid succession of things wlich
constitute our time, and the changing series
of phenomena which we experience, do not
fall to his lot ; continuance and endless dura-
tion are his appanage ; and he is freed from
counting for his individual personsal life
these successive ages which measure life and
overwheln it with their number. The
great variety of nature separates it from the
rank of the planetary world ; and it would
be a profound subject of astonishment to an
inhabitant of the Earth if he were to visit s
country so essentially distinet from ours,
and to be able tu establish a comparison be-
tween this strange world and his own,

{II.
THE SUN (CONTINUED).

WHATEVER may have been the precon-
ceived idea by which  opinions were regu-
lated in favor of this beautiful Sun, this
radiant body, so venerated that the idea of
accusing it of spots was a blasphemy, it s
nevertheless from observation and study of
these spots that the knowledge we have of
it has been acquired; so true is it that
Science, superior to all prejudices, is the
real ruler of the mind. The examination
of these spots—their form, and the changing
aspects which they reveal in consequence of
the rotation of the Sun (Fig. 25), has served
as a basis to a theory of its physical constitu
tion which many astronomers have succes-
sively adopted and established, from Wilson
and Herschel to Humboldt and Arago. Ac-
cording to this theory, the Sun ig essentially
composed of a nucleus and an atmosphere.
The nucleus is dark, and the atmosphere is
enveloped with a luminous stratum, to
which has been given the name of ** photo-
sphere.” The light and heat which it sends
out to us does not come from the nucleus,
but frow this calorific and bright envelope.
The spots are explained by supposing that
they are openings formed in this outer envel-
ope, either by gaseous ecruptions issuing
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from volcanoes, or by powerful currents 1is-
ing from the lower to the upper atmosphere,
gimilar to vertical hurricanes, or by quite
another cause dependent on the nature of the
body. The penumbr@ of the spots are
formed on this theoay by the lower atmos-
phere being endowed with the property of
reflecting the light and heat of the photo-
sphere and keeping it from the body of the
Sun. The dark centre of the spots is noth-
irg else but the body of the Sun itself, ren-
dered visible by the aperture of the lower
atmosphere corresponding to the opening of
the photosphere. The spots are in this man-
ner sufficiently explained, and also the
different appearances observed on the solar
surface, such as the pores with which it ap-
pears separated, facul® or white spots, or
ridges, phenomens caused by chemical
movements carried on in the atmosphere in
which various gases are mixed in the most
varied combinations.

This theory has appeared much better
established since the funnel-like aperture
which forms the spots becomes still more
perceptible by the perspective views afforded
by the rotatory movement of the Sun. In vir-
tue of this movement a round spot appears,
and narrows in proportion as it travels far-
ther from the centre ; and when the portion
of the sphere where it is situated disappears
while it keeps its entire length, its width
diminishes until it presents only the appear-
ance of a line. Moreover, the portion of the
penumbra, or, in other words, of the funnel
which is on the side of the spectator, will
diminish in width, and will disappear before
the rest. Lastly, when a large spot arrives
at the edge of the disk, if this spot is large
enough, it ou§ht to be seen slightly hollow-
ing the part of the solar disk which it occu-
pies. Now these appearances, regulated by
perspective in the case of the spots being
openings, are precisely those which are
observed.

.Astronomers are then generally of oplnion
that the solar nucleus is an opaque body,
dark, like the Earth ; that it is surrounded
with a fluid atmosphere ; and beyond this
fluid lies a layer of substance endowed with
the property of emitting light and heat ; it is
this outer strutum which is called the photo-
sphere.

I suy astronomers are generally of that
opinion, for they are not all unanimous. A
few years ago the physical sciences were
enriched by a wonderful discovery, of which
1 shall speak farther on, by which light may
be analyzed—that is to say, the elements
whence it comes may be known. Now, the
English and Germans, to whom we owe this
discovery, having examined the nature of the
solar light, found that there were in the
Sun’s atmosphere iron, sodium, potassium,
barium, etc., while there was no gold, silver,
copper, or zinc. This would have been in
opposition to the alchemists of past times,
Nicolas Flamel in particular : the Sun was
to-them a golden body par excelence. All
these muterials, proved to exist in the body

by spectrum analfysis, were also revealed as
being in a state of incandescence. So much,
then, for the experimenters and theorists of
whom I speak—the orb of day returned to
what it was to our fathers—a body of fire.
Indeed, not only did they again state that the
torch of day, far from being dark, is an in-
candescent globe : that the light we receive
from it comes from its fiery nucleus, and no*
from its atmosphere ; but they again sought -
to explain the.spots on this new hypoth-
esis, and they proposed to admit that these
spots were simply clouds, combining with
each other in the solar atmosphere under the
influence of a partial fall of temperature, and
becoming vpaque enough to intercept the
light of the incandescent globe almost entire-
ly. Other savants, sharing the same ideas
on the physical constitution of the Sun,
threw out the idea that spots were not
clouds, but partial solidifications of the sur-
face—scoris, such as we see form on the sur-
face of boiling metals treated in a crucible.
They explained even how the umbra of the
spots is the thickest central part of these
partial solidifications, which intercepts the
rays emitted by the solar body more effectu-
ally as it is more solid, and that the penum-
bra would correspond to the pellicle which,
in every formation of this kind, is observed
on the surface of melting metals, to be pro-
duced invariasbly round the scorie. But
although, having cleared science on some
important points, and baving rendered it
%ood service, these researches are far from

eing ended, and founded on a solid theory ;
they have not yet upset the reigning theory
before explained.

The size of the Sun, 1,400,000 times larg-
er than the Earth, exceeds the degree of
our habitual measurements too much for us
1o hope to give a sufficient idea of it. In the
matter of volumes, as in that of distances .
and times, the numbers too much surpass
our ordinary conceptlons to appeal’to our
minds, and every care that we take to repre.
sent them to ourselves remains almost sterile.
Nevertheless, a comparison will be able to
inspire at least a nearer idea of the size to
which we refer. If we placed the terrestrial
globe in the centre of the solar globe, like a
kernel in the middle of a fruit, the distance of
the Moon would be included in the interior
of the solar body ; the Moon itself would be
ahgorbed in it, and beyond the Moon to the
surface of the Sun, following the same
radius, we should still bave to traverse a dis-
tance of 160,000 miles. From the Earth to
the Sun are reckoned 91 millions of miles.
It is on account of this great distance that
this immense body only appears to measure
a foot in diameter ; and this explains why
the ancients, and Epicurus in particular, did
not believe it larger than that measure. This
distance equally explains why it does not ap-
pear to us larger than the Moon, which is
only 240,000 miles away. From this it may
reasonably be asked, how this distance from
the Sun to the Earth could possibly be de-
termined. The method is too complicated



THE WONDERS OF THE HEAVENS. 93

for me to explain it here in detail ; but an
idea may be given of it without exceeding
the limits of this chapter.

Between, the Sun and the Earth there are

two planets, Mercury and Venus ; the latter
hus rendered the greatest service in the stud
of the distance which separates us fom the
Sun. As its orbit (the circumference which
it describes round the central body) is nearly
on the same plane as the Earth’s orbit, it
happens from time to time that it pusses be-
tween the Sun and ourselves, and appears
like a black spot crossing the luminous disk.
This passage takes place at the singular in-
tervals of eight years, 118} years—8 yeurs,
1134 + 8 years. At these valuable periods
.astronomers of all countries forget their
nationality, and listening to each other like
brothers, place themselves so as to observe
the pussage of Venus in different countries,
Two observers situated in the stationa mest
distant from euch other note the two points
where the planet, seen from each of their
stations, seems to be projected ut the same
moment on the solar disk. This measure
,gives them the angle formed by two lines
sturting from their stations, and crossing
each other on Venus, and passing on to the
Sun. It is the measure of this angle, made
by observers placed on all parts of the zlobe,
which gives what is named the parallax of
the Sun.

At the last transit of Venus, a French as-
tronomer, Le Gentil—his name should have
preserved him from such disappointments on
the part of Venus—was curiously requited
for his love of science and his disinterested-
ness, Sent to India by the Académie des
Sciences, he embarked with arms and bag-
guge to observe the passage of the plunet in
1761 at Pondicherry. His great activity and
ardor could not conquer the chances of the
sea voyage ; he Janded a few days after the
phenomenon had taken place. . . . The
obstacles irrituted him and increased his
courage. He took the hervic resolution of
remaining for eight years in the midst of
that unknown country, in order to compen-
sate himself for his lost observation; he
waited for the passage of 1769, and then took
all desired arrangements to make a perfect
observation. The year and the day at
Jength arrived! The sky was pure, no ob-
stacle hindered his long reselution from at
last receiving its reward. But alas! exactly
at the momeut when the black spot was
about to enter on the solar disk, a 3mall
cloud formed in the atmosphere aud re-
mained before the Sun until the mo-
met when Venus left the disk, putting an
end to the posgibility of all observation.
The astronomer again wok the voyage to
France with a stormy sea, which brought his
days to a close. Le Geuntil, of Galaisiére,
died in 1792, after having written an account
of his travels, .

From considerations bused on the magnetic
action of the Sun, we may be led to believe
that its light is of the same nature as the
electric light, only Incompurably more power-

i

ful, seeing that the elements which we have
at cotumand are 1nfinitely inferior to those
commuanded by nature. However bright our
electric foci may be, however dazzling their
light, the whiteness of which astonishes us
when it is projected on the solar disk, the
electric light has the appearance of a black
spot. .

The intensity of solar heat is not less diffi-
cult to conceive ; the most intense of our
furnaces, which rise to the temperature of
iwhit.e heat, does not give us a fuint idea of
t.
However, the following few comparisons
will indicate its value. If we represent the
Sun under the form of an enormous globe
built up of a million four hundred thousand
terrestrial globes, and covered entirely with
a stratum of coal fourteen miles thick, the
heat which it pours out annually in space is
equal to that which would be furnished by
this stratum of flaming coal. Thissolar heat
would also be capable of melting in one
second a column of ice which would meas-
ure 1590 square miles at its base, and 192,000
miles high. . .

Lastly, it is curious to inquire bow much
this gigantic body weighs. It is a good
weight : %
2,154,106,580.000,000,000,000,000,000 tons !

If this globe were in the present day, as in
that of Apollo, drawn by four horses, it
would be necessary that the coursers had ex-
ceptional strength, especially to be able to go
round the globe in twenty-tfour hours, Now,
following the Sun’s weight, that of our
Earth, expressed like the preceding in tons, is
6,069,000,000,000,000,000,000.

When astrouomers place the Sun in ene of
the pans of the immense scales with which
they determine the weight of the stars, it is
necessary for them to put in the other one
350,000 terrestrinl globes tu restore equilib-
rium.

We need not fear that this gigantic hody
will one day be extinguished, leaving the
Earth in icy darkness. It possesses in its
colossal reservoir a sufficieut number of de-
grees of heat for us to have before us mill-
ions of centuries, during which it would be
impossible for us, even if this heat should
decrease, to perceive it.

Yes, the respiendent star of day remains
to us the most heautiful and the best of stars.
We have observed its size and its power : no
power is capable of rivalling it, science lLas
not lessened its venerated image in our mind,
and, as in our preceding studies, reality here
is superior to fiction. ur homage remains,
better understood and justified than ever,

IV.
MERCURY.

ABOVE the Sun, in the west, when that
radiant body sets, or agaln before its rising
in the east, is- seen sometimes a small white
star, slightly tinged with red. The Greeks
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called it Apollo, god of day, and Mercury,
the god of thieves, who take advantage of
night to commit their misdeeds;, for they
saw in it two different planets, one a morn-
ing and the other an evening one, as they
did also for a long time in the case of Venus,
the Egyptians and Indians doing the same.
The first gavcit the names of Set and Horus;
the gecond those of Boudda and Rauhineya ;
names which bring to mind, like tiic preced-
ing, the divinities of day and night. The
Latins, who, however, employed themselves
very little with astronomy, in this respect
remained in doubt. It has been only in later
times that the identity of these two stars
which, like Castor and Pollux, to which
they are assimilated, never appear together,

Fig. 26.—Phases of Mercury.

2us been proved : its evening name, Mercury,
was the one retained.

Being the firet planet of the system, Mer-
cury always remains absorbed in the royal
radiation of the prince of day; also, like a
courtier, it is deprived of its individuality,
and blended in the personality of the ruling
star. It gains nothing and loses much, see-
ing that it had not the honor of being known
to the founders of astronomy. Copernicus
despaired of ever seeing it. ‘‘ I fear,”” aaid
this great man, ‘‘ that I shall descend to the
tomb without having seen the planet.”” And,
indeed, he who had transformed the system
of the world, and taken in hand each of the
planets to place them round the Sun, died
without having seen the first among them.

Galileo was able to observe it, thanks to the
glasses which he had invented, but it could
not be said he understood it sufficiently, as
it was impossible for him ever to distinguish
its phases. The adversaries of the new sys-
tem opposed the first astronomers. Coperni-
cus, Galileo, and Kepler, on account of the
absence of phases in the planets Mercury and
Venus, *“ For,”” said they, *‘ if these planets
revolved round the Sun, they wonld change -
their aspect to our eyes, as the IIoon does,
according as we sce in front, in profile, or in
rear, the illumined part, the side in fact
which they turn toward the sun.”’
Copernicus and his colleagues replied :
‘““We do not distinguish any phases, it is
true ; but if it only requires them in order
that you should adopt our system, God will
cause that there may be some.’” Indeed
there were some, and here (Fiig. 26) are those
of Mercury. By theobservation of the irreg-
ularities visible in the interior of the crescent
or quarter, it has been observed that Mercury
is rugged with high mountains, higher than
those of the Earth, although Mercury is a
much smaller glohethan ours. The existence
of a denser and higher atmosphere than ours
has been suspected. In the middle of the
last century, one of the numerous romancers
who feigned voyages to the planets pretended
to know that the mountains of Mercury were¢
all crowned with beautiful gardens, in which
rew naturally not only the most succulent
ruits, which served as food to the Mercu-
rians, but also the greatest variety of dishes.
It would appear that in this happy world 1t
is not necessary to prepare, as with us, things
for food ; fowls, hams, beefsteaks, cutlets,
entremets, small side-dishes, ete., were raised
there in the same manner as the upples cn our
apple-trees, and when a repast was wished
for, it wassufficient to spread the cloth ; then
arrived bird-waiters for your orders, who
knowingly flew away, and in the twinkling
of an eye, from the mountains, where the
desired dishes were to be found, brought you
them with the greatest haste, It is belter,
erhaps, to believe that the vegetables of
Mercury possess these precious gifts, and that
its birds are ot such delightful intelligence,
than to think, with Fontenelle, that the in-
habitants of Mercury are all mad, and that
their brains are burned with the violent heat
which the Sun pours upon their heads. But
until an authentic voyager has made us
sufficiently acquainted on this head, we will
confine ourselves to the astronomical elements
of the planet. It revolves at a distance of 85
millions of miles from the Sun ; its diameter
is 2960 miles ; its day is 24 hours 3 minutes
28 seconds long ; its year, 87 days 23 hours
14 minutes ; and its seasons, 22 days only ;
its mass, compured to that of the Earth, is
only +; its density is three times more than
ours, and bodies which fall on its surface
travel 7:45 feet during the first second of
fall ; und, lastly, it receives six times and a
half more light and heat than the Earth does.
Its orbit is very eccentric.
Eccentric meana that in its movement of
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revolution round the Sun it does not always
remain at the same distance from it : that it
describes an ellipse rather than a circle. As
a result, at certain epochs of its year it re-
ceives twice as much heat as at the upposite
epochs. 1t will be seen that the word excen-
tric is not badly chosen, as it represents a
want of regu]a.rit%,in the circular movement
of the planet. hile we are speaking of
this singularity, let us also add that of all
bodies Comets are the most eccentric. A#
certain times they approach so near the Sun
that it is thought that they will be melted ip
his flames ; in the opposite purt of their path,
on the contrary, they go to such distances
that they ure lost to sight, and wander in the
durkness and cold of solitary space,

VENTUS,

SoMe ill-disposed minds have asserted that
although Venus is beautiful afar, it is fright-
ful on a neurer view, I fancy Iseemy young
and amiable readers ; and I am sure that not
ong among them is of this opinion.

Indeed, all the magnificence of light and
day which we enjoy on the Earth, Venus pos-
sesses in a higher degree. Like our globe, it
is surrounded by a transparent atmosphere,
in the midst of which are combined thousands
and thousands of shades of light. Clouds
rise from the stormy ocean, and transport into
the sky, snowy, silvery, golden and purple
tints, At morning and evening, when the
dazzling orb of day, twice as large as it ap-
pears from the Earth, 1ifts its enormous disk

- &t the east, or inclines toward the west, the
twilight unfolds its splendors and charms.
From here we can be spectators. of this dis-
tant spectacle ; for we distinctly see the day-
break und the close of day in.the plains of
Venus. Day and night are of nearly the
same durativn as on the Earth ; the diurnal
period of rotation of the planet is twenty-
three hours twenty-one minutes seven sec-
onds ; it is consequently thirty-five minutes
lJess than ours. But between winter and
summer there is a still greater difference than
with us between the intervals which elapse
from the rising to the setting of the Sun and

that which separates its setting from its ris- .

ing ; for this globe is more inclined 1o the
plane of its orbit than ours. 1t is this incli-
nation which constitutes on this planet, as on
the Earth, the variation of seasons, their du-
ration and intensity. Venus being still more
inclined than the Earth to the plane in which
it moves, its seasons are more characteristic
than ours, and its climate much more
marked. Between the cold of winter and
heat of summer there is a much greater dif-
ference thau here ; it is almost as cold in win,
ter and very much warmer in summer,
From the equator to the poles there is also a
more decided variation of climates than on
the terrestrial sphere ; our temperate zones
are imperceptible on Venus, and do not exist
even. Thetorrid and glacial zones constantly
encroach on each other ; and as the year only
oceupies two hundred and twenty-four days
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mstead of three hundred and sixty-five, the
rapidity of this succession adds to its in-
tensity. The snows, also, have not time to
accumulate at the poles as om the Earth,
Mars, and Saturn ; and the atmospheric va-
riations cause a continual disturbance on the
surface of the planet. Its mountains are
much higher than ours. They have been
measured at the period when Venus presents
itself tous as a crescent. The inequalities
which are noticed in the interior of the cres
cent are the highest points of the surface,
which still receive the Sun’s rays after these
have left the plain. The height can be con-
cluded from the time that these light-points
take to disappear. We have just spolen of
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Venus as a crescent, Like Mercury, this
planet is situated between the Earth and the
Sun ; and the circle which it describes dur-
ing its year is comprised in the circle which
the Earth describes round the same body.
Hence it follows that at certain epochs the
planet Venus is exactly between us and the
Sun ; and then it presents its dark part to us,
ag its illuminated portion is naturally on the
side of the Sun. At other times, when it is
to the right orleft of the Sun, it presents only
a quurter. Lastly, when Venus is on the
other side of the Sun, it presents its entire
illuminated portion to us. g
AsVenus revolves in an orbit, there are pe-
riods when it is only about twenty millions
of miles from us (when it is between us and
the sun), and contrary periods when it is 157
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millions of miles distant from us. Its ap-
parent dimensions then vary very perceptibly
with its distance. Fig. 27 shows these vari-
ations. .

~ The phases of Venus were seen for the first
time oy Galileo in the month of September,
1610, who beheld this spectacle with a joy
impossible to deseribe, seeing that it elo-
quently testified in favor of the system of
Copernicus, showing that, like the Earth and
Moon, the planets receive their light from
the Sun. When I say that these phases
were for the first time seen in the month of
September, 1610, you must not conclude that
they did not exist before that epoch, but you
must understand that before that year no
one had turned the telescope to the planet,
and that with the naked eye these phases are
imperceptible. !

According to the custom of the period, the
illustrious astronomer disguised his discovery
under an anagram, to maintain the authen-
ticity of this discovery in case of rivalry, and
to give himself time to continue his observa-
tions and to perfect them. He finished a let-
ter with this phrase : * Hec immatura a me
jam frustra leguntur, d. y.”’ which means,
“‘ These things, unripened and as yet hidden
to others, are at length read by me.”

Under this cryptogram it would be diffi-
cult to discover the idea of the phases of
Venus. Our fathers were very ingenious,
and in the present time certain discoveries
would not have been so greatly contested, if
astronomers had sometimes used the same
ruse. In this phrase there are thirty-four
letters. By placing them in another order
we get these words, in which the whole dis-
covery is elegantly inscribed : “‘ Cynthie fig-
uras emulatur mater Amorum.”’ ‘‘ The
mother of the Loves puts on the phases of
the Mooun.”’ i

Galileo was very cunning. Two months
later, Father Castelli, asking if Venus had
phases, he replied, “ My state of health is
very bad, and I find it better to be in my bed
than in the dew.” It was only two days
before the end of the year that he announced
the above discovery.

Has Venus a satellite? It would rather
have two than one,” replied the friend of
Cassini to the enemies of this astronomer.
Many hold the firm belief of having seen it,
but the question remains undecided. In the
middle of the lust century it was go strongly
believed in that Frederick the Great, of
Prussia, proposed to give it the name of his
friend Alembert, from which the illustrious
geometer excused himself in this little note :
" Your Majesty does me too much honor in
Wwishing to baptize this new planet with my
name. I am neither great enough to become
the satellite of Venus in the heavens, nor
well enough to be so on the Earth ; and I
know too well how small a place I oceupy
in this lower world to covet one in the gk YA
This globe presents the greatest resemblunce
to our own ; and it haa nearly the same as-
tronomical elements, size, volume, weight,
gl’md density ; only i‘t‘_is much nearer to the
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of ancient poetry, its pousition near the Sun,
which causes it to appear at sunrise and sun-
set, attracted ¢ontemplative minds toward it,
and Venus became the star of all those who
love to dream In the evening, from the shep-
herd returning from the fields to bosom
friends whose souls commune with each other
during the night. In the middle ages a
worthy father took an ecstatic voyage in the
heavens, and in Venus saw only young people
of ravishing beauty, living in the midst of
perfect happiness ; in his sight these were
the guiding spirits of the planet Venus, for
in olden times it was believed that a legion
of angels or genii presided over the direction
of each of the heavenly spheres. Later, the
author of ‘‘Paul an irginia’’ gave the
most wonderful description of Venus ; it was
a real terrestrial paradise.

VL
MARS.

ALL the maledictions of mortals have fullen
on Saturn and Mars. Beginning with war,
that scourge of humanity, of which it will
have great trouble to rid itself, all public mis-
fortunes caused by power have been attributed
to Mars, who, if it knew what the Earth
thought of it, cught to regard us with an evil
eye. It is, nevertheless, innocent of all these
calumnies, and we ought not to speak ill of
it, presenting, as it does, most resemblance
to ourselves. Indeed the world of Mars re-
sembles the Earth so much that if we hap
pened one day to be travelling there and lost
our way, it would be almost impossible to
recognize which of the two were our planet,
‘Without the Moon, which would charitably
remove our uncertainty, we should run a
great risk of arriving among the inhabitants
of Mars, expecting to descend into Europe
or some other terrestrial quarter. Indeed
the planet Mars in our telescopes presents the
same aspect as the Earth must do to the in-
habitants of Venus—a circular disk, rather
flattened, turning on itself in about twenty-
four hours, furrowed from time to time by
fiecting clouds, diversified with here dark and
there light plains ; revolving obliquely on an
axis enveloped with an atmosphere and with
snow-covered poles. On this planet the sea-
sons are nesrly of the same intensity as our
own, -but their duration is twice as long ;
for Mars only accomplishes its annual revo-
lution round the Sun in 1 year 821 days
and 22 hours, or 1 year 10 months and 21
days. The masses of ice at its poles part-
ly melt in the spring of each hemisphere,
and again form in the sautumn, as occurs on
our globe ; and as the seasons are comple-
mentary on both hemispheres, the southerr
pole diminishes while the northern pole in-
creases, and alternately. From this melting
of snows result the changes of temperature
and the cloud movements which are observed ;
one part of the water is evaporated into
clouds, the other part swells the rivers and
descends to the sea. Thus the fundamental
characteristics of the _terfestrial seasous are
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‘We may, nevertheless, notice certain differ-
ences between the aspect of Mars and our
own world. Whereas the Farth seen at a
distaunce must appear tinted with green, on
account of the color of its atmosphere, its
vegetation, and waters, Mars is shuded with
red, and it is. this shade which gives it the
reddish light with which it is seen to shine.
Doubtless this characteristic color is pro-
duced by the dominant coloring of its sur-
face ; either its soil is thus colored like that
of our deserts, or its seas, its vegetation, or
the vapors rising into its atmosphere are
cbiefly clothed with this shade. everthe-
less, the poles always preserve their brilliant
light, An ancient philosopher, Anaxagorus,
stated that smow was black: his paradox
bad been somewhat smoothed or cleared if
the snows of Marsg, each time that we were
able to perceive them distinctly, had been
red ; but they are white also. *‘ The color
of the polur markings,”’ said Beer and M#d-
ler, two astronomers whose lives have been
devoted to the study of Mars and the Moon,
‘“is alwa{s of a bright and pure white, in no
way similar to the color of the other parts of
the planet. In 1837 it once happened that
Mars was, during the observations, com-
pletely darkened by a cloud, with the excep-
tion of the poles. which stood out distinctly.”

Moreover, is the water of Mars the same
as the water on the Earth ? Father Kircher
was asked if that of Venus would be good
for baptizing ; and it was not doubted. We
ask ourselves whether there are the same
chemieal elements as there are here, and we
doubt it. That the solar markings of Mars
are masses of ice and snow seems proved by
observation, as the changes which they un.
dergo annually are occasioned, as with us,
by the apparent movement of the Sun. This
fact has been abundantly proved. When a
snow zone is of large extent, it is after the
long winter of the pvle to which it belongs ;
when the same spot is very small, it is after
a summer which has melted and successively
contracted it. But from this it must not
be concluded that the term snow signifies
anything but an appearance, and there is no
plausible proof to be relied on that the sub-
stunce that we know under the name of snow
is actually seen there—that is to say, water
(chemicallg: an equivalent of hydrogen and
oxygen : H,0) frozen into small needles. It
is, on the other hand, possible that the con-
stituent elements of tEe globe of Mars are
very different from those with which the
Earth is formed, and their chemical combi-
nations having been from the beginning sub-
mitted to other influences than those which
are at work on our globe, there may exist
but a remote analogy between the nature of
this world and our own, and not an identity
of matter.

Removed from the Sun to a mean distance
of 139 millions of miles, and encircling the
Earth's orbit in that which it describes round
the central body, there are certain periods
when these two planets are very near to-
gether ; that is. when they are both on the
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same side of their path with regard to the
Sun. Sometimes they are not more than
48 millions of miles distant from each other,
It is this which makes Mars, after the Moon,
best known to us, so that Kepler was able to
say : ‘It is from the knowledge of Mars that
astronomy will reach us, and it is’ from the
study of this planet that the future progress
of our science will advance.’’

The conjunction of two planets is the
point of their orbits where they are on the
same side of the Bun, and are the nearest
possible to each other ; the term opposition
is given to the oppusite point of their paths,
when they are on opposite sides of the Sun,
except in the case of Mercury and Venus.
In olden times these positions greatly exer-
cised the sagucity of. horoscope-seekers, and
Heaven knows how many destinies have re-
ceived fancied predictions, according as the
god of war was in conjunction in such and
such sign of the zodiac. The conjunction in
the Bull was not at all the same as that
which happened in the Virgin; and when
by chance it had the misfortune to occur in
the Goat, the most learned were lost in con-
jectures on the bad fortune predicted to the
new-born. The interior planets, Venus and
Mercury, whose orbits are inclosed in that
of the Earth, have no opposition, but they
have two conjunctions ; the superior, when
the planet is beyond the Sun and in one right
line ; the inferior, when it is situated be-
tween the Sun and the Earth. The exterior
planets, those which inclose the terrestrial
orbit, and of which Mars is the first, have
only the superior conjunction.

At about 80 millions of miles, beyond the
planet Mars, between the orbit of this planet
and that of Jupiter, we meet with the group
of small planets, of which we have already
spoken. These are very little worlds, if even
they deserve this name, which have scarcely
the extent of a province, or even a depart-
ment. They gravitate in his zone in con-
siderable numbers, for there may exist sev-
eral thousands. Already 109 have been dis-
covered : thefirst in 180{ and the last in 1870,
Perhaps they are déris of ; larger world,
shattered by some catastrophe ; perhaps they
have been formed in this region of space in
the fragmentary state in which we now see
them. This is not decided, seeing that sci-
ence now, as in the time of Virgil, is not yet
able to determine on the origin of things.

*¢ Felix qui potunit rerum cognoscere caunsas.’

Putting aside the title of original greatness
of these asteroids, and the fate which attends
them, let us traverse their colony, and be-
yond it get near the most magnificent of the
worlds of our system.

VIL
) JUPITER.

TrE orb of Jupiter is more bulky than all
the other plauets of our system : it is only a
thousand times smaller than the Sun, which
makes it, if we remember the volume of
that radiant body, from fourteen to fifteen
hundred %imes larger than the terrestrial
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globe. Also, although it revol_ves ip an
orbit nearly 475 millions of miles distant
from the Sun, and receives a much fainter
light than that received by the Earth, 1ts
gize is evidenced by tbe light with which it
* shines during our starfy nights, equal and
often superior to that with which Venus
shines. Jupiter is therefore reckoned
among the most besutiful objects of the
heavens. As it is always in the zodiac, and
when Venus is visible in the evening it is al-
ways in the west, it is easily recognized. At
whatever period of the year, therefore, you
see a very bright star, cither in the east or
high up among the zodiacal constellations,
you may be certain that it is Jupiter.

This planet is & charming one, so far at
ieast as we are able to judge from afar and
without going there. To begin with, a con-
tinual spring rejoices its surface. Ifit is
ornamented with flowers, which we do not
doubt, though we know not of what these
flowers consist, they do not only survive
“the span of a morning’’ as our roses do,
but live much longer. Scarcely have the
oldest begun to dry up and fade but they
are replaced by lovely buds, openin% before
the first have died away. Not only is the
Jovian year equal to twelve of ours, {ut it is
scarcely known when the yearly period begins
or _ends. No winters, no summers, always
spring.

Then Jupiter, as I have stated, presents a
surface 126 times more extensive than the
terrestrial surface. I speak of surface, not
volume, Now, a hundred and twenty-six
Earths placed side by side, and on which the
human race would be able to spread itself at
will, would constitute a very fine country.
‘We ought, then, not to doubt that such an
empire has been formed to scrve as an abode
for a humun family, venerable and worthy
of our respect. We reason thus apropos of
Jupiter because we have had the necessary
means to measure and appreciate it at its
just value. But it is necessary to add some-
thing to complete the comparison between
this world and our own.

Because we find, by observation of the
Jovian planet, excellent reasons for believing
that its inhabitants are very favored, it does
not follow that the aforesaid inhabitants
make similar reflections on us. There is a
very good 1eason why they do not vccupy
themselves with us—they are probably not
acquainted with our existence. And, in-
deed, if ever, at a future time, more or less
distant, you should happen to inhabit Jupi-
ter, you would have great trouble to discover
your old country, To do so you would have
to rise a little before the Sun (and mark,
there are only five hours from the setting to
the rising of this body on Jupiter) and five
or six minutes before the rising look to the
east for a very small white star. With good
eyes you perhaps would perceive it. In this
case you would know that our Earth
exists. Again, you would make the same
search six months later, at the west, a few
moments after the setting of the Sun, Such

is the condition of the inhabitants of Jupiter
with regard to us. They can never see the
Earth during the night, although it is pre-
cisely in the middle of clear nights that we
arc best able to observe this magnificent
planet.

No. Jupiter is an earth, a splendid earth;

_compared to which ours is only a moon.

If we were allowed to observe Jupiter
closely and to accustom ourselves to its
nature, to live for some time in the midst
of 1ts train, and to appreciate all its impor-
tance, we should think our globe very small
after such a stay. We should be like the
good villagers who came once in their life
to see Paris, and who, if they had the mis-
fortune to remain there only a month, could
not even think of their village ; it became
eclipsed by the sin%le remembrance of the
splendor they had glanced at.

VIIL
SATURN.

IF you happen one day to take a little
journey to the planet Saturn, which is
scarcely more than 900 millions of miles
from us, you would feel on approaching it
an unspeakable astonishment, to which cer-
tainly no sentiment of surprise felt on the
Farth can be compared. Imagine an im.
mense globe, not only of the size of the
BEarth, but as large as 734 Earths put
together. It revolves on an axis with such
rapidity that, in spite of its size, it accom-
plishes its diurnal rotatory movement in
about ten hours. Around it, at 20,000 miles
distance, above its equator, un immense
ring, flat and 1clatively very thin, surrounds
it on all sides. This ring is followed by a
second, and this one by a third, Now this
system of multiple rings is only a few miles
thick, while its diameter is 166,000 miles.
They do not remain immovable, but are car.

Fig. 28 —Saturn and its Satellites,

ried along with a circular movement rount
the planet, this movement being of still
greater rapidity than that of the planet
itself. The domain of the Saturnine world
is not confined to this, Beyond the ring
eight moons are seen revolving in the heav-
ens around this strange system ; the nearest
of these satellites is separated from the
plunet’s centre by a distance of 120,000
miles ; the most remote has an orbit of 2,298,-
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Fig. 20.—Saturn,
000 miles from the centre of the planet.

Saturn, then, governs a system which meas-
ures not less than four and a half millions of
miles in diameter.

By the side of this world the Earth makes
but a poor figure, and Micromegas was to be
pardoned when, on coming out of Saturn, he
mistook the Earth for a molehill. Its years
are thirty times longer than ours ; of its sea-
sons each lasts seven years and four months ;
a change remarkably like that which distin.
guishes our own diversifies them ; a regener-
ating spring succeeds the rigor of winter ;
summer and autumn pour forth their alter-
nate fruits. But the phenomenon which
draws most dttention to this world is that

gantic ring which surrounds it. 1t was
ong before astronomers were able to give
any account of thissingular appendage in the
planetary system.

Gulileo, who first saw on each side of
Saturn something bright of which he could
not distinguish the form, was greatly aston-
ished with such an aspect. He first an-
nounced it under an anagram, in which Kep-
ler hivaself could not discover anything, and,
as he had done with Venus, disguising his
discovery, he gave himself time to bring it to
perfection. He called it three-bodied, for
want of better knowledge. ‘‘ When I ob-
serve Saturn,”” he wrote later to the ambas.
sador of the Grand Duke of Tuscany, ‘‘ the
central star appears the largest ; two others,
situated, one to the east, the other to the
west, and on a line which does not coincide
with the ecliptic, stem to touch it. They
are like two servants who enable old Saturn
to continue his road, and they remain always
at his side. With a glass of small power
the star appears lengthened and of an olive

form.”’

The laborious astronomer sought in vain 3
be was not favored in his researches as in
the preceding ones. At the period when the
edges of Saturn’s rings are presented to us,
they disappear on account og) their thinness,
Galileo, finding on a certain night the abso-
lute impossibility of distinguishing anything
on either side-of the planet, where, a few
weeks before, he still observed the two lumi-
nous objects, was completely in despair ; ne
came to the belief that his glasses had misled
him. Being entirely discouraged, he no
longer observed Suturn, and died without
knowing that the ring existed. In the same
way, later, Hevelius derlured he was puzzled,
aud it was not until 1659 that Huygens, the
real author of the discovery of the ring,
made the first satisfactory observation and
expiained its structure. ith the contem-

oraries of Galileo, Saturn was considered to

e a bowl with handles, or a cardinal’s hat.
In the wmiddle of the eighteenth century
Maupertuis conjectured that the ring was
only a comet’s tail, wound like a turban
round the Saturnian globe. Toward the end
of the same century Du Séjour wrote his
‘“Essai sur les phénoménes relatifs aux
disparitions périodiques de l’snneau de
Saturne,” in which he found, theoretically,
the time of rotation of the ring; he
presented his work to Voltaire with the fol-
lowing graceful dedication :

$ Monsienr, accept, ]
spectable old man, ;;tmlhp?hyogloghégewlﬂlstg;ye 0{2::::3:
selves on the earth, whilst to know him will be an
honor among men; his forchead is wreathed with an
immortal crown ; he shines on us, and presents one
of the most singular phenomena of nature, This

aged person is Saturn, I hasten to name him lest he
have another given him, which your modesty would
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revent yon from reco%uiziug. May this ana!ogy gain
Por my work a favorable reception from yon "

Without the last remark, Voltaire himself,
and sooner thun any one else, might have
thought that Saturn had very little to do
with the dedication. At this time Saturn’s
system included, besides its rings, five satel-
lites revolving round it. Sinece that time
three others have been added, and the cor-
tége is compoused of eight members. The
following table shows the order of their dis-
tances from the planet, their names, the
order of their discovery, the discovereis, and
date of the discoveries :

1. Mimas . . ., . Herschel . 1789
2. Enceladus . . . Herachel . 1789
3. Thetis . . . . Cassini , ., ., . 1684
4. Dione « o Cassini , . , . 1684
5 Rhea . . . . Cassini , . . ., ., 1672
6. Titad S o * oo Huygens « e . . 1655
7. Hyperian . . . Bond and Lassell . 1548
8. Japhet . . . ., Cassini . . , ., ., 1671

Saturn has not been favored by ancient
poets, who did not guess at its grandeur and
richness. Situated at the extreme limit of
the plunetary system, and marking the fron-
tier until the period of the discovery of
Uranus, He was considered as the coldest
and slowest of all bodies. It was the god of
Time, dethroned and banished in a sort of
exile. Misfortune to those who were born
under its influence ! If, at the moment of
birth, it was in the zodiacal sign of the
month, the newly-born had nothing more to
ask than to go again into nothingness. For
u thousand years a considerable number of
serious men had full and entire faith in ho-
roscopy, themselves deceived through igno-
rance and often in sincerity. These ideas,
happily baving given way before the light
of science, are too curious for me not to give
a slight specimen, Hear, for example, an
astrologer, who wrote, in 1574, the following
absurdities :*

*“Saturn is in the seventh heaven. He
makes rustics ; signifies peasants, laborers,
and mercenaries ; makes thin, solitary, and
dreamy people, who, when -walking, keep
their eyes to the ground; it also signifies
stouping, old people, Jews and beggars, me-
chanics and people of low condition, and
causes death, ice, and epidemics ; in short,
it has po light except that which others im-
part to it.” So much for the conditions ;
but this is as nothing to the influence of this
unfortunate on diseases.

** Saturn,”’ says La Martiniere, <“is a dull,
dry, nocturnal, and malevolent planet, to
whom are_attributed long, quartan, or daily
fevers, indispositions of the tongue, arms,
and bladder, general paralysis, gouts,
abscesses, obstructions of the heart and
spleen, the black jaundice, polypus, diseases
of the intestines—such as windy colics,
piles, hemorrhoids, hernia, corns on the feet,
spitting of blood, canine appetite, difficulty
of breathing, stones in the loins and bladder,
epilepsy, cachexy, dropsy, melancholy, lep.

¢ La Taille de Boudaroy, Géomancie abrégée.
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rosy, and other diseases proceeding from
foul and putrefyingrhumors et WL (1
cannot be quoted). Those who are born in
its season are melancholy and phlegmatic.”’
Saturn has no idea of having caused such
misfortunes to the inhabitants of the.earth.
Let us hope, for our reputation there, that
astrologers in Saturn will not have used re-
prisals ; for, then, of what sorcery will they
not accuseus ? But we have good reason for
believing thut we are not viewed ill by the
Saturnians ; for this reason (which, however,
does not do us great honor), that from Sat-
urn they do not see the Earth, as our globe
is tvo small, and is hidden by the Sun.

According to a still more singular author,
the devil may be made to appear to us, by
invoking him, on the Sabbath-day. Satur-
day, consecrated to Saturn by a cabalistic
formula, extremely long and difficult to pro-
nounce, aud by presenting to Saturn a per-
fume composed as follows: *‘ Mix the seed
of poppy and henbane, mandrake-root, pow-
dered loadstone, and gcod myrrh ; reduce
these drugs to fine powder, und mix them
with scme blood of bats and brain of black
cats,” etc. I will not give the whole, lest
you might try the recipe.

Each planet influenced the destinies of
men, according to the date of their birth.
Thus in the first sign of the zodiac, ** Jupiter
mude bishops, prelates, nobles, powerful
people, judges, philosophers, wise mev, mer-
chants, and bankers. Mars signified war-
riors, firebrands, murdeiers, dcctors, bar-
bers, butchers, goldsmiths, ccoks, bt kers,
and all trades having to do with fire. Venus
produces queens and beautiful women, apoth-
ecuries (how well that follows 1), tailors,
workers in jewels and ornuments, cloth-mer-
chants, gamesters, those who frequent pub-
lic-houses, those who play with thimbles,
libertines, and brigands. ﬁercury produces
clerks, philosophers, astrologers, geometers,
arithmeticians, Latin authors, painters, in-
genious and cunning workmen, both men
and women, and their arts.”’

Mars may be compared to Saturn for the
bad reputation given to it by astrologers.
The following sentence will suffice to 15mw

-this: * People over whom Mars presides are

rough, rude, and invincible, and can be pre-
vailed upon by no reason ; they are obsti-
nate, quarrelsome, rash, daring, violent, and
accustomed to be deceived by report ; glut-
tons, digesting various meats; strong,
robust, imperious ; with bloodshot eyes, red
hair, not possessing affection toward their
friends, but exercising the arts of firte and
sword ; in short, Mars gencrally produces
furious, quarrelsome, (ﬁssolute, self-con-
ceited and choleric wmen.”’

As to Venus, no star has had such afavor-
able influence. It is useless to state in what
its action chiefly consisted ; but it appeared
that those over whum it presided were most
happy mortals. These odd and erroneous
ideas on a pretended influence of the lanets,
and all those which constituted the vast
astrological domain, arose from man’s supers
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stition, which is always attracted toward the
wonderful, and his pride, which represented
the universe as formed expressly for him.
As long as the old system of the world,
founded on appearances, 1eigned, man was a
prey to this morbid error. The torch of true
science—of science founded on discussed
ohservations and calculation—was alone
capable of bringing light into the midst of this
darkness, and dissipating it in proportion as
man shall rise more in true knowledge. It
will be a more glorious title of honor for the
centuries which are to come, to have deliver-
ed the humun mind from these illusions, and
forever to have triumphed over them.
Often, in those times when man’s life was so
easily sacrificed, astrologers, alchemists, and
sorcerers were burned alive, hung, broken
on the wheel, beheaded, quartered, or
executed by long tortures, for having pre-
dicted badly. I could point out bundreds of
sorcerers burned for pretended witcheraft, or
for profanations which arose rather from
their credulity than their wickedness ; astrol-
ogers hung or drowned according to the
good pleasure of princes; seekers of the
philosopher’s stone executed for having
made a compact with the devil ; but this is
not the place ; and in speaking of astrology
in this chapter vn Saturn, I have only wish-
ed to profit by the circumstance to show
once again what benefits we owe to science,
and to what depths man could again fall if
ever the torch of science were extinguished.
Saturn’s world deserves something better
from our hands. Not only do we deny the
sinister influences of which he is the sup-
posed author, but again we admire in him a
magnificent abode of life, in the midst of
which the forces of nature continue under
aspects which are still unknown to us.
Amid his splendid rings, and rich system of
eight moons, he reigns peacefully in the heav-
ens ; and we love to contemplate his vener-
able figure, in those distant regions, as the
type of a creation already advanced in that
era of perfection to which all beings aspire.
This disquieting Saturn has not always been
treated with more respect by the moderns
than by the ancients; has it, in its turn, a
bad star? Some people still regard it with
an evil eyo—for instance, the author of the
** Contemplations’” made it the place of
chastisement of wicked souls, while the
happy ones passed from sphere to sphere.

his would be hateful! Let us hope that
there are in this picture reminiscences of the
ancient ideas on Saturn, and that this globe
is less frightful than it looks to the preju-
diced. This strange world does not want
for riches ; and if we were able one day to
visit it, doubtless we should find it much
more beautiful than the Earth, and we
should vow henceforth to reside in such a
royal and majestic domain.

Saturn, in the eyes of the ancients, kept
the frontier of the solar empire, of which the
composing Seven would not see their number-
increased. Science, daring and independent,
which despises opinions and prejudices, has
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without scruple passed this barrier and dis-
covered two new worlds, which extdaded the
ramparts of the solar domain three times be-
yond their old position.

IX.
URANUS. .

ONx the 13th of March, 1781, between ten
and eleven in the evening, a quondam organ-
ist of Halifax, who had himself made the
best telescope then in existence, observed the
small stars of the constellation of the
Twins, with a telescope of nine feet focal
length, and a magnifying power of 227.
During his observation he perceived that one
of the stars presented an unusual diameter.
Astonished, and desiring to prove the fact, he
took an eyepiece magnifying double, and
found that the diameter of the star increased
while that of the others remained the same.
More and more surprised, he fetched his
magnifying power of 932, being quadruple
that of the first, and again observed it. The
mysterious star was still larger. From that
time he no longer doubted ; this was a new
body, not a star. He continued the follow-
ing days, and noticed that it slowly moved
among the others. 1t was, then, a comet.
Herschel described it to the Royal Society in
u paper entitled, *‘ Account of a Comet ;"
and the scientific world of all countries
registered this new cometary body, and set
about observing it in order to determine its
orbit.*

The name of the astronomer was then so
little known that it is found written in every
way : Mersthel, Herthel, Hermstel, Horo-
chelle, etc. Nevertheless, the discavery of s
new comet was an event important enough
to induce a study of the new body, La-
place, Méchain, Boscowich, and Lexell
endeavored to determine the orbit along

‘which it moved. Many months elapsed be-
‘fore they guessed that it was a real planet,

and it was not until after having observed
that all the imagined orbits for the pretended
comet were soon contradicted by observa-
tion, und that it probably had a circulsr
orbit, much more distant from the Sun than
Saturn, until then the boundary of the sys-
tem, that tbey agreed to regard it as a
planet. Still this was but a provisional
agreement.

It was, indeed, more difficult thun was
thought thus to increase unscrupulously the
fzunify of the Sun. Many reasons of pro-
priety were opposed to it. Old ideas are
tyrannical. It had been the eustom for so
long to regard the venerable Saturn as
keeper of the frontiers, that it required a
great effort to determine upon withdrawing
these frontiers and (fuarding them by a n:w
world. It happened in this us in the discov-

* ¢« If Herschel had directed his telescope toward
the constellation of the Twins eleven days sooner,”
said Arago, ** the real movement of Uranus would have
escaped him, for this planet was on the second at one
of its stationary points." It may be seen by this re-
anark gn what the greatest astronomical veries

epend.
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ery of the smal planets situated between
Mars and Jupiter. Two years before this
discovery was made, Kepler imagined, for
the harmony of the world, a large planet in
this space, and the most frivolous and sense-
less considerations were urged against it.
For instance, they reasoned: ‘‘ There are
only seven openings in the head, the two
eyes, the two ears, the two nostrils, and the
mouth ; there are only seven metals; there
are but seven days in the week ; therefore
there are but seven planets,”’ etc. Consid-
erations like these, and others no less imag-
inary, often hinder the progress of astron-

omy.

V%hen William Herschel, having been pres-
ent as g spectator at the debates created by
his discovery, came to the belief that his
comet was a planet, situated at the confines
of our system, he claimed the right, which
was indisputably his, of christening the new
star. Animated by a lawful motive of grat-
itude toward George 1II., who had appreci-
ated his astronomical worth and given him
an ananal pension, he at first proposed the
name o Geor%ium Sidus, George'’s stur, as
Galileo had called the satellites of Jupiter
discovered by him, the. Medici’'s stars, and
as Horace had said, Julium Sidus. Others
proposed the name of Neptune, in order to
preserve the mythological character ; Saturn
would be thus found between his two sons,
Jupiter and Neptune. Others added to
Neptune the name of George 1II. ; others
again proposed Astrea, considering the god-
dess of Justice was as far as possible from the
Earth ; Cybele, mother of the gods; Ura-
nus, the most ancient of all to whom repara-
tion was due after so many hundred years
of neglect. Lalande suggested Herschel’s
name, to immortalize the discoverer. These
two denominations prevailed. For a long
time the planet bore the name of Herschel,
but custom has since declared for the mytho-
logli‘cal appellation of Uranus.

he discovery of Uranus has increased the
radius of the solar system from 872 millions
of miles to 1753 millions.

Compared with the preceding, this planct
is not very large, for it is scarcely eighty-two
times more bulky than the Earth. Its sea-
sons last twenty-one years, and its years
eighty-four years and a quarter. Around it
revolve eight satellites, six of which Her-
schel himself discovered. These eight
moons are rather curious, for instead of re-
volving from west to east like all moons and
plauvets of the system, they go from east to
west, and, moreover, travel at a singularly
decided inclination. The reason of this no
one can tell.

1t was thus, at the period when European
society felt the first miseries of the Revolu-
tion which was near, that Science with
peaceful conquests saw its glery inorease,
and visited new skies,

X.
NEPTUNE.
THE world which here marks the frontiers

- in the decree of eternal -laws.
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of the system is situated at such a distance
from the Sun that the light and heat which
it receives from it are thirteen hundred
times less than that with which the Earth is
enriched, 8o that no great difference can be
noticed between the day and night of this
distant planet, and to it the solar disk is
nearly reduced to the smallness of the stars,
Hence it fullows that at its surface the stars
of the heavens remain visible in the day as
well as in the night, and that the Sun is enly
a more brilliant star than the others. From
Nepture, then, the eye, situated between the
planetary world and the starry heavens, is in
a region where it must be much more sensi-
tive and endowed with peculiar properties,
which permit it to especially appreciate the
sidereal world and its riches.

2746 millions of miles is the distance which
separates this world from the Sun. TUntil
the time of its discovery, the frontiers of the
planetary system, already augmented by the
addition of Uranus, were confined to an
orbit of 1753 niillions of miles in radius.
Does this, then, imply that these are the
utmost limits, and that analysis will not be
able to go farther and add fresh members to
the already increasing family of the Sun?
No. When observations spreading over a
long series of ycars shall have been mude,
and compared with each other, the universal
law of gravitation by which the existence of
this planet was known before ever being per-
ceived in the field of the telescope, will prove
the existence of others, if ethers exist, which
is prohable ; and the progress of optics fol-
lowing equally the progress of astronom
will give to the visual power, again magnified,
the power to discover such distant plunets,
which will, doubtless, be of the sixteenth or
seventeenth magnitude.

Imagine a body a hundred times ]al('f'er
than the Earth carried into the gloomy des-
erts of space to the distance of the Neptui-
an orbit. It floats isolated, in the obscurity
of space, following an immense but purely
ideal curve, and which exists only in theory
It follows
this curve, and revolves on itself without
ever deviating from its path. To finish its
immense route and return to its starting,
point, it requires 164 years. It will return-
and again pass through this mysterious point
of space, which it passed nearly two centuries
before. What powermovesit? What hand
guides this blind body through the night of
the distant regions, and what causes it to de-
scribe this harmonious curve? It is univer-
sal attraction.

Instead of following a regular ellipse
round the Sun, the planet Uranus underwent,
from some unknown cause, a perturbation,
which retarded its theoretical path, and ex-
tended its circular curve toward a certain

oint, as if an attractive cause had seduced

e traveller from its path, and had made it
deviate from its proposed route. It was

.calculated that, in order to produce at this

point an attraction of such intensity, it was
necessary that there should be on that sids
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of the system beyond Uranus, a planet of &
certain mass, and at a certain distance.
Two astronomers, the one French, the other
Lnglish, set to work at the same time in this
research. They discovered the disturbin
cause theoretically, and observers direct
their telescopes to the spot thus indicated by
theory. They were not long in actually dis-
covering the body near the spot pointed
put, and they were able to announce to the
world the most brilliant confirmation of
aniversal gravitation.

The distance of this planet had been theo-
retically deduced from a well-known empirr
cal law called *‘ Bode's Law,’” which, how-
z7er, was first given out by Titius. Itis as
follows. Starting from 0 put dowu the num-
ber 8, and double successively, thus :

0 3 12 24 48 96 192 384
Add four to each of these numbers :
4 7 10 16 28 52 100 196 388

Now, it happens that these numbers repre-
sent the successive distances of the planets
from the Sun, even of the small planets,
which were not known at the time this law
was promulgated for the first time. The
orbit of Mercury is expressed by the number
4 ; that of Venus by 7; the Earth by 10 ;
Mars by 16; 28 describes the mean orbit of
the asteroids. Jupiter’s is expressed by 52;
Saturn’s by 100 ; and Uranus’ by 196. Ac-
cording to this there seemed a legitimate
right to place the new planet at the distance
of 388. Now the real distance of Neptune
is only 300 ; and it is to this irregularity of
the series starting from Uranus that we must
attribute the disagreement which exists in
reality between the elements of the theoreti-
cal prediction of Neptune and those given
by ulterior observation.

It must be remembered that this formula
is not, like that of attraction, the expression
of the intimate force which governs the
spheres. After Kepler had recognized the
three fundameiital laws which we have be-
fore announced, Newton discovered the
mode of action of this universal force, to
which we owe the stability of the world.
‘‘ Bodies attract each other according to their
masses, and jn theinverse ratio of the square
of their distances.”’ Inthe immensity of the
vast heavens, the gigantic suns of space obey
this formula, and in the littleness of the
actions which are performed on the surface
of the Earth, the mechanical functions of
small beings do not escape itsrule. It is the

law of creation, sustaining the life of the’

edifice in the invisikle as in the vast, ‘‘ At-
traction,” says the author of *‘ Paul and Vir-
ginia,” ‘‘is a harmonious lyre, which re-
svunds under divine fingers.’’

When we contemplate these harmonious
movements of the spheres in their orbits, in
the system confided to the keeping of the
Sun ; when we have seen that these formi-
dable luws regulate the movements of stellar
systems with the same sovereignty as they
direct those which ure executed around us;
and when to this marvellous grundeur of the
laws of nuture we compare human weakness
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and our imsignificance in the midst of this
sublime creation, we siucerely admire the
genius of the men which rose to the idea of
these causes: it seems that their power
spreads itself to other men, and one feels
proud of belonging to humanity.

XI.
COMETS.

TaEAE tailed bodies, which suddenly come
to light up the heavens, were for long regarded
with terror, like so many warning signs of
divine wrath. Men have always thought
themselves much more important than they
really are in the uuiversal order ; they have
had the vanity to pretend that the whole cre-
ation was made for them, while in reality the
whole creation does not suspect their exist-
ence. The Earth we inhabit is only one of
the smallest worlds; and therefore it can
scarcely be for it alone that all the wonders
of the heavens, of which the immense ma-
jority remain hidden from it, were created.

this disposition of man to see in himself
the centre and the ¢nd of everything, it was
easy indeed to consider the steps of nature as
unfolded in his favor ; and if some unusual
phenomenon presented itself, it was con-
sidered to be without doubt a warning from
Heaven. If these illusions had had no other
result than the amelioration of the more
timorous of the community, one would regret
those ages of ignorance ; but not only were
these fancied warnings of nouse, seeing that,
once the danger passed, man returned to his
former state ; but they also kept up among
people imaginary terrors, and revived the
fatal resolutions caused by the fear of the
end of the world.

‘When one fancies the world is about to
end—and this has becen believed for more
than a thousand years—no solicitude is feit
in the work of improving this world ; and,
by the indifference or disdain into which one
falls, periods of famine and general misery
are induced which at certain times have over-
taken our community. Why use the wealth
of a world which is going to perish? Why
work, be instructed, or rise in the progress
of the sciences or arts? Much better to for-
get the world, and absorb one’s self in the bar-
ren contemplation of an unknown life. It is
thus that ages of ignorance weigh on man,
and thrust him farther and farther into dark-
ness, while Science makes known, by its in-
fluence on the whole community, its great
value, and the magnitude of its aim,

The history of a comet would be an in-
structive episode of the great history of the
heavens. In it could be brought together
the description of the progressive movement
of human thought, as well as the astronomi-
cul theory of these extraordinary bodies. Let
us take, for example, one of the most
memorable and best-known comets, and give
an outline of its successive passages near the
Earth. Like the planetary worlds, Comets
belong to the svlar system, and are subject -
to the rule of the Star King. Itis the uni-
versal law of gravitation which guides their
path ; solar attraction governs them, as i
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pverns c¢he movement of the planets and
the small satellites. The chief point of differ-
ence between them and the planets is that
their orbits are very elongated ; and, instead
of being nearly circular, they take the ellip-
tical form. In consequence of the nature of
these orbits, the same comet may approach
very near the Sun, and afterward travel from
it to immense distances. Thus, the period
of the Comet of 1680 has been estimated at
8000 years. It appreaches the Sun, so as to
be nearer to it than our Moon is to us, while
it recedes to a distance 853 times greater than
the distunce of the Eurth from the Sun. On
the 17th of December, 1680, it was at its peri-
helicn—that is, at its greatest proximity to
the Sun ; it is now continuing its path be-
yond the Neptunian orbit. Its velocity va-
ries according to its distance from the solar
body. At its perihelion it travels thousands
of leagues per minute; at its aphelion it
does not pass over more than a few yards.
Its proximity to the Sun in its passage near
thut body caused Newton to think that it re-
ceived a heat 28,000 greater than that we ex-
perience.at the summer solstice ; and that
this heat, being 2000 times greater than that
of red-hot iron, an iron globe of the same di-
mensions would be 50,000 years entiiely los-
ing its heat. Newton added that in the end
comets will approach so near the Sun that
they will not be able to escape the preponder-
ance of its attraction, and that they will fall
one after the other into this brilliant body,
thus keeping up the heat which it perpetually
pours out into space. Such is the deplorable
end assigned to comets by the author of the
‘‘ Principia,” an end which makes De Iy
Bretonne say to Rétif : ‘‘ An immense comet,
already larger than Jupiter, wus again in-
creased in its path by being blended with six
other dying comets. Thus displaced from
its ordinary route by these slight shocks, it
did noet pursue its true elliptical orbit; so
that the unfortunate thing was precipitated
into the devouring centre of the Sun.” ‘It
is said,” added he, *‘that the poor comet,
thus burned alive, sent forth dreadful cries !’
It will be interesting, then, in a double point
of view, to follow a comet in its different
passages in sight of the Earth. Let us take
the most important in astronomical history
—the one whose orbit has been calculated
by Edmund Halley, and which was named
after him. 1t was in 1682 that this comet ap-
peared in its greatest brilliancy, accompanied
Wwith a tail which did not measure less than
32 millions of miles. By the observation of
the path which it described in the heavens,
and the time it occupied in describing it, this
astronomer calculated its orbit, and recog-
nized that the comet was the same as that
which was admired in 1531 and 1607, and
which ought to have reappeared in 1759.
Never _dld scientific prediction excite & more
lively interest. The comet returned at the
appointed time ; and on the 12th of March,
1759, reached its perihelion, Since the year
12 before the Christian era, it had presented
itself twenty-four times to the Earth, It
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was principally from the astronomical annals
of China that it was possible to follow it up
to this period. : 4

Its first memorable appearance in the his-
tory of France is that of 837, in the reign of
Louis le Débonnaire. An anonymous writer
of chronicles of that time, n_amed ‘“ The
Astronomer,” gave the following details of
this appearance, relative to the influence of
the comet on the imperial imagination :

“ During the holy days of the solemnization of Eas-
ter, a phenomenon ever fatal, and of gloomy forebod-
ing, appeared in the heavens, As soon ag the Em-
peror, who paid attention to these phenomena, re-
ceived the first announcement of it, he gave himself no
reet until he bad calied a certain iearned man and my-
self before him, As soon as I arrived, he anxious! g
asked me what I thought of such a eign. I arke
time of him, in order to consider the aspect of the
stars, and to discover the truthby their means, prom-
ieing to acquaint him on the morrow; but the Em-
peror, persnaded that I wished to gain time, which
was true, in order not to be obliged to announce any-
thing fatal to him, said tome. ‘Go on the terrace of
the palace and return at once to teil me what yon
have eeen, for I did not see this starlast evening, and
you did not point it out to me ; but I know that it is
& comet ; tell me what you think it announcesto me.'
Then scarcely allowing me time to say a word, he
added : ¢There is still another thing you keep back :
it is that a change of reign and the death of a prince
are announced by this sign.” And as I advanced the
testimony of the prophet who gaid, ‘Fear not the
signs of the heavens as the nations fear them,’ the
prince, with his grand nature, and the wisdom which
never forrook him, said, *We must_only fear Him
who has created both us and this star. But as this phe-
nomenon may refer to us, let us acknowledge it as a
warning from Heaven.’®

Louis le Débonnaire gave himself and his
court to fasting and prayer, and built
churches and monasteries. He died three
years later, in 840, and historiuns have
profited by this slight coincidence to prove
that the appearance of the comet w»s a har-
binger of death. The historiun, Ra_ul Gla-
ber, added later : ‘‘ These phenomens of the
universe are never presented to man without
surely announcing some wonderful and ter-
ribleevent.”’

Halley’s comet again appeared in April,
1066, at the moment when William the Con-
queror invaded England. It was pretended
that it had the greatest influence on the fate
of the battle of Hastings, which delivered
over the country to the Normans.

A contemporary poet, alluding probably
to the English disdem with which William
was crowned, had proclaimed in one place,
‘‘ that the comet had been more favorable to
‘William than nature had been to Caesar ; the
latter had uno hair, but William had received
some from the comet.”” A monk ¢ Malmes.
bury apostrophized the comet in these terms :
‘‘ Here thou art again, thou cause of the tears
of many mothers! 1t is long since I have
seen thee, but I see thee now, weore terrible
than ever ; thou threatenest my country with
complete ruin !”

In 1455 the same comet made a more
memorable appearance still. T Turks and
Christians were at war, the West and the
East seemed armed from head to foot—on
the point of annihilating each other. The
crusade undertaken by Pope Calixtus IIL
against the invading Saracens was waged
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with redoubled ardor on the sudden appear-
ance of the star with the flaming tail. Ma.
bhomet 11. took Constantinople by storm, and
raised the siege of Belgrade. But the Pope
having put aside both the curse of the comet
and the abominable designs of the Mussul:
mans, the Christians gained the battle, and
vanquished their enemies in a bloody fight.
The Angelus to the sound of bells dates from
these ordinances of Calixtus III. referring to
the comet.

This ancient comet witnessed many revo-
lutions in human history, at each of its ap-
pearances, even in its later ones; in 1682,
1759, 1835, it was also presented to the Earth
under the most diverse aspeets, passing
through a great variety of forms, from the
uppearance of a curved sabre, us in 1456, to
that of a misty head, as in its last visit.
Moreover, this is not an exception to the
- general rule, for these mysterious stars have

ﬁgd the gift of exercising a power on the im-
agination which plunged it in ecstasy or
trouble. Swords of fire, bloody crosses,
flaming daggers, spears, dragons, fish, and
other appearances of the same kind, were

iven to them in the middle ages and the

naissance.

Comets like those of 1577 appear, moreover,
to justify by their strange form the titles
with which they are gencrally greeted. The
most serious writer were not free from this
terror. Thus, in a chapter on celestial mon-
sters, the celebrated surgeon Ambroise Paré
described the comet of 1528 under the most
vivid and frightful colors : ‘‘ Thiscomet was
so0 horrible and dreadful that it engendered
such great terror to the people that the
‘died, some with fear, others with illness. It
appeared to be of immense length, and of
blood color ; at its head was seen the figure
of a curved arm, holding a large sword in
the hand, as if it wished to strike. At the
point of the sword there were three stars,
and on either side were seen a great number
of hatchets, knives, and swords covered with
blood, among which were numerous hideous
human faces, with bristling beards and hair.”’
The imu%ination has g eyes when it ex-
erts itself. The great and strange variety of
cometary aspects is described with exactitude
by Father Souciet in his Latin poem on
comets. ** Most of them,”” says he, ‘‘ shine
with fires interlaced like thiek hair, and from
this they have taken the name of comets.
One draws after it the twisted folds of a lon
tail ; another appears to have a white an
bushy beard ; thisone throws a glimmer sim-
ilar to that of a lamp burning during the
night ; that one, O Titan! represents thy
resplendent faee ; and this other, O Phebe !
the form of thy nascent horns. There are
some which bristle with twisted serpents.
Shall T speak of those armies which have
sometimes appeared in the air? of those
clouds which follow as it were alonga circle,
or which resembled the head of Medusa?
Have there not often been seen figures of
>2en or savage animals ?

““Orten, in the gloum of night, lighted up
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by these sad fires, the horrible sound of arms
is heard, the clashing of swords which meet
in the clouds, the ether furiously resoundiug
with fearful din which crush the people with
terror. All comets have a melancholy light,
but they have not all the same color. Some
have a leaden color ; others that cf flame or
brass. The fires of somehave the redness of
blood ; others resemble the brightness of sil-
ver. Some again are azure ; others have the
dark and pale color of iron. These differ-
ences come from the diversity of the vapors
which surround the, or from the different
manner in which they receive the Sun’s
rays. Do you not see in our fires, that vari-
ous kinds of wood produce different colors?
Pines and firs give a flame mixed with thick
smoke, and throw out little light. That
which rises from sulphur and thick bitumen
is bluish. Lighted straw gives out sparks of
a reddish color. The large olive, laurel, ash
of Parnassus, etc., trees which always retain
their sap, throw a whitish light similar to
that of a lamp. Thus, comets whose fires
are formed of different materials, each take
and preserve a color which is peculiar to
them.”’

Instead of being a cause of fear and terror,
the variety and variability of the aspect of
comets ought rather to indicate to us the
harmlessuess of their nature.

XII.
COMETS (CONTINUED),

Taz following are some of the ideas put
forth by Maupertuis in his ‘‘ Lettres sur l¢
Comete de 1742 :

In the present day it will not be believed
that such distant bodies as comets cun have
any influence on things here below, nor can
they be signs of what is to happen. What
connection should these bodies have with
that which goes on in the councilsand armies
of kings?

It would be necessary that their influence
should be made known, either by revelation,
reason, or experience ; and it may be said
that we have not met with it in any of these
sources of our knowledge. It is very trne
that there is an universal connection between
everything in nature, as much in the physi-
cal as in the moral world ; each event, hound
to that which precedes it, and to that which
follows it, is only one link of the chain which
forms the order and suceession of things ; if
it were not placed as it is, the chain would
be different, and would, belong to auother
unijverse,

Reasoning thus, the astronomer doubts the
non-influence of comets as well as he does
their influence ; to confirm his ideas, he re-
calls those of others, and soon comes to the
belief that comets cause many other events
besides simple colds.

Kepler, to whom astronomy owes so much,
thought it reasonable that, as the sea has its
whales and its monsters, the air possesses
them also. These monsters are comets, ané
he explains how they are produced.

-
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Some people have believed that comets
were expressly created every time it was nec-
essary to announce the design of God to
men, and that the angels had the care.of
them. They added that this explanation
solved all the difficulties which could arise in
the matter. Lastly, in order that all the
absurdities with regard to them may be
stated, there were sume people who denied
that comets existed, and who considered
them as false appearances, caused by the re-
flection or refraction of light. They alone
understood how the reflection or refraction
was caused, without bodies to cause it. Ac-
cording to Aristotle, comets were meteors
formed by exhalations from the earth and
sea, and this was, as may be imagined, the
decision of the crowd of philosophers who
believed and thought only as he did. In
older times still, people possessed more cor-
rect ideas of comets. The Chaldeans knew
that they were material bodies and a species
of planet, the courses of which they suc-
ceeded in calculating. Senecu embraced this
opinion ; he speaks to us of comets ina man-
ner so conformable with all thatis known of
them in the present day, that it may be said
that he guessed what the experience and ob-
servations of moderns have discovered.

It was after having spoken of the opinions
of the ancients that Maupertuis explained
his own. ‘* The regular course of comets no
longer allows them to be considered as warn-
ings, or as lighted torches to terrify the
Earth. But although a more perfect knowl-
edge than that which the ancients had pre-
vents us from regarding them as supernatu-
ral warnings, it teaches us that they may be
the physical causes of great events.”’ He
dreads the approach of the tailed bodies to
the Earth. Fn the variety of their move-
ments he sves the possibility o an encoun-
ter with some planets, and, consequently,
with the Earth. It cannot then be doubted,
says he, that terrible accidents will happen
from the simple approach of these two bod-
ies, for such approach would make great
changes in their movements, either lecause
of the attraction which they exercise over
each other, or because of some fluid con-
fined between them. The least of these
movements would do nothing less than
change the situation of the axis and poles of
the Eurth. That part of the globe which
was formerly toward the equator .would be
found, after such an event, near the poles,
and that which was near the poles would be
found toward the equator. ‘‘ Tho approach
of a comet,” he adds, “might have other
still more frightful consequences. 1 have
not yet spoken to you of the tails of comets.
On these, as on comets, strange * opinions
have been held ; but the most probable is
that they are principally composed of im-
mense torrents of exhalations and vapors,
which the Sun’s heat draws from their
nuclei. A comet, accompanied by a tail,
may pass so near the Earth that we ma
find ourselves immersed in the torrent whic
it carries with it.”’

Such Is the perspective to which we are
by degrees conducted by this physicist ; buy
he gives us a singular consolation. As the
human race would all perish together in this
catastrophe, being swallowed up by boiling
water, or poisoned by mephitic gases, and as
no one would remain to weep over the agony
of the Eurth, he tells us it is easy to con-
sole ourselves. ‘‘ A universal misfortune is
scarcely a misfortune. 1t would be he whose
unfortunately too-robust temperament would
make him survive alone in an accident
which had destroyed the whole human race
except himself, who would have to lament !
King of the whole Earth, possessor of all
its treasures, he would perish of sadness
and ennui: his whole life would not be
worth the last moment of him who dies with
those he loves.”’

Thus, in the last century, people still be-
lieved in the terrible power of these unhappy
stars. In the present day, and especially
since the famous comet of 1811, country
people have imagined rather that they pre-
dicted excellent vintages. These ideas are as
void of proof as the former. Although these
bodies have greatly lost their prestige, they
have not been entirely despoiled of it. More-
over, who could effuce the impression pro-
duced by some of their aspects ? Often they
have been considered as signs of curses hov-
ering over men and empires.

Nevertheless, nothing proves that comets
are gifted with any influence whatever, I do
not say on the morals of men, but on the
physics of the world. Their lightness, the
extreme diffusio. ol their substance, induces
us to believe rather that they possess no kind
of action on the planets. Let us imagine
that they are harmless. Like atmospheric
clouds, whose magnitude, form, and shade
vary with the caprice of the winds and ac-
cording to the fortuitous play of solar rays,
the vaporous agglomerations which form
comets take every possible form under the
impulsion of cosmical forces more or less
intense. At their approach to the fiery body,
their substance distends itself, assumes a
wonderful size, and develops itself over an
expanse f many million leagues. They are
of such lightness and suppleness that a ray
of heat may, at its will, cause them to take
any shape: you have an instance of this
lightness -in the comet recently observed in
1862 ; the form and position of the luminous
appendages changed from day to day ; and
observers might have believed that even a
portion of the substance of the nucleus flowed
into space. On the other hand, their rarity
is such that out of the tails of certain comets
we should be able to cut a piece the size of
Notre Dame, and inhaleit as a homeeopathic
inspiration. Comets have been seen several
million leagues long, whose mass was never-
theless so small that it would have been
possible, without fatigue, to carry it on one’s
shoulder. Thus, the extreme variability of
the cometary forms ought to pruclaim these
terrible bodies harmless,
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And, indeed, these celestial bodies are not
exceptional phenomena ; they are subjected,
like others, to the inexorable laws of nature.
Two thousand years ago Seneca wrote, ‘‘ A
day will come when the course of these bod-
ies will be known, and submitted to rules,
like that of the planets.”’ The prophecy of
the philosopher is realized. It is now known
that, like the planets, comets gravitate round
the Sun, and depend equally on its central
attraction. Only, instead of moving in
orbits, cireular, or nearly so, the&r‘ describe
oval curves—very long ellipses. Thisis the
great distinction established between them
and planets. Instead of being opaque, heavy,
and important bodies like our planets, they
are of great lightness, and extreme tenuity,
One day, a comet carried away by its rapid
march, traversed the system of Jupiter ; the
satellites and the planet were for some hours
surrounded by the comet ; and when the body
had passed over them they had not under-
gone the slightest deviation in their path.
‘When Maupertuis, wishing to explain the
origin of Saturn’s ring, thought he had con-
ceived an ingenious idea in attributing this
appendage to the tail of a comet which was
wouud round the planet, he did not dream of
the extreme rarity of these impotent vapors.

The distinctive character of comets lies
especially in the length of their course, and
in the immense duration of their journeys
round the Sun, through the celestial re-
gions,

BOOK FOURTH.

L
THE TERRESTRIAL GLOBE.

‘WHhILE reviewing the worlds belonging to
solar rule, we passed over the space which
separates Venus from Mars without noticing
a body which occupies the mid-distance.
This body, moreover, ought to interest us
somewhat, for it relates to us more nearly
than all the others.

The Earth, isolated in space like all the
other planets that we have seen, is situated
some 91 millions of miles from the Sun, and
journeys along an orbit which it traverses in
865% days. Like some of its companious, it
has u faithful attendant—a satellite revolving
round it. This is its little system, and the
Moon accompanies it humbly in all its voy-
ages through space.

Like the other planets, also, it rotates on
an axis with great rapidity, for at some parts
of its surface bodies trave] at the rate of 1000
miles an hour. It is spheroidal, and rather
flattcned at its poles, which proves its prim-
itive state of fluidity. Of this state, a proof
more easy to recognize still remains in its
volcanoes, with their open craters, from
which are ejected the interior substances of
the Earth in the state of fusion, and at the
high temperature in which they exist at the

resent time. Correctly speaking, the whole

rth is still a globe of liquid substances,
melted by the intense heat which glows un-
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der our feet; for the solid stratum of this
globe—the crust which surrounds it, and
on which we live—is not, it has been
estimated, a hundred miles in thickness.
The Earth resembles a thin glass globe, a
yard in diameter, filled with metals in a state
of fusion. 1f there were not some aper-
tures—that is to say, some volcanoes, to
allow the vapors to escape, it might happen
that the globe would burst. What is the real
size of this globe? Imagine a gigantic die,
each side of which would measure one mile
in length ; you would have then a volume of
one cubic mile. To form a volume equal to
that of the Earth, it would be necessary to

., heap up 260,63 millions of these cubic

miles,

What is its weight? We have already
glanced at it in speaking of the Sun’s
weight. To express it in tons, it requires a
row of twenty-two figures.

The weight of the atmosphere which sur-
rounds the Earth is not the millionth part
of the weight of the whole Earth ; yet each
of us carries on our shoulders a pressure of
about 8000 pounds. Let us add, in passing,
that this pressure, although not to be
despised, is not perceptible to us, because it
is counterbalanced by an equal pressure
exercised in the opposite direction by the
fluids within our body.

The surface of the Earth is about 197,000,-
000 square miles. Of this surface the ocean
occupies 145,000,000 square miles ; only 52,-
000,000 therefore remain for terra firma.
There is then only about a quarter of the
Earth’s surface which is habitable ; the re-
mainder lies hidden in the bosom of the
waves.

By retreating into space we should be bet-
ter able to judge of the Earth asa star. At
the distance of the Moon, that is, about 240,-
000 miles, the Earth would appear to us as
the Moon does, being not less luminous and
much larger. At ten times this distance the
Earth would still present to the naked eye
a perceptible disk, and its light would be in-
termediate between that of the Moon and
that of the stars. Again, at ten times far-
ther, that is to say, at the distance of the or-
bit of Venus, the Earth would be seen under
the form of a heautiful star of the first mag-
nitude, without any appreciable disk, as a
brilliant point, similar to Jupiter. But
if we go farther still, the Earth, already
promoted from the rank of a planet to
that of a star of the first magnitude, will
afterward fall from magnitude to mag-
nitude to the last order of visibility, and
would be finally lost in the depths of the in-
visible. It is scarcely necessary to add that
the light with which it shines and with
which it is radiunt in space is no other than
the light received by us from the Sun, and it
would be seen under every possible phase,
according as it would be observed fully
lighted up, or from one side, or obliquely, or
when turning round its opposite hemisphere
to the Sun,

The Earth revolves round the Sun, with &
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movement of trauslation similar to that
which we have noticed in the case of all the
planets. It is this movement which consti-
tutes its year. Its rotatory movement on ite
axis, which may be compared to that of s
spinning top, constitutes its diurnal period,
its day. It is to this sccond movement that
we owe the illusion of the apparent move-
ment of all the stars,

All that has been said on the diurnal move-
ment of the stars round the Pole Star will
be easily understood if we reflect that this
star lies in the continuation of the axis of the
Earth. The Earth turning, suppose, from
left to right in our northern hemisphere, all
the objects situated outside it, that is tu say,
the stars, appear to turn from right to left,
in the direction contrary to the movement
which carries us on. When you are in a
railway carriage, if you forget the movement
of the train, the objects you pass will appear
to fly behind you, and if you did not know
for certain that it was you who were wmov-
ing, believing yourself stationary, you would
have the conviction that it was the trees and
hills which are travelling., A similar delu-
sion presents itself when we find ourselves
on the top of a high tower, and the clouds
pass rapidly above us. It seems as if the
tower advances and moves under our feet.

One morning I was at the top of the steeple -

of Strasburg Cathedral ; the sun had scarcely
risen, and some c¢luuds coming from the Rhine
had entirely hidden the town and the whole
lower space from me. These cloud-bands
were driven by an east wind and passed be-
low me. In spite of the complete certainty
that I naturally had ot the stability of the
high cathedral, it was impossible to keep in
my mind the feeling of reality, but the delu-
sion carrying it away, I believed myself
again in the train—the cathedral certninly
moved toward Germany. I closed my ayes,

hut the movement continued its action in
my mind, and it was not until ten minutes
after, when the Sun had lighted up the
scene and cleared away the vapors, that the
roofs of Strasburg restored me to the reulity.
The apparent movement of revolution of the
Sun round the Earth, which seems to be
effected from east to west—the opposite of
the real movement of the Earth, from west
to east—constitutes our day and uight. The
moment at which the Sun attains the middle
of its course, the culminating point, is that
which divides the day into two equal parts.
The opposite moment, when the Sun is dia-
metricully under our feet, marks the middle
of the night. From this it is evident that
our noon is the midnight of the people who
live in the countries situated on the opposite
side of the Earth, and that, conversely,
when they have noon we have midnight.
The Sun then regulates time by passing over
the heads of each of the nations which in-
habit the globe. The civil day commences
at midnight, and is composed of two peri-
ods : the morning, from midnight to noon ;
the afternoon, from noon to midnight. As-
tronomers do not follow this custom ; they
reckon their day from noon, and make of it
one perivd, from 0 hour to 24 hours, which
they count from noon to the following noon.
Let us now see how the Earth is studied,
and by what means its different parts are
recognized. -

As the Earth is a sphere, the two points
at the opposite extremities of the ideal axis
around which it rotates are called the poles.
If we trace, perpendiculatly to this axis, a
large circle at an equal distance from the
two poles, which would cut the spnere into
two equal portions, this circle is the equator.
Now the distance from the equator to the
poles on each side of it is divided into ninety
equal distances ; these are degrees of lati-
tude. Lastly, the great equatorial circle
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jtself, or the entire circumference of the
globe, is divided into 360 equal parts by
other great circles passing through the poles
arranged on the sphere, like the slices of a
melon ; theseare the meridians of longitude.
There are,-consequently, 180 in each half of
the sphere, and ninety in each quarter.
These names, longitude and latitude, date
from a time when the terrestrial region,
which had alone been measured, was sup-
posed to be an oblong figure, the length of
which extended in the direction of ‘the
equator, and the width in that of the merid-
ians.

Degrees of latitude then are counted start-
ing from the equator ; either north or south,
as far as the north pole or the south pole.
The degrees of longitude cut them, and are
counteg from any point, being reckoned tow-
ard the east entirely round the globe. The
line of the poles goes from north to south,
or south to north, indifferently ; the line of
the equator goes from east to west, or from
west to east. When we advance from the
eastern to the western side we do not change
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our latitude, but our longitude. If, for in-
stance, we go from Paris to Vienna, we
ghall have made fiftcen degrees of longitude
toward the east. As the Earth is 24,000
miles in circumference, we see that each of
the 860 divisions of s egquator (in other
words, cach of the degrees of longitude) is
equal to (9% miles ; this value diminishes
toward the poles. Moreover, as the sun
employs twenty-four hours for the iloumey
it seems to make, it appears to travel 15 de-
grees an hour, 180in twelve hours, and 360 in
twenty-four hours ; each hour being equiva-
lent to 15 degrees. Thus, at Vienna, noon is
an hour earlier than at Paris. Going on
toward the east, the traveller will gain an
hour every fifteen degrees, and if he keeps
his wateh aceording to London time it will
be on hour slow for every fifteen degrees.
If he goes round the world travelling east,
and if he sets his watch by the time of the
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countries through which he travels, it will ad-
vance on London time, in proportion as he
continues his journey ; when he arrives in
London after having thus made the tour of

"the world easterly, he will have gained

twenty-four hours, and will reckon a day
more than we do : it will be Monday with
him while with us it is Sunday.

It is on account of this difference in the
time that if, on visiting the borders of the
Rhine, you take the train at Iehl for Stras-
burg, as the Kehl stution is regulated by the
Baden time, and that of Strasburg by Paris
time, you will arrive at Strusburg ten min-

‘utes before the time of your departure from

Kehl

For the same reason, when the Emperor
of the French delivers his speech at the open-
ing of the Chambers, this speech flying to
London by telegraph, the conclusion may be
read by us before it has left the lips of the
Emperor, reckoning merely by time. The
watch of another tinveller, going west, will
be too fast, unlike our preceding one ; and
if he sets it by the time of the countries
through which he pusses, on returning to
London, after having gone round the world
with him, it will only be Saturday, while
with us it is Sunday. This singularity in
the way of reckoning would be experienced
every time 4 veesel arrived which had been
round the world, if it had counted the days
without conforming to the time of the coun-
tries through which it passed.

For the same reuson, says Lalande (‘‘ As-
tronomie des Dames’’), the inhabitants of
the South Sea Islands, which are twelve hours
distant from our meridian, must see that trav-
ellers who come from the Indies and those
from America count the days of the week
differently, "the first being onme day in
advance of the others ; for, supposing that it
is Sunday at noon at London, those who are
in India say that Sunday noon has already

assed six or seven hours; and in America
it will still be Saturday evening, This fact
appeared very singular to our old travellers,
who were accused at first of having made a
mistake in their almanac, and of having lost
the thread of their calculation. Dampier,
on going westward to Mendanao, found that
there they were a day in advance of him.
Varenius said the same at Macao, a maritime
town in China. The Portuguese always
reckon a day in advance of the Spaniards at
the Philippines, although not so distant ; the
former have Sunday, while the latter only
count Saturday. The reason of this is, that
the Portuguese who settled at Macao went
there by the Cape of Good Hope, travelling
from the west—that is 1o say, starting from
America and crossing the South Sea.

It will be seen from this sketch that the
Earth is a planet, and is regulated by planet-
ary movements ; that there is nothing abso-
lute in any of these data of time and space ;
that all is relative to the condition of each
planet ; and that on each of the pluncts these
elements differ according to their magni-
tude. as do the movements which give rise
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1o them. But, it may be asked, on _What
grounds are these thevretical rules established,
and what proves to us that, on the other
hand, the Earth is not the ahsolute fixed
world, established as the base of the heavens,
and that all these movements are not real as
they appear? How can it be proved that
this is (ﬁ;lusion of our senses ; and, since it
has been discovered only through observa-
tion, how has it been known that these are
only simple appearances ?

If you will listen to me for a few moments
you will be as convinced on this subject as I
am, I

PROOFS THAT THE EARTH I8 ROUND—THAT
IT TURNS ON AN AXIS, AND REVOLVES
ROUND THE SUN.

I mave known people who were never so
eager us when addressing a thousand astro-
nomical questions to me, and who had no
sooner received my answers than they ridi-
culed all with the greatest ingenuity. With-
out noticing their really primitive rudeness,
it was astonishing to see them, at the same
time, so curious and yet so difficult to please.
In their eyes scientific men were dreamers,
who fancied they understood, but who, in
reality, were as unable as the rest of the
world to discover the secrets of nature,

I have known others, a little more intelli-
gent than the former, but who, considering
the different phases of the history of the
science, its successes and its revorsos,
thought that we turn in a vicious circle, that
we do not gossess the true knowledge of
things, and that our systems, however solidly
based they may appear, must never be re-
ceived but as hypothescs.

The cosmographical question which
touches us most nearly, that of the isolation
and movement of the Earth in space, espe-
cially dissipates the doubtsof which1 speak.
For those who have heard these doubts
stated, and who have not always undeniable
proofs ready to hand, 1 shall give here the
fundamental points on which this element of
the new systemn of the world rests. We
state, first, that the Earth is round ; that it
has the form of a sphere rather flattened at
the poles. The first fact which bears testi-
mony to this is the convexity of theimmense
expanse of water which covers the greater
part of the globe. The mere sight of a ship
at sea suffices to prove this curvature. On
reaching the blue line which seems to form
the separation of the sky and the water, the
receding ship appears for a moment to rest
on the horizon. A little later it disappears,
not the upper, but the lower part. I'he sea
rises at first between the hull and the
observer ; afterward it hides the lower sails ;
the tops of the masts are the last to disap-
pear. A similar phenomenon is visible tv un
obscrver placed on the ship; the lower
coasts vanish first ; the buildings, high tow-
ers, and lighthouses being the objects which
remafn longest visible. This double fact
proves, in an evident manner, the convexity
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of the sea. If it were a plane surface, the
distance alone would hide a vessel, and ip
this casc all would disappear together, the
upper as soon as the lower sails.

It follows, moreover, from this same kind
of observation, that the curvature of the
ocean is the same in every direction ; now
this property belongs only to the sphere.

The convexity of the sea extends itself to
the solid land. In spite of the inequalities
of the ground, the surface of the continents
does not differ essentially from the seas ; for
it is known that the highest chains of moun-
tains are far from producing, on the general
surface of the Earth, protuberances compar-
able to the corrugations of the skin of am
orange. Now, the rivers which divide the
solid Earth in every direction, to be again.
united in the ocean, are scarcely higher than
its level, and may be considered as the con-
tinued surface of the sea throughout the
whole extent of the continents. The baro-
metric measures of the heights of mountains
have confirmed this fact. The land of the
continents deviates little from this level, and
presents, as a whole, a curvature entirely like
that of the seas. Moreover, on the land as
on the sea, the highest objects are always the
first and last which the traveller sees.

Voyagers of circumnavigation have, on the
other hand, given a palpable proof of the
sphericity of the Earth. The first of the
navigators who undertook the daring enter-
prise of going round the world was the Por:
tuguese, Magellan, who left Spain in 1519,
going always to the west. Without having
changed its direction, one of his vessels (that
of Lieutenant Cano) reached Europe three
years afterward, as if it had come from the
east. The numerous voyages of circumnav-
igation accomplished since that time have
superabundantly confirmed this truth—the
Earth is round in every direction.

Another é)roof of the convexity of the Earth

is furnished by the change of aspect under-
gone by the heavens during voyages. If we
steer toward the pole or approach 2he equa-
tor, fresh stars are continually seen ; in the
same way, those of the latitudes which we
leave behind are lost to sight. This appear-
ance can only be caused by the roundness of
the Earth ; if the Earth were a plane, all the
stars would be visible at the same time,
. The shadow thrown by the Earth on the
Moon, during eclipses, is always circular,
whatever side the terrestrial disk at the time
presents to the lunar disk. This conical
shadow, invariably observed, is a fresh proof
in favor of the sphericity of the Earth.

Such are the common facts which prove,
in a positive way, the truth we have put for-
ward. If we desired to enter into questions
of geodesy or mechanics, I could present
more rigorous considerations still ; but the
preceding proofs are sufficient for us here.

Let us now see what basis of truth they
hnve who assert that the Earth is isolated
and in motion through space. The diffi-
culty which certain minds have in believing
thut the Earth can be suspended like a bal-
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Toon in space, and completely isolated from
every kind of support, proceeds from a false
notion of gravity. The history of ancient
astronomy shows us the profound perplexity
of the first observers who ‘began to conceive
the reality -of this isolation, but could not
understand what hindered this heavy globe,
on which we live, from falling. The early
Chaldeans supposed the Earth hollow, and
similar to a boat ; it could then float on the
abyss of the ether. Some ancients fancied
that it rested on pivots placed at the two
poles. Others supposed that it stretched in-
definitely below our teet. All these systems
were conceived under the impression of a
false idea of gravity. To rid ourselves of this
old delusion, it is necessary to know shat
gravity is only an effect produced by the
attraction of a centre. A body never falls
but when the attraction of another more im-
portant body solicits it. The expressions
“from above’”’ and *‘ from below’’ can only
be applied to a determined material system,
in which the attractive centre may be con-
sidered 1s the bottom; beyond this they
signify. «othing. ‘When, then, we suppose
our giobe isolated in space, we do nothing
which can give rise to the objection before
mentioned —namely, that the Earth will fall.

The Earth may be isolated in space. But
not only may it, but it is so in reality. 1f it
were supported by a neighboring bodg at
some point of its surface, this support, which
would necessarily be of very great dimen-
sions, would certainly be perceived when it
was approached. It would be seen project-
ing from the Earth and losing itselg in
space. There is no necessity to state that
travellers who have gone round the world in
every direction have never perceived any-
thing like this; the terrestrial surface is
entirely detached from everything which
exists around it. 'We now come to the third
point of this chapter, to the positive proofs
of the Earth’s motion.

,Let us notive, first, that the appearances of
exterior objects will be identically the same
to us whether the Earth being in repose these
objects are in motion, or these objects being
in repose the Earth itself is in motion. If
the Earth carries in its movement everything
which belongs to it—seas, atmosphere,
clouds, etc.—we should only be conscious of
this movement, in which we participate, by
the changing aspect of the immovable sky.
Now as, in both cases, the appearances are
the same, we are going to show that the
hypothesis of the Earth’s movement explains
everything, while without it we fall into an
inacceptable complication of systems.

If the Earth turns on its axis in twenty-
four hours, we see directly that its mean
radius being some 8000 miles, and its circum-
ference 24,000, a point situated on the equa-
tor would travel 1000 miles an hour. This
velocity, which seems considerable, has been
thought to be an objection against the move-
ment of the Earth. But we shall see with
what tremendous velocity it would be neces-
sary to animate the heavenly spheres to cause
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them each to traverse the circumference of
the heavens in the same lapse of twenty-four
hours.

In the first place, the Sun being distant
from the Earth 23,000 times the terrestrial
radius, on the hypothesis of the irnmobility
of the Earth, the Sun would describe a cir-
cumference 23,000 times greater than the
equator, that is, it would travel 23,000 times¢
1000 miles an hour ! D

Jupiter is about five times farther away ;
its velocity would be more rapid still ; Nep-
tune, thirty times ; it would travel still fast-
er. Such would be the different velocities
with which the planets would be animated if
they revolved round our globe in_twenty-
four hours, at they appear to do. It shows
that the objection against the movement of
the Earth on the ground of rapid motion is
untenable. What would this motion be if
we should consider the fixed stars? Our
neighbor, the star ¢ of the Centaur, must
travel more than a million times faster than
1000 miles an hour, and so on with all the
stars, until with the more distant ones we
should fail to find a number to express the
velocity of their motjon in revolving around
this invisible point which we call the Earth.

Let us add to this that these bodies are,
one, 1400 times larger than the earth,
another, 1,400,000 times, and others more
bulky still ; that they are not united one to

‘the other by any solid tie which connects

them with the movement of the heavenly
vault ; and that they are all situated at the
most diverse distances; and this fearful
complication of the system of the heavens
will itself bear witness of its non-existence—
we might say of its mechanical impossi-
bility. o
But not only is it impossible for che diur-
nal movement of the celestial sphere to be
understood except by the admission of the
movement of the Earth on its axis, but the
movements of the planets in the zodiac, their
stations and retrogradations, demand it as
imperatively. To explain the planetary ap-
pearances, supposing the Earth immovable,
the ancients imagined as many as seventy
circles placed one within the other, solid
circles or crystal heavens, which nothing
could surpass in complication, and which if
they could exist for an instant would have
gsoon been dashed to pieces by wandering
comets or aerolites which we meet in space.
Again, on the other hand, analogy singu-
larly confirms the hypothesis of the move-
ment of the Earth, and changes into certainty
its great likelihood. The telescope shows in
the planets, globes analogous to our own,
which have u rotatory movement on their
axes, a rotatory movement of twenty-four
hours’ duration in the case of the nearest
planets, and of a less duration still in the
case of the more distant ones. Thus, sim-
plicity and analogy are in favor of the
Earth’s movement. Let us now add, that
this movement is rigorous]fy required and de-
termined by all the laws of celestial mechan-
ics. The great difficulty which has been
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advanced against the movement of tpe Earth,
and which was in favor for some time, was
this ; if the Earth turns under our feet, if we
ruise ourselves up into space, and find the
means of supporting ourselves for a few
seconds or more, we ought to fall after this
length of time on a spot more to the west
than the starting-point. For instance, at the
equator, he who could find means to support
himself immovable in the atmosphere for
half a minute, must fall some miles to the
west of the place whence he started. This
would be an excellent way of travelling, and
Cyrano de Bergerac claimed to bave used it
when, having raised himself in the atmos.
phere by a balloon of his own, he fell, a few
hours after his departure, in Canada instead
of coming down again into France. Some
sentimentalists, Buchanan among the rest,
have given to the objection a more tender
form, saying that if the Earth revolved, the
turtle-dove would never dare to rise from
her nest, for soon she would inevitably lose
sight of her young ones.

The reader has already replied to this ob-
jection by considering that all that belongs
to the Earth participates, as we have stated,
in its rotatory movement, and that to the
last limits of the atmosphere our globe draws
all in its course.

Direct observation of different phenomena
has confirmed the theory of the movement
of the Earth, and has confiimed it by unde-
niable material proofs.

If the %lobe turns, it develops a certain
centrifugal force ; this force will be nil at the
poles, will have its maximum at the equator,
and will he greater in proportion as the
object to which it is applied is at a ’lgreater
distance from the axis of rotation. his is,
on a large scale, similar to that which exists
on a smaller one in the case of a string, or
wheel in rapid movement. Now, let us sup-
pose that we fix a plumb-line to the top of a
tower, and allow the weight which stretches
it to descend to the ground ; the direction of
this plumb-line toward the centre of the
Eurth, that is to say, the perpendicular to
the water level, will be slightly modified by
the effect of the centrifugal force, resulting
from the rotation of the globe, measured at
the foot of the tower. If we fix also at the
top of the tower, a little to the east of the
fivst, a second very short plumb-line, so that
‘ts weight is situated a little below the point
of joining, this second line will not have
quite the direction of the first, for the cen-
trifugal force due to the movement of the
Earth being greater at the top of the tower
than at the foot, will cause the line to devi
ate a little to the east. This minute obser-
vation has been made and repeated with the
greatest care ; it is, in its way, a proof of the
rotation of the Earth.

The oscillations of the seconds pendulum
support the foregoing fact. Not only are
they slower at the equator than at the poles,
because the equatorial radijus is greater than
the polar radius, but the difference is too
great to be attributed to this cause alone.

At the equator the centrifugal force partly
counterbalances the effect of the weight. A
curious remark to be made here is, that at
the equator this force is z4y of the weight.
Now, as the force increases in proportion to
the square of the velocity of rotation, and as
289 is the square of 17, if the Earth turned 17
times quicker, bodies at the equator would
no longer weigh auything ; a stone thrown
into space would not fall.

Here is another fact no less positive than
the preceding, and more easy to appreciate,
as another proof in favor of the movement of
the Earth., If the Eurth were immovable,
and the starry sphere revolved round it in
twenty-four hours, the stars would never
pass the meridian, would never rise or set, at’
the time predicted from their longitudes in
the heavens. The luminous rays which they
send to us, taking unequal intervals to reach
us according to their relative distances,
would cause an extreme confusion in the
hours of their apparent passages. A star,
for instance, which, in reality, passes now
at the meridian, but is situated at such a dis-
tance that its light takes six hours to reach
us, will only appear to pass it six hours
later, that is to say, at the time of its set-
ting. Another will be twelve hours late ;
another months or years, and so on. This is
another material proof that it is not the heav-
enly spheres which move, but the Earth
itself. The real annual movements of the
stars in the heavens, of which we have
spoken when stating the method used to de-
termine the distances of the stars, furnish un
equally positive proof of the movement of
the Earth round the Sun, It is the same
with the phenomenon of the aberration of
light, The physics of the globe also furnish
their contingent of proofs to the theory of
the movement of the Earth ; and it may be
said that all branches of the sciences, nearly
or distuntly connected with cosmography,
are united in the unanimous confirmation of
this theory. The very form of the terres-
trial spheroid shows that this planet was a
fluid mass animated with a certain velocity
of rotation, a conclusion to which geologists
have arrived in their researches. Other
facts, as the currents of the atmosphere and

. the ocean, the polar currents and the trade-

winds, equully find their cause in the rota-
tion of the globe ; but these facts have less
value than the preceding ones, seeing that
they might agree with the hypothesis of the
movement of the Sun.

We shall conclude by recallini)M. Fou-
cault’s brilliant experiment at the Pantheon,
in Paris. Unless we deny the evidence, this
experiment proves indubitably the move-
meunt of the Earth. It consists in fixing a
steel wire by its upper end into a metallic
plate, solidly fitted into a ceiling. 'The wire
13 then stretched at its lower end by a rather
heavy copper ball. A pointer is attached
below the ball, and fine sand spread on the
ground to receive the trace of this point.
We have a long pendulum ; and when the
pendulum is in motion it happens that the
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point does not always trace the same line in
the sand. Successive traces which cross at
the centre follow each other, and show a de-
viation in the plane of the oscillations from
east to west. In reality, the plane of the
oscillations remains fixed ; the Earth turns
underneath from west to east. This last ex-
periment has placed the seal on the positive
proofs of the mmovement of the Earth.

Thus, like all the heavenly bodies, the
Earth revolves. ‘Absolute repese does not
exist in the universe ; all is in motion ; and
it is on this universal law of movement that
the stability of the world rests.

But a question presents itself here: the
Earth turns ; we grant it! But is it possi-
ble for it to stop? Or what would happen
if, by any chance, it ceased suddenly or by
degrees, to revolve in its rapid motion ? Let
us see : the subject is worth the inquiry, as
it is very curious. In trying to reply to this
strange question, I wish to give it more im-
portance than it really possesses. That our
globe will one day cease to revolve is what
we may fearlessly declare impossible ; and
that with all the authority which belongs to
the principles of celestial mechanics. On
the part of our world, we have nothing to
expect or to fear from this chimera. 1 say,
to fear | For here are the inevitable conse-
quences which would follow from the sim-
ple arresting of the Earth in its course.

Let us first call to mind that the motion of
a body situated on the surface of the Earth
is composed of two portions—the movement
of diurnal rotation of the globe on its axis,
and its movement of translation round the
Sun, In virtue of the first, the bodies placed
on the terrestrial equator travel 1000 miles
an hour. This velocity diminishes from the
equator, where it is a maximum, to the
poles, where it is nt/, as bodies have natu-
rally so much lonﬁfr a path to travel as their
latitude is less. consequence of the sec-
ond movement of the Earth—its revolution
in space round the Sun—each particle of its
mass travels 68,000 miles an hour.

An idea may be formed of this velocity if
we reflect that an express train at full apeed
does not go more than sixty miles an hour,
and that a 24-pounder ball has only, on its
leaving the cannom, a velocity of some 300
yards a second.

As every part belonging to a material sys-
tem in movement is animated with the same
motion, if by an abrupt stoppage this system
is suddenly brought to repose, the portions
which can be displaced at its surface will
continue, in virtue of the acquired velocity,
to move in their original direction. Itis on
account of this principle that when your
horse suddenly falls under the pole of your
rapid chariot, you find yourself unfortunate-
ly thrown over the head of your Pegusus,
1t is also in virtue of the same principle that
you must take certain precautions in de-
scending from an omnibus in motion, since
your feet being suddenly placed on the im-
movable ground while your body is still an-

Imated with the acquired velocity, you are
inclined to tumble forward.

The Earth is, as we have seen, a morée
rapid conveyance than omnibuses, carriages,
or trains, If it were to stop suddenly, all
precautions would, without doubt, be una-
vailing to avoid instantaneous death. All
objects which are not implanted and fixed,
in the ground, all which only adhere to the
surface by the law of gravity, would be im-
mediately, and all together, projected into
space with a tremendous velocity—with the
velocity, in fact, of the Earth in its orbit.
Peaceful pedestrians, laborers, and quiet
people, domestic and wild auimals, the birds
of the air, our carriages and machinery—all
would be sent forth at a single bound in the
direction of the movement of the Earth. As
to the ocean, which covers two thirds of the
globe, its liquid mass, rushing over the shores
would submerge in the twinkling of an eye
the islands and continents in its impetuous
course, crowning the edifice of death. Soon
it would reach above the highest mountains,
and would cause our globe to undergo a trans-
formation of surface, such ss the ancient rev-
olutions which have disturbed it have never
equalled. Theorists who occupy themselves
in finding & natural cause for the biblical
deluge have not omitted to bring forward
this powerful one, and to suggest that the
shock of a comet would easily effect this ar-
rest and its sad consequences, We now know
that a comet could pass over the Earth with-
out our perceiving it.

Another very curious fact which would
follow the annihilation of the velocity of the
Earth is this: the centripetal force which
attracts the planets toward the Sun being no
longer counterbalanced by the centrifugal
force, the Earth would fall in a straight line
into the Sun., If there were any other
beings on the globe besides the fishes to see
it, the Sun would be seen to increase visibly,
and to swell out gigantically. The Earth
would reach it sixty-four days after the
shock, and would disappear in its surface as
an aerolite does on the surface of the Earth.

Of course our globe is not an exception to
the general rule ; the same end would happen
to the other planets if they found themselves
in the same case. Thus, if the mosion of
Mercury, Venus, Jupiter, or Saturn were
stopped, these planets would fall into the
Sun—the flrst in fifteen, the second in
forty, the third in seven hundred and sixty-
seven, the last in nineteen hundred days.

But here is another comsequence, still
more curious, which would immediately fol
low from the sudden stopping of the Earth
in its eourse.

It is acknowledged that motion can no
more be annihilated than any atom of mat-
ter ; it may be communicated, divided, or
hidden in a certain quantity of other forces,
but not annihilated. It may—and this is the
important point here—it may be transformed
into heat ; and it is actually so transformed
every time it appears to be lost as motive
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power. Thus you strike a nail, firmly
driven in and immovable, several times : the
movement of the hammer not being com-
municated to the nail, is transformed into
heat--you can easily perceive it by the
touch. It is needless to multiply examples :
every one has proved by experiment this
mechanical transformation of heat.

Now, if by any cause the motion which
animates our globe should be instuntaneously
suspended, this motion would unerdgo this
transformation of which we have spoken.
The Earth would be all at once heated ; and
do we wish to know to what degree? The
quantity of heat engendered by she arrest of
the terrestrial globe due to a colossal shock
would not only suffice to melt the whole
Eertk, but also to convert the greater part of
it to a state of vapor.

This consequence crowns and ahsorbs all
the preceding ones. The Earth would no
longer be a planet ; ita volume and density
would be changed entirely, and what we
have just pointed out as to the inordinate
movement of the bodies on its surface, the
overflowing of the seas, and its fall into the
Suna, would no longer be applicable; all
these consequences suggested by mechanics
would be modified according to the force
which impeded the movement of the Earth.
£f this stoppage were only a progressive
slackening, the accomplishment of which
would require a length of time instead of
being instantaneous, the Earth would still
become hot enough to cause all living beings
on its surface to perish suddenly.

Let us conclude these reflections as we be-
gan them, by stating that the question is
more curious than important ; and that it is
very certuin we may rest in peace without
allowing the slightest trace of imaginury
fears, which might at first sight spring up in
our minds, to trouble us.

1I1.
THE MOON.

THE orb of reverie and mystery, the torch
destined for the lighting-up of our terrestrial
cights, has always been privileged to attract
our sight and occupy our thoughts. Reigu-
ing over the empire of silence and peace, it
seems more mysterious and solitary than any
other ; its white and frosted light also adds
to the first impressions; and it remains in
the mind as representing night itself. In
olden times the ancients named the sover-
eign of the silent nights Diana with the sil-
ver crescent, or Pheebus with the fair hair.

Attached by indissoluble ties by means of
attraction to the Earth from which it is de-
scended, the Moon gravitates round us like
a faithful satellite. At the time of its great-
est brightness, when it is at its phase of full
Moon on rising, it introduces the time of the
appearance of the stars, and perceptily fol-
lowing their course from east to west, it ap-

‘ pears their heavenly guide.

Nevertheless, as it makes the circuit of
our globe from west to east in about twenty-

seven days, it is soon remarked that each
day it falls bebind the stars which it seems
to conduct, and that it possesses a movement
independent to that of the celestial sphere,
Indeed, it is the nearest heaveunly body te
us, and it belongs to u: as a satellite.

Of all bodies, this is the one we understood
the first and best. Since the invention of
the first telescopes—scarcely 250 years ago—
these primitive instruments whose power
was far from attaining the stellar regions,
and could only be. effectually applied to
this nearest y, astronomers, astrologers,
alchemists, an?. ¢31 those who were occupied
with science, 4i (lemselves urged by a
desire to penetrate into the mysteries of this
celestial land. The first observations of
Galileo did not make less noise than the dis-
covery of America; many saw in'them
another discovery of a new world much
more interesting than America, as it was be-
yond the Earth. 1t is one of the most curi-
ous episodes in history, that of the prodi-
gious excitement which was caused by the
unveiling of the world of the Moon. *‘ Ce
n'est que le premier qut coule,”’ says the
vld proverb ; at the time of which I speak,
only the first step in optics had been taken ;
scarcely was it made, but a second was
claimed with avidity, then the third ; and as
science did not advance as quickly as was
desired, as many years passed without the
kingdoms of the Moon and the cities of its
inhabitants being discovered, exalted imagi-
nation without waiting longer took flight to
the new celestial world. Very curious voy-
ages to the Moon ther appeured, astonishing
excursions,unpardonable fancies ; and serious
studies were soon eclipsed by the visions of
impatient minds. Notwithstanding all this,
astronomical discovery rapidly advanced.
Encouraged by the first revelations of the
telescope, astronomers undertook the com-
plete study of the lunar surface. The aspect
of the Moon to the naked eye, that rude face
that was seen with little good-will on its pale
disk, was transformed in the field of the tel-
escope, and at first very bright portions
and very dark portions were alone distin-
guished. Examining it more attentively,
and increasing the magnifying power of the
instrument, it was discovered that the
aspect of the details changed according as
the Sun was on one side or the other of the
Moon ; that on the days when the Sun was
at the left of the bright portion dark lines
were seen to the right, while in the opposite
case, the durk’shadow appeared to the, left.
It was then easy to prove that the bright
portions were mountains, that the dark por-
tions which were close to them were valleys,
or low countries ; and lastly, that the large
plains were lands which reflected the solar
light less perfectly.

It was already known that the phases of
the Moon were produced by the illumination
of the Sun, because when we see entirely the
lighted-up portion of the Moon, at the time
of full Moon, it is when we are between the
Sun and the Moon, and that the side that the
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Sun entirely lights up is turned toward us;
that at the time of the new Moon, the Sun is
behind the Moon, and lights up the side tha
we do not see, and that at the two quarters
we make a right angle with the Moon and
Bun, and can see only one half of the portion
which the.Sun lights up. Observations
made with the telescope confirm this expla-
nation by showing that the path of the
shadows on the surface is opposed to the
direction of the Sun. Later, indeed only a
few years ago, this was again_confirmed by
gpectrum analysis, of which 1 have before
spoken, for, on analyzing the rays sent us
by the Moon, astronomers found indication
of identicully the same elements as in the
light emitted directly by the Sun.

We bave then before our eyes a globe,
opaque like the Earth, lighted like it by the
Bun, and.its surface marked with mountains
and valleys, This was more than wus neces-
sary to incite curiosity. Astronomers then
employed themselves specially with our
neighbor, and planned a geographical, or
more properly, selenographical, map of it,
since, as the reader may know, I'j means the
Earth, while 2éi7vp means the Moon.

As astrological ideas on the physical and
metaphysical, moral or immoral influences
of the Moon were still in full vigor, and man
could not, but with the greatest difficulty,
free himself from error, even when he
wished, which is unfortuuateeg' but seldom
the case, astrologers continued to interpret
the language of the Moon aecording to the
rules of the horoscope, and . astronomers
gave a description which agreed with the
reigning opinions. To the large spots they
gave the name of seas, to the small ones
lakes or marshes ; then they christened the
seas, lakes, marshes, mouutsins, valleys,
gulfs, peninsulas, ete., with names con-
nected with the remembrance of virtues
more or less legitimately attributed to the
orb of night. -Thus there were, and are still
at the present time on the Moon, the Sea of
Plenty, Lake of Dreams, Sea of Serenity,
Marsh of Fogs, Ocean of Tempests, Lake of
Death, Sea of Humors, Marshes of Putrefac-
tion, Peninsula of Reveries, Sea of Tranquil-
lity, ete., etc., and other names which are not
all, as you see by the preceding, in exquisite
taste or of graceful sentiment. When it was
necessary to name the mountains, the first
idea was to name them after the astronomers
whose works had been most useful in the
advancement of our knowledge of the
Moon, and had most brilliantly illustrated
this ornament of space. But a consideration
of prudence deterred Hevelius, the suthor of
the ‘‘ Selenographia,’”’ and one which it will
not take long to guess—he feared to excite
sentiments of jealousy. An astronomer who
did not possess a plot of land here was hon-
ored to receive a small heritage in the lunar
world ; but another, a rich proprietor, was
(as it always happens with people of tlua
kind) very angry not to increase his wealth
b{ some part of the Moon. Then the names
of the mountains of the Earth were giveu.

' There were the Alps, Apennines, Ceipa-

thians, etc.; but the vocabulary of our
mountains was not sufficient, so they re-
turned to the learned men, but ‘o those who
were dead.  Aristotle, Plato, Hipparchus,
Ptolemy, Copernieus, cach had their prop-
erty in the Moon. Certain travellers, like
the author of the ‘‘ Voyage au monde de
Descartes,”’ have found, on visiting these
differcnt lunar countries, that the greut men
whose numes they arbitrarily received,
took possession of them in the course of the
sixteenth century, and there fixed their resi-
dence. These immortal souls, it s.ems, con-
tinued their works and systems inaugurated
on Earth, Thus it is that on Mount Aristo-
tle & real Greek city has risen, peopled with
Peripatetic philosophers, and guarded by
sentinels armed with propositions, antitheses,
and sophisms, the master himself living in
the centre of the town in a magnificent pal-
ace. Thus also in Plato’s circle live souls
continually occupied in the study of the pro-
totype of ideas. Two years ago a fresh
division of lunar property was made, some
astronomers being generously enriched.

‘Without tuking up our time at present
with the inhabitants of the Moon, the souls
of those whose illustrious names have
served to point out the kingdoms of the
Earth, we can continue our narrative by say-
ing that the satisfactory knowledge which
people rapidly acquired of our satellite was
due to its great proximity to the Earth, and
to the facility with which we see all that
passes on its surface. It is indeed so near
to us, that after the. celestial distances to
which we must have familiarized ourselves
in the preceding chupters, the distance which
separates it from us is but trifling. Even to
those whose minds have not visited the
ultra-terrestrial regions, the path from here
to the Moon is not very lung. Navigators
of long service who have made four or five
voyages round the globe have travelled an
equal distance, for in going round the world
the irregularities of the route double the feo-
metric circumference. A body allowed to
fall from the lunar orbit would arrive here
in 8 days 1 hour 45 minutes, and 18
secouds. To go from here to the Moon it
would take rather more time; but if we
availed ourselves of stecam, one could arrive
there in 1co8 than a year. At its minimum
distunce it is cnly twenty-eight times and 8
half the diameter of the Earth, or about 225,-
719 miles. This is really an insignificant
distance. !

It is doubtless this proximity which has
caused the great reputation of the lunar orb
among us. No celestial body, except the
Sun, has ever had a similar influence. The
whole world was accessible to the lunar in-
fluences—men, animuls, plunts, minerals. I
have before stated that the astrological opin-
ions with regard to this body were most sin-
gular. I must quote some to you : they are
really too curious to be passed over in
silence. Let us choose one or two good
astrologers, learned on the Moon, and lot us
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question them. First regarding the general
action of the satellite on the Earth.
Cornelius Agrippa, a famous geomancer,
thus expresses himself: ‘‘The Moon is
called Pheebe, Diana, Lucinus, Proserpine,
Hecute, who govern the months, half-
formed ; who illuminates the nights, wan-
deriug, in silence, with two horns; queen of
divinities, queen of heaven, queen of manes,
who rules over all the eiements, to whom re-
spond the stars, to whom return the seasons,
and whom the elements obey : at whose
direction the thunders sound, the seeds ger-
minate, the germs increase ; the primordial
mother of fruits, heart of Pheebus, shining
and brilliant, carrying light from one planet
1o another, illuminating by her light all the
divinities, stopping various intercourses
with the stars, distributing the light ren-
dered uncertain on account of meetings with
the Sun ; queen of beauty, mistress of shores
and winds, giver of riches, nurse of men,
governor of all states good and unhappy ;
protecting men by sea and land moderating
the reverses of fortune; dispensing with
destiny, nourishing all which comes out of
the Earth, arresting the insults of phantoms,
holding the cloisters of the Earth closed, the
heights of Heaven luminous, the currents of
the sea salutary, and ruling at will the de-
plorable silence of the lower regions, govern-
ing the world, treading Tartarus under foot ;
of whom the majesty causes the birds which
fly in the sky, savage beasts in the moun-
tains, the serpents hidden under the Earth,
and the fish in the sea, to tremble.”’
According to La Martiniére, ““ This lunar
planet is damp of itself ; but, by the radia-
tion of the Sun, is of various temperaments,
as follows : in its first quadrant it is warm
and damp, at which time it is good to let the
blood of sanguine persons ; in its second it
is warm and dry, at which time it is good to
bleed the choleric ; in its third quadrant it
is cold and moist, and phlegmatic people
may be bled ; and in its fourth it is cold and
dry, at which time itis well to bleed the
melancholic. It is a thing quite necessary
to those who meddle with medicine to
understand the movement of this plunet, in
order to discern the causes of sickness.
And as the Moon is often in conjunction with
Sa_tum,.many attribute to it apoplexy, paral-
ysis, epilepsy, jaundice, hydropsy, lethargy,
catapory, catalepsy, colds, convulsions,
trembling of the limbs, etc., etc. I have
noticed that this plauet has such enormous
power over living creatures that children
born at the first quarter of the declining
Moon are more subject to illness, so that
children born when there is no Moon, if they
live, are weak, delicate, and sickly, or are of
little mind, or idiots. Those who are born
under the house of the Moon, which is Can-
cer, are of a phlegmatic disposition.’’
According to Eteilla, the Moon *‘ governs
comedians, butchers, 1allow and wax chan-
dlers, ropemakers, lemonude-venders, pub-
licans, playwrights of all kinds, masters of
great works, menageries of animals ; and, on
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the other hand, professional gamblers, spies,
sharpers, cheats, bankrupts, false money-
coiners, and madhouses ; that is to say, the
Moon rules over all those whose business it
is to work during the night until sun-rising,
or to sell provisions for the night; and it
also rules over all which people would be
ashamed to commit in full day, in sight of
those who have manners. Thus each reader,
on reading, may easily find out of what de-
nomination he is, etc. It is well to mention,
that the Moon also governs all small mer-
chants, who merely distribute imports, ull
usurers, courtiers, horse-dealers, place-
hunters, men without employment, feeding
on clients, and placing by their craft honest
people in peril of losing. . . . Itisnot
without a cause, one would say, with regard
to these accusations that the Moon is so near
us ; if it were as far off as Saturn, it would
not be able to answer to all of them.”’

But intelligent and animated beings alone
were not subjected to these pernicious influ-
ences ; all terrestriul nature, including vege-
tables and minerals, was under its rule.

Cucumbers increase at full Moon, as well
as radishes, turnips, leeks, lilies, - hoise-
radish, saffron, etc.; but onions, on the
contrary, are much larger and better nour-
ished during the decline and old age of the
Moon than at its increase ; and. during its
youth and fulness, which is the reason the
Egyptians abstained from onions, on ac-
count of their antipathy to the Moon. Herbs
gathered while the Moou increuses are of
great efficacy. ‘' If vines are (rimmed at
night when the Moon is in the sign of the
Lion, Sagittarius, the Scorpion, or the Bull,
it will save them from field-rats, moles,
snails, flies, and other animals. Pliny
asserts that awlr sown or transplanted, the
Moon being below the horizon, and gathered
the day that it is new, will have no bad
odor, and will not cause the breath of those
who partake of them to be either offensive
or disagreeable.’’

IV.
THE MOON (CONTINUED.)

ON approaching the Moon, nothing is seen
of the physical causes which make the Eartha
vast laboratory wherein 1 thousaud elements
contend or unite with each other. There
are none of those tumultuous tempests which
sometimes sweep over our inundated plaios ;
none of those hurricanes which descend in
waterspouts to be swallowed up in the depth
of the sea ; no wind blows, no cloud rises to
the heavens. There white trains of cloud
vapors are not seen, nor those leaden masses
with heavy cohorts: the rain never falls;
and neither snow, nor hail, nor any of the
meteorological phenomena ure manifested
there,

But, on the other hand, the magnificent
tints which color our sky at sunrise and twi-
light, the radiation of the heated atmosphere,
are never seen there ; if winds and tempests
never blow, neither is there the balmy breuze
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_ it does to us.
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which descends yipon our coasts. In this
kingdom of sovereign immobility the lightest
zephyr never comes to caress the hill-tops ;
the sky remains eternally asleep in a calm
incomparably more complete than that of our
hottest days when not aleaf moves in the
air. This is because on the surface of this
strange world there is no atmosphere. From
this privation results a state of things diffi-
cult to realize. In the first place, the
absence of air implies also the absence of
water and every liquid, for water and liquids
can only exist under atmospheric pressure :
if this pressure is taken away they evap-
orate, and their beds are dried up. Thus,
for instance, if you place a vessel filled
with water under the receiver of an air-
pump, snd then, by pumping out the air,
which i8 in the receiver, you make a
vacuum, you will soon see the water boil,
even when the place where the experiment
takes place is frozen with the most intense
cold. The boiling disengages vapors, and,
finally, the water is evaporated. Now let us
suppose that, at a certain period of its past
existence, the Moon had, like the Earth, seas
and rivers, and that by the aid of any appa-
ratus, its seas and rivers were made to boil
and to fall into vapor again ; by continuin
this operation long enough the Moon woul
be made completely dry : this is precisely
what has bappened. Since the distant period
of its formation in a fluid state, it has lost all
its liquids and vapors, and now a linnet
would die of thirst in the midst of the seas of
the Moon. - These seas do not contain a drop
of water. 'These, it will be said, are singular
seas, And, indeed, no one will hold that their
title is logical. But we have seen that they

were named at a time when people did not

know the lunar surface sufficiently well to
guess that it existed without air and water.
From the absence of air follows another very
curious fact—the absence of sky. On the
surface of the Moon, when the looks are
directed toward the sky, there is none to be
seen. An immensity without depth is
traversed by the sight without resting on any
kind of form, and in the day as in the night
are seen the stars, planets, comets, and all
the bodies of our universe. The Sun passes
among them without extinguishing them, as
Not only does the Moon not
possess this ?erpetual diversity which the
movements of the air produce on our world,
but it has not the azure vault which covers
the Earth with such s magnificent dome ;
space is a black and a perpetually black
abyss. v

hile on high there reigns darkness, be-
low there is silence. Not the least sound is
ever heard ; the sigh of the wind in the
woods, the rustling of foliage, the song of
the morning lark, or the sweet warbling of
the nightingale never awakens the eternally
dumb echoes of this world. No voice, no
-ppeech has ever disturbed the intense soli-
tude with which it is overspread. Un-
chungeable silence reigns there in sovereign-
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ty. Tall g;rpendicular mountains divide its
surface. Here and there are seen worn-out
craters rising toward the sky, white rocks
heaped up like the ruins of some long-passed
revolution, crevusses crossing the surface as
in lands dried by the burning rays of long
summer days. That which renders the spec-
tacle more strange is that the absence of
vapors causes the absence of perspective as
well as the absence of all tints, and we see
only white or black according as the object
is in the Sun’s light or in shadow, the ob-
jects succeeding each other as far as the ho-
rizon without losing brightness or contour.
In the vicinity of the SBouthern pole, that is
to say, at the lower part of the Moon as seen
wit the naked eye, are the highest moun-
tuing of the satellite : Doerfel, whose top at-
tains a height of 26,691 feet above the level
of the neighboring plain ; Casatus and Cur-
tiug, 7600 and 7318 yards ; Newton, 23,853
feet in depth ; this word depth may justly be
yuestioned when it refers to the elevation of
a mountain ; but the Moon is such & singular
world that its mountains may be messured
as well by depth as height. This paradox,
rather difficult to understand, arises from the
fact that the mountains of the Moon are not
like tbose of the Earth, but are hollow.
When we arrive at the top there is a ring, the
interior of which often descends below the
surrounding pluin : so that if one did not
wish to make the round of the slopes which
sometimes measures 310 miles (Ptolemy), and
even 403 miles in circumference (like the cir-
cle of Clavius), it would be necessary to de-
scend three or four miles to cross the bottom
of the crater, and afterward to ascend on the
opposite side of the ring, to return at last into
the plain. y

Among the anpular mountains may be
mentioned that of Acristillus, situated in the
Sea of Rains, not fur from the Caucasus,
between the Marshes of Fogs and Putrefac-
tion. Itis a curious fact that the surface of
the lunar hemisphere was known before that
of vur own Earth, and the heights of all its
mountains were measured before the same
thing wus done for our own. The volcane
of Aristillus in particular was one of the first
and best known. Lecouturier, the suthor
of a very good map of the Moon gave a long
description of it, and this description may
be applied to most of the lunar mountains.
1t is composed of a crater about twenty-four
miles across, from the centre of which rise
two cones, the highest of which attains
nearly 984 yards; the whole is surrounded
by a circular rampart, the highest part being
8608 yards high. When the bottom of the
crater is examined with a powerful tele-
scope and under favorable circumstances,
numerous rough portions are noticed which
seem to indicate hardened lava and blocks of
rock heaped together. From this mountain,
taken as u centre, start five or six lines and
rocky ramifications directed toward the east
and south. These ramifications give rise to
the radiation of Aristilus. They are sur-
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mounted by an enormous quantity of peaks
or basaltic columns which rise from their
sumumits, and make them resemble from afar
the multitude of bell towers that are seen on
some Gothic cathedrals. Aristillus presents
the general aspect of most of the mountainsg
of our satellite. X

Thus the Moon would appear very inhos-
pitable to us. The sense of speech, like the
gense of hearing, would be lost, and, conse-
quently, would not exist. To the privation
of these two senses, perhaps, must be added
an inferiority in the pleasures which sight
gives to us, seeing that, wherever the eye
would be directed, it would only meet with
white, rugged and sterile mountains, and
lofty and deserted craters. These solitary
and dried-up landsca show how true
were the lines of Alfred de Musset :

* Va, Lune moribonde,
beau corps de Phaebé
La blonde
Dans 1a mer est trombé

Tu n'en es que la face,
Bt, déja tout ridé,

effa
Ton front déposséds.””

This reminds me of what Fontenelle said
regarding the changes at work on the sur-
face of our satellite, caused, not by the move-
ments of life, like those which regulate ter-
restrial nature, but by the simple falling
down of lands. ‘‘ Everything is in perpet-
ual motion,” he says; ‘‘even including a
certain young lady, who was seen in the
Moon with a telescope about forty years ago,
everything has considerably aged. She had
a pretty good face, but her cheeks are now
sunken, her nose is lengthened, her forehead
and chin are now prominent to such an ex-
tent that all her charms have vanished, and
1 fear for her days.”

‘“ What are you relating to me now ’ in-
terrupted the marchioness.

‘“'This is no jest,”” returned the author.
* Astronomers perceived in the Moon a par-
ticular figure which had the aspect of a
woman’s head, which came forth from bs-
tween the rocks, and then occurred some
changes in this region. Some pieces of
mountain fell, and disclosed three points
which could only serve to compose a fore-
head, a nose, and an old woman'’s chin.”” I
do not know whether the face, of which the
ingenious writer speaks, existed anywhere
but in his imagination ; but changes, even
caused by simple fallings, are extremely
rare, if even they ure still produced. For a
hundred years, for instance, during which
Eenod a day has not elapsed in which the

foun has been visible, without it being ob-
served by the telescupe, the slightest move-
ment has never been noticed. At the com-
mencement of the century, it is true, people
fancied they vbserved active volcanoes, hut
they have since discovered that very proba-
bly what were then taken for volcanoes were
nothing more than the white crests of certain
mountains, their form or their structure
being more fuvorably adapted to reflect light.
Thus the orb of night remains dumb and

.
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silent, revolving in the heavens like a de-
serted planet.

Now that I have pointed out how the
Moon is an inhospitable world, poor and des-
titute of nature’s gifts, it is necessary to re-
trace my steps, and show it to you as a mag-
nificent world, worthy our admiration and
esteem. I do not wish to contradict my fore-
going words ; but in order not to leave a bad
unpression with regard to our faithful
friend, 1 wish to remind you that nature,
even when it appears to disgrace some of its
works from some points of view, favors
them with very desirable riches when
regarded under other aspects.

o an astronomer the Moon would be a
magnificent observatory. In the daytime
he could observe the stars at noon, and thus
discover, without trouble, that they reside
eternally in the heavens. With us, on the
contrary, among the ancients, were a great
number who imagined that they were lighted
up in the evening and extinguished in the
morning. If, then, people make astronomi-
cal observations on the Moon, the Sun is not
a tyrant who governs the heavens absolutely ;
it allows the stars to be enthroned peaceably
with it in space ; and studies commenced
during the night can be carried on without
difficulty during the day until the following
night. On our satellite the nights are fifteen
times 24 hours loni, and the days are of the
same length ; but there is an essential differ-
ence to remark between the nights of the
lunar hemisphere, which faces us, and those
of the hemisphere which we do not see,

You must have noticed that the Moon
always presents the same side to us. From
the beginning of the world it has never
shown but this side. We read in Plutarch,
who wrote nearly two thousand years ago, &
thousand conjectures relative to the side of
the Moon forever turned toward us. Some
said it was a large mirror, well polished and
excellent, which sent back from afar the
image of the Earth: the dark portions
represented the oceans and seas, while the
bright portions represented the continents.:
Others believed that the spots were forests,
where some placed the hunts of Diana, and
that the most brilliant parts were the plains.
Others, again, saw in it a very light, celestial
Earth ; they stated that its inhabitants must
pity the Earth which is below them, and
which is only a mass of mud., Others,
aguain, and their singular opinion was widely
spread, added that the beings who peopled it
were fifteen times larger than those of our
Earth, and by the side of the lunar trees our
oaks would only be small bushes. All this
to explain the nature of the lupar face eter-
nally turned toward us.

N%w, if we never see but one side of the
Moon, it follows that there is only one side
of this body which wees us; so that half of
the Moon has a moon—namely, our Earth—
und the other half is deprived of one. If
there are any inhabitants on the hemisphere
turned from us, they do not guess that the
Moon is only a body placed for the illumina-



THE WONDERS OF THE HEAVENS.

tion of our nights, and they must be greatly
astonished when the narratives of travellers
relate to them the existence of our Earth in
the heavens. 1f the travellers there resemble
those here, what tales must they spread with
regard to us| But, alsv, how useful muat
the Earth be to'the lunar nights, and how
beautiful we are—from afar! Fancy to
yourself fourteen moons like that which
gives us light, or, mure properly speaking, a
moon with fourteen times the extent of sur-
face, und you will have an idea of the Earth
#3 seen from the Moon. Sometimes it only
presents a fringed crescent, & few days after
the new Earth ; sometimes it presents the
first quarter ; sometimes it shines out with
its full disk, spreading its silvered light in
fluods. The most fortunate thing is, that it
begins to shine precisely in the evening, that
its brightest light, its full disk, is precisely at
midnight, and that it fades away in the
morning, at the time when it is no longer re-
quired. And it is known that from the
evening to the morning is fifteen times
twenty-four hours with our neighbors the
Seclenites. How much more reasonable are
these inhabitants than we are in believing
that the Moon was created and placed in the
woild expiessly for them, and that we are
only their very humble servants !

In some aspects, then, the Moon appears
much more favored than the Earth. But
not in planetary importance, for it measures
scarcely the quarter the diameter of the
Earth, 2,153 miles ; its total surface is 14,-
568,000 square miles, including both hemi-
spheres, that is to say, nearly the thirteenth
part of the terrestrial surface ; its volume is
one forty-ninth of the volume of the terres-
trial globe. This would probubly not pre-

- vent its inhabitants (if there are any) from
fancying themselves superior to us, and be-
lieving us to be their servants rather than
their masters ; for it is generally known
that the smaller people are, the more vanit;
they possess. The inhabitants of the invisi-
ble hemisphere have the most beautiful
nights imaginable, and those who live on the

° visible hemispliere one of the most beautiful

moons. Only the inhabitants of the first
moons of Jupiter and Saturn would be able
to claim the superiority of their respective
planets. Never any clouds, never any tem-
pests, come to disturb these lonely and silent
nights ; profound calm, unalterable peace,
occupy these regions. Moreover, while we
only know a portion of their world, ours,
turning on its axis in twenty-four hours, is
entirely unveiled to them, so that with good
eyes or with optical instruments they are
able to contemplate our Earth revolving over
their heads, presenting to them in turn the
different countries of our abode. There,
the new world stained with cruel battles ;
further on, gloomy isles, where they sacri-
fice human heads to the serpent Vaudoux ;
here, Russia crushing Poland, who resists
strongly ; and to the left u small verdant
8pot, where thirty-eight millions of French
regurd in various ways a throne which rises
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up in the midst of a great city. And our-
selves, we contemplate the pensive Moon in
the stillness of night, hoping that its people
and those of other worlds are more united
than our family. Yes, beloved light of the
solitary nights, we think that nature has
given thee some compensation for the things
of which thou art deprived, and that the
unknown riches of thy abode would
strangely surprise those who for thee would
escape from our world. We have seen that
thou hast no air, and that thou hast not a
drop of water to quench thy thirst ; but that
does not prevent us from returning to our
old sympathy for thy beauty. If thou hast
not the elements which suit us, if water and
land, air and fire, do not reside in thy midst,
thy nature is different, and thou art not less
complete in thy creation.

Remain in the heavens of our reveries,
renew those phases which form our months,
pour out thy dew of light into the limpid
air ; the traveller will alwuys love to choose
thee as his guide in the midnight hours, in
the paths of the sea, or in desert countries.

V.

ECLIPSES.

IN the circle which it describes round the
Earth, the Moon passes every fifteen days
between the Sun and us—aut the time of new

-moon—and ever{ fifteen days it is on the

opposite side of the Sun (the Earth being be-
tween it and the Sun) ; this is at the time of
fullmoon. Now it happens, sometimes, that
it passes exactly between us and the Sun, in-
stead of passing a little above or below it, as
it does in most cuses. When this occurs,
the light of the radiant body naturally finds
itself stopped, in part or altogether, accord-
ing as the lunar disk hides frum us a part or
the whole of the solar disk. There is, then,
un eclipse of the Sun, either partial or total.
On the other hand, it happens sometimes
that the Moon, passing behind the Eurth,
arrives just in the shadow whieh the Earth
throws behind it, as every illuminated object
does, When it is in this shadow it no longer
receives the light of the Sun, and, as it only
shines by this light, it loses its brightness. Its
whole disk completely loses ‘ts light if it is
wholly within the cone of the Earth’s
shadow ; it remains half illuminated if, pass-
ing by the edge of the cone, it only half
enters it. In these circumstances there is an
eclipse of the Moon, either total or partial.
Nothing, therefore, is so simple as an eclipse.
When you have a lamp with a radiant globe
before you, if you pass your hand before
{our eyes, you momentarily intercept the
ight which illumines you; to you it is an
eclipse of the lamp by your hand. The same
thing is produced when there happens on
the Eaith an eclipse of the Sun by the Moon.
If, now, you turn round, leaving the lamp
behind you, and again pass your illuminated
hand before your face, it will be momenta-
rily in the shadow of your body. This gives
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an idea of what happens in an eclipse of the
Moon, when it passes into the shadow of the
Earth.

If the movements of the Moon were per-
formed exactly in a plane, the prolongation
of which passed through the Sun and Eurth,
there would be an eclipse of the Sun every
new moon, and an eclipse of the Moon every
full moon. But the orbit in which the Moon
moves is inclined a little to this plane, and
oscillates from one side to the other, so that
eclipses are very variable in their number
and magnitude. Nevertheless, this variety
has its limits., There cannot be less than two
eclipses a year, and not more than seven.
When there are only two, they are both
eclipses of the Moon. These phenomena
return nearly in the same order at the end of
eighteen years and ten days ; a period known
to the Greeks under the name of the Metonic
Cycle, and which the Chinese themselves
used more than three thousand years ago, to
predict their eclipses.

However simple the cause of this phe-
nomenon may be, now that it is known—and
knowh causes are always so simple that
one asks why they were never known
before—however easy this explanation ap-
pears, for a long time the humun race was
astonished at the passing absence of tlie Sun’s
light during the day ; for a long time it felt
full of fear and disquietude before this un-
explained wonder. The light of duy was
rapidly diminished, and suddenly disap-
peared without the sky being darkened by
any cloud. Darkness instead of light, stars
shining in the sky, nature seeming surprised
and astonished ; the combination of these
unusual events is more than sufficient to ex-
plain the momentary terror with which indi-
viduals, and, indeed, whole nations, allowed
themselves to be carricd away in these
solemn moments, By reason of the Moon’s
rapid motion, a total eclipse never lasts long-
er than five minutes ; but this short period
is sufficient to allow a thousand sentiments to
succeed each other in the terrified mind.
The disappearance of the light of the Moon
sometimes caused great trouble to ignorant
minds ; with how much more reason would
the disappearance of the orb of day cause in-
quietude and fear !

‘‘ History is full of the examples of fear
caused by eclipses,’”’ says Franceeur, ‘ and
dangers caused through ignorance and su-

erstition.”” Nicias had resolved to leave

icily with his army ; but, frightened by an
eclipse of the Moon, and wishing to delay
several days, to assure himself if our satellite
had lost nothing after this event, he missed
the opportunity of retreat: his army was
destroyed, he himself perished, and this mis-
fortune commenced the ruin of Athens.

Often it has been seen that clever men
have taken advantage of people’s terror dur-
ing eclipses, either of the Sun or the Moon,
to gain their wishes. Christopher Colum-
bus, reduced to sustaining his soldiers on the
voluntary gifts of a suvage and poor nation,
and nearly losing this resource and perishing
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with hunger, gave out that he was about to
deprive the world of the Moon’s light. The
eclipse began, terror seized the Indians, and
they returned, bringing to the feet of Colum-
bus the accustomed tribute. :

Drusus appeased a sedition in his army b
predicting an eclipse of the Moon ; and, ac-
cording to Livy, Sulpitius Gallus, in the
war of Paulus Emilius against Perseus, used
the same stratagem. Pericles, Agathocles,
King of Syracuse, and Dionysius, King of
Sicily, nearly fell victims to the ignorance of
their soldiers, Alexander, near Arbella, was
obliged to use all his skill to calm the terror
that an eclipse had cast ~ver his troops.
Thus it is that superior men, rather than sink
under the circumstances which oppress them,
exert their art to turn them to their profit.

How muny fables were built on the idea
that eclipses were the effect of Divine wrath,
which avenged the iniquities of man by de-
priving him of light! Sometimes Diana
sought Endyinion in the mountains of Caria ;
sometimes the magicians of Thessaly caused
the Moon to fall on the herbs destined for
enchantment.

Now it is a dragon which devours the Sun,
and whole nations seek to frighten it away
by cries ; or it is supposed that God holds
the Sun inclosed in a tube, and hides or
shows us the light by means of a shutter,
etc. The progress of science has proved the
absurdity of these opinions and fears, since
it is known to be possible to calculate by as-
tronomical tables, and to predict a long time
beforehand, the instant when the wrath of
Heaven will burst forth. Nevertheless, not
Jong ago this terror caused misfortunes in
the army of Louis XI1V. near Barcelona, at
the time of the total eclipse of 1706 ; and the
device of this monarch, Nec pluribus impar,
has given rise to injurious allusions,

Biot gives us, in his ‘‘ Etudes sur I’ Astron-
omie Indienne et Chinoise,’”’ very curious
details on the rites which presided and which
still preside over the observation of the
eclipses in the Celestial Empire. The em-
peror is considered to be the son of Heaven ;
and with this title his government ought to
present the picture of the immutable order
which governs the celestial movements.
When the two great luminaries—the Sun and
the Moon—instead of following their own
routes separately, cross each other’s paths,
the regularity of the order of the heavens ap-
pears to be upset, and the disturbance which
is there manifested must have its likeness,
as well as the cuuse, in the disorders of the
government of the emperor. An eclipse of
the Sun was then considered as a warning
given by Heaven to the emperor to examine
his faults and correct them. When this
phenomenon was announced beforehand by
the appointed astronomer, the emperor and
§randees of his court prepared themselves by

asting, and dressing themselves in garments
of the greatest simplicity. On the appointed
day the mandarins attended at the palace
with bows and arrows. When the eclipse
commenced, the emperor himself beat on the
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drum of thunder the ‘‘roulement du pro-
dige,”” to give the alarm ; and at the same
time the mandarins let fly their arrows tow-
ard the sky to aid the eclipsed body. Gau-
bil quotes these particulars from the ancient
Book of Rites, and the principles are an-
nounced in. the Tcheou-li. After this, the
discontent that would be caused by an eclipse
not taking place at the time predicted may be
imagined ; and likewise if one suddenly ap-
peared without being predicted. In the first
case, the whole ceremonial was found to have
been uselessly prepared ; and the desperate
efforts which, in consequence of the want of
preparation, were made in the second case,
inevitably produced a disorderly scene com-
promising to the imperial majesty. Such
errors, although so easily made, placed the
poor astronomers in danger of losing their
gouds, their office, their honor, and some-
times their life. Such a disgrace happened
in the year 721 of our era: the Emperor
Hiouen-Tsong sent for a bonze Chinese,
called Y-Hang, renowned for his knowledge
of astronomy. After having shown himself
very learned, he had the misfortune to pre-
diet two eclipses of the Sun, which were or-
dered to be observed throughout the whole
empire. But no one saw anywhere on the
appuinted days any trace of au eclipse, al-
though the sky was almost everywhere se-
rene. To clear himself he publistied a work,
in which he pretended that his calculation
was exact, but that Heaven had chaoged its
rules of movement—doubtless in considera-
tion of the high virtues of the emperor.
Thanks to his reputation, otherwise de-
served—(fverhaps, also, to his flattery—he was
pardoned.

The same ideas on the importance and
signification of the Moon and Sun which
existed with the Chinese more than four
thousand years ago, remain at the present
day, and are still powerful, cuusing the same
demands ; but they have become less peril-
ous for astronomers, as these phenomens are
now predicted several years in advance, with
a mathematical certainty, in the great ephe-
merides of Europe and America, which can
easily ‘be procured. M. Stanislas Julien
found in the Recueil des Lois de Chine the
complete description of the ceremonies still
prescribed and practised at the present day
on this occasion. The following is a speci-
men :

‘Every time that an cclipee of the sun occnrs
pieces of silk are attached to the door of the minister
of Lhe rites, called I-men ; and in the great hall they
place a table to burn the perfumee at the top of the
tower called Lou-thal (tower of the Dew). The im-
Perla] guard places twenty-four drums on both sides,
nside the door I-men; the Kiaofan.sie places mu-
siclane at the base of the tower Lou-thal ; he places
also each magistrate in a part of the tower, at the spat
where they must bow down to salute. All are turned
toward the sun. When the president of astronomy
has announced that the eclipte has begun, all the
magistrates, in court garments, arrange themselves
and stand up. At a given signal they fall on their
knees, and then the music begins,

‘‘ Each magistrate makes three prostratione and nine
bows, after which the music stops. When the magis-
trates of the tribunal of the rites have finished offer-_

ing the perfumes, all the otheis kncel down. The
Kiaosse-Koran advances witha drum, which he strikes
to release the snn. The presldent of the ministry of
rites gives three beate of his drum, and then they all
skrike theirs together. When the president of the as-
tronomical office has announced that the sun has re-
covered its circular form, the drums stop, Each magie-
trate kneels three times, and touches his head nine
times on the earth, The music recommences ; when
these ceremonies are over, the mnsic stops ; then all
the magistrates return each to his own side.

‘* When the moon Is eclipsed they assemble in the
office of the T'al-tch’ang (president of the ceremonies)
and they observe the same rites for the deliverance of
the moon as for the sun,” -

In civilized countries people no longer fear
the arrival of eclipses, or think that eternal
night is spreading over the Earth. It is
known that these are celestial phenomena,
studied and understood like many others, re:
sulting from known movements and deter-
mined beforehand. They have entirely lost
their supernatural character, and belong to a
purely physical order of things., At the pres-
ent time astronomers predict the eclipses of:
the Sun and Moon in the same manner as
they have discovered past eclipses, by calcu-
lation, and have thus been able to assign
more exactly certain dates in history. They
know at what time the Moon will pass before
the Sun, and will rob us of a portion, more
or less great, of itslight ; and the proof is,
that I can even now (in 1865) give you the
times at which all the eclipses which will hap-
pen to the end of this century will aceur. 1
will not give the list, and cover these pages
with dates, but to convince yon I will point
out the total eclipses of the Sun, which will
be visible at the places indicated until the
year 1900. They are not numercus, as you
see.

December 22, 1870, a total eclipse of the
Sun at the Azores Islands, in the south of
Spain and Italy, in Algeria and Turkey ;
August 19, 1889, a total eclipse of the Sun at
the north-east of Spain, southern Russia, and
central Asia ; August 9, 1896, a total eclipse
of the Sun in Siberia, Lapland, and Green-
lund ; lastly, May 28, 1900 a total eclipse in
the United States, Spain, Algeria, and Egypt.

1 do not doubt but you will be a witness
with e at the last one, and will thus be in a

osition to prove the truth of this prediction.
%nfurtunutely, not one of them will be visi-
ble at London ; but if our inventions with
steam and electricity continue, and others
come to their aid, the Earth will soon be but
one country, and we shall travel from here
to Pekin, as we did last century from Paris
to St. Cloud.

1n stating that the eclipses of the Sun and
Moon are no longer a terror to us. I do not
mean that they no longer make auy impres-
sion. No ; the sudden impressions caused
by the spectacle of the rarest pheuomena of
nature are independent of our reflection, and
the sudden absence of the solar light in the
middle of the day produces in all beings an
emotion from which they camnot free them-
selves. The narrative of the effect produced
by eclipses on man, and even on animals, is
too interesting not to be presented to you in
concluding this chapter. I shall choose 13
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narrator an eye-witness of the total eclipse of
July, 1842, whose talent is too well known
for it to be praised ; I refer to Arago, who
thus gives us his impressions, enriched with
other proofs, to which he attributes such
high value as to place them with his own.
(See “ Popular Astronomy,”” Vol. IIL.)

“ iceioli relates, ‘that during the total
eclipse of 1415 birds were seen in Bohemia to
fall down dead with fright.” The same is
said relative to the eclipse of 1560 ; some eye-
witnesses say, ‘ The birds, strange to say,
fell to the ground, seized with fear.” In
1706, at Montpellier, the observer said, ‘ Bats
flitted about as at the beginning of night.
Fowls and pigeons ran precipitately to their
roosts. The small birds that had been singing
in their cuges became silent, and put their
heads under their wings. The animals em-
ployed in the labors of the field all at once
halted.”

‘“The alarm occasioned among beasts of
burden by the sudden transition from day to
night is registered also in Louville’s memoir
relative to the eclipse of 1715, thus : ‘ Horses
that were laboring or employed on the high
roads lay down. They refused to advance.’

‘‘ Fontenelle relates that in the year 1654,
at the mere announcement of a total eclipse,
a multitude of the inhabitants of Paris hid
themselves in deep cellars.

‘““Thanks to the progress of science, the
tutal eclipse of 1842 found the publicin a very
different disposition from that which the
manifested during the eclipse of 1654.
lively and legitimate curiosity had taken the
place of puerile fears. The poorest villagers
of the Alps and Pyrenees repaired in crowds
to the places whence the phenomenon could
be best seen ; they did not doubt, with some
rare exceptions, that the eclipse had been
correctly aunnounced : they regarded it as a
natural, regular, and calculable event, about
which good sense taught them not to be
uneasy. -

‘“ At Perpignan, only persons who were
confined to their chambers by ill-health
remained at home. Early in the inorning
the terraces, the ramparts of the town, the
hills outside, whence the sunrise could be
bust seen, were crowded. In the citadel, be-
side the numerous groups of citizens seated
on the glacis, we had beneath us al) the scl-
diers collected in a vast square to be review-
ed. The time for the commencement of the
eclipse was approaching. Nearly ‘twenty
thousand pevple, with smoked glasses in
their hands, were examining the radiant orb
projected on the azure sky. We had
scarcely, though provided with powerful tel-
escopes, begun to perceive a slight indenta-
tion in the Sun’s western limb, when an im-
mense shout, the commingling of twenty
thousand different voices, proved that we
had only anticipated by a few seconds the
naked-eye observation of twenty thowsand
astronomers equipped for the occasion, and
exulting in this their first trial. A curiosity,
animated by the desire of not being outdone,

seemed to have inspired the natural sight .
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with an unusual degree of penetration and
power.

‘“ Between this time and that which just
receded the entire disappearance of the
un, we did not remark anything in the

countenances of the spectators deserving of
mention. But when the Sun, being reduced
to a narrow fiiament, began to throw only a
faint light on our horizon, a sort of uneasi-
ness took possession of themind, each person
felt an urgent desire to communicate his
emotions to those around him. Then fol-
lowed a hollow moan resembling that of a
distant sea after a storm, which increased as
the slender crescent diminished. At last the
crescent disappeared, darkuess instantly fol-
lowed, and this phase of the eclipse was
marked by absolute silence, as distinctly as
it was by the pendulum of the astronomical
clock. The magnificence of the phenome-
non had triumphed over the petulance of
youth, over the levity affected by some of
the spectators as indicative of mental sfpe-
riority, over the noisy indifference usually
professed by soldiers. A profound calm also
reigned throughout the air; the birds had
ceased to sing. O

‘“ After a solemn expectation for two min-
utes, transports of joy and frenzied applause
spontaneously 2nd unanimously saluted the
return of the solar rays. The sadness pro
duced by feelings of an undefinable nature
was now succeeded by a lively satisfaction,
which no one attemnpted to moderzr er con-
ceal. For the majority of the public th® phe-
nomenon had come to a close. The -
ing phases of the eclipse had no any
attentive spectators beyond thosc ywoted to
the study of astronomy.

‘“Even those who appeared (» @ most
deeply moved at the instant of the sudden
disappearance of the Sun, amused them-
selves the very next day, and to my mind
unreasunubly, with recoumting the state of
alarm into which many ccuntry people had
been thrown. Such peuple, at any rate,
made no secret of their feelings. As for my-
self, 1 thought it very natural that illiterate
persons, who bad not been informed by any-
body that an eclipse would occur on the
‘morning of the 8th of July, should feel great
uneasiness on seeing utter darkness so in-
stantly follow daylight. Let it nut be sup-
posed that the idea of a convulsion of
nature, the idea that the world was immedi-
ately coming to an end, is what would must
generally disturb the minds of a rude and
simple people. When 1 questioned them as
to the true cause of the despair which had
taken possession of them on the 8th of July,
they immediately replied, ‘‘ The sky was
serene, and yet the light of day diminished,
und every object grew shadowy, and then all
at once we were in the dark. We thought
that we had become blind.”’

We extract from the Journal des Basses
Alpes, of July 9, 1842, the following anec-
dote, which seems.to me to be worthy of
preservation :

¢ A poor child in the commaune of Siéges was watcn-
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ing his flock, entirely iguorant of the approaching
event ; he became uneasy on seeing the sun gradualiy
become dark ; for no cloud, no vapor, accounted for
the change, ‘Whe the ligﬁt sud eniy disappeared,
the poor child, overcome with fright, took to crying
and called for heipl His tears were still failing when
the son again sent forth a ray of light. Reassured by
the commencement, the boy crossed his hands, ex-
ciaiming in the pafois of the district,*O beantiful
sun !’ (O beou souleoul)

Arago afterward points out several curi-
ous facts on the influence of eclipses on an-
imals : 4

¢ An inhabitant of Perpignan purpoee!xy kept his
dog without food from the evening of the Tthof July.
The next morning, at the instant wheu the tutal eclipse
was going to take place, he threw & piece of bread to
the poor animali, which had begun to devour it when
the sun's last rays disappeared, Instantly the dog let
the bread fail, nor did he take it up again for two
minates, that is, until the total obscuration had ceased,
and then he ate it with great avidity.

** Another dog sought reflge between his master’s
legs when the sun became eclipsed. In & farm, some
fowis at the inatant of total “obacuration, suc\den!x
left the millet that had just been given them, an
sought refuge in & stable, At the Mas de 1’Asparron,
the fowls belng far from any habitatlon, went and
grouped themselves under a horae's belly, A hen at-
tended by a brood of chickens hastily called them to
her, and covered them with her wings. Some ducks
which were swimmlng abont in & pool at the instant
of the sun’s disa%pearance did not attempt to regain
the farm which they had ieft two hours before, but
huddied together In a corner.

** At La Tour, chlet town of the canton, in the East-
ern Pyrcnees, ai: inhabitant had turee hen llnuets.
©n the 8th of July, very early in the morning, on
hanging the cage up in the drawing-room, he remark-
ed tuat the birds looked very well ; after the eclipse
one of them was found to be dead. Are we to su

pose that the linnet in its fright hit itself violently.

against the bars of the e? Some racts observed
e hs]ewnere tended to render this supposition prob-
shle.”

Even insects did not escape 4 like impres-
slon.

M. Lentherie, professor at Montpellier,
480 gave some details concerning the effects
A the total eclipse upon several species of
fimals. The bats, thinking night had
some, quitted their retreats ; an owl came
out of St. Peter’s tower, and flew across the
equare of the Peyrou ; the swallows disap-
peared ; the fowls went to roost ; some oxen
who were feeding freely near the church of
Maguelonne arranged themselves in a circle
with their backs toward each other, and their
horns outward, as it to resist an attack.
. Some observers at Cremona say that an
immense number of birds fell to the ground ;
and M. Zamboni, the author of tho ** Piles
Seches,” is quoted as having seen a sparrow
fall beside him. M. Piola, who wase under &
tree near Lodi, remarked that the birds
ceased tossing during the moments of dark
ness, but none fell.

In a narrutive that Father Zantedeschi ud-
dressed to Arago from Venice he sald that

‘' Some virds wishing to escape and not being able
to see, knocked up against the chimneys and the walls
with such violence as to fall down stupefied on the
roofs, in the sureets, and into the lagoons. Amon,
the birds that met with these accidents may be speci-
fled some gwallows and a pigeon. Other swallows
were seized in the streets, their fright having scarcely
left them the power of fluttering.

‘*‘Some bees which had left their hive in great num-
bers at snnrixe, returned to it even before the instant
of total darkness ; and they waited till the sun had

entirely resnmed ita brightness before they ventored
forth again.”

b

These narratives give a sufficient idea of
the effect produced by unusual phenomei.s
on tne facypies of men and animals. The
necessity of order is so deeply attached to
creation thut an appearance of trouble
throws us out of our mev=al security, and
fills us with fear, .

BOOK FIFTBL
I
THE PLURALITY OF INHABITED WORLSE

THE astronomical truths which have beats
the subject of our conversation, doubtless
prove the high character of the human mime
which aspires to them, and which, scrutinis
ing the organized laws of the universe, et
been able to determine the causes which rem
ulate the harmony of the cosmos and secut®
its perpetuity. No doubt, it is good for
man, this spiritual atom inhabiting a mate-
rial atom, to have penetrated the mysteries of
creation, and to have been exalted to the
knowledge of these sublime heights, the con-
templation of which alone overwhelms ana
annihilates him, But if the universe re-
mains to manonly a great material mechan-
ism, moved by physical forces, if nature is
nothing in his eyes but a gigantic laboratory,
where the elements sre mingled blindly un-
der the most various und casual forms; in a
word, if this admirable and magnificent
science of the heavens confines the efforts of
the human mind eternally to the geometry
of the -heavenly bodies, the science would
never attain its real end, and it would stop
ut the moment of reapiug the fruit of its im-
mense labors. It would remain supremely
incomplete if the universe were never any-
thing to it but an assemblage of inert bodies
floating in space under the actiou of material
forces.

The philosopher must go farther. He
must not confine himself to seeing under a
more or less distinet form the great body of
nature. But, stretching forth the hand, he
must feel, under she material envelope, the
life which circulates in Mreat waves. God’s
empire is not the empite &f death ; it is the
emplire of life.

e live 0@ & world whica 1s no exception
among the heavenly bodies, and which has
not received the least privilege, It is the
third of the plunew which revolve round the
Bun and one of the amallest among them
without going beyond our system, othes
planets are much more important than it}
Jugit.er, for instance, is 1414 times greater,
and Saturn 784 times. While it appears to
us the most important of the universe, it is
in reality lost in the immensity of the worlds
which people the heavens, and the whole cre-
ation does not guess at its existence.

Of the planets of our own system there
ure only four, the inhabitants of which can
know that the Earth exists; these are, Mer-
cury, Venus, Mars, and Jupiter ; und even
to this last one it is most of the time invisi-
ble in the solar aurcola. Now, while the
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Farth 1s thus lost amid worlds more impor-
taut than itself, the other worlds are in the
same conditions of habitability as those that
we observe on the Earth, On these planets,
as on our own, the %enerous rays of the Sun
pour forth heat and light ; on them, as here,
years, months, and days succeed each other,
drawing with them the seasons which, from
time to time, support the conditions of exist-
ence ; on them as here, a transparent atmos-
phere envelopes the inhabited surface with a
protecting climate, gives rise to meteoric
movements, and develops those ravishing
beauties which celebrate sunrise and sunset.
On them us here, vaporous clouds rise from
the ocean with the deep waves, and spread-
ing themselves under the heaven, carry dew
to the parched-up regions. This great move-
went of life which circulates over the Earth
is not confined to this little planet; the
same causes develop elsewhere the same
effects, and on many among these strange
worlds, far from noticing the absence of the
riches with which the Earth is endowed, an
abundance of wealth of which our abode
only possesses the first-fruits is observed.
By the side of these bodies, the Earth is
essentially an inferior world in many re-
spects ; from the unsatisfactory conditions of
geological stability of which the terrestrial
spheroid reminds us, its surface being only a
thin pellicle, to the fatal laws which govern
life on this Earth where death reigns su-
preme.

If, on the one hand, the other worlds have
conditions of habitability quite as powerful,
if not more so, as the terrestrial conditions,
on the other hand, the Earth, considered in
itself, appears to us like an overfiowing cup
whence life issues vn all sides. It seems that
to create is so necessary to the order of
nature, that the smaliest piece of matter of
suitable properties does not exist without
serving as an abode of living beings. While
the telescope discovered in the heavens fresh
fields for creation, the microscope showed us
below the ruuge of visibility the deld of in-
yisib]e life, and that, net content with spread-
ing life everywhere where there is matter to
receive it, from the primitive p.riod when
this globe had scarcely left its fiery cradle, to
our days, nature still heaps up existence, to
the detriment of existence itself.

Leaves of plants are fields of microscopical
flocks of which certain species, although in-
visible to the naked eye, are real elephants
beside other beings, whose extreme diminu-
tiveness has not prevented an admirable sys-
tem of organization for the carrying on of
their ephemeral life. Animals themselves
serve us an abode to races of parasites
which, in their turn, are themselves the
abode of parasites still smaller. Under an-
other aspect the infinity of life presents a
correlative character in its diversity. Its
force is so powerful that no element appears
capable of struggling advantageously against
it, and tending to spread itself in every

lace, nothing can stop its action. From the
gh regions of the air, where the winds
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carry the germs, to the oceanic depths,
where they undergo a pressure equal to sev-
erul hundred atmospheres, and where the
most complete night extends its eternal sov-
ereignty ; from the burning climate of the
equator and the hot sources of volcanic re-
gions to the icy regions and the solid seus of
the polar circle, life extends its empire like
an immense network, surrounding the whole
Earth, amusing itself with all obstacles, aud
passing over all abysses, so that there is not
in the world any district which can pretend
to be beyond its absolute sovereignty.

It is by studies founded on this double
consideration, the insignificance of the Earth
in creation, and the abundance of life on its
surface, that we are able to raise ourselves
to the first real principles on which the
demonstration of the universal habitation of
the heavenly bodies must be fixed, Fora
long time man could confine himself to the
study of phenomens ; for a long time he
must still keep to the direct and simple ob-
servation of physical appearances, in order
that science may acquire the precision
which constitutes its value. But now this
entrance of truth can be passed, and thought,
vutstripping matter, may rise to the idea of
intellectual things. In the bosom of these
distant worlds, it sees universal life plunging
its immense roots ; and at their surface it
sves this life spreading itself, and intelligence
establishing its throne.

Founded on the astronomical basis, the
only possible foundation, researches made in
the domain of the physical sciences, from
celestial mechanism to biology, and in that
of the philosophical science from ontology to
morals, the old idea of the plurality of
worlds has risen to the rank of a doctrine,
The evidence of this truth has been revealed
to the eyes of all those who are impartially
and entirely given up to the study of nature.
[t does not come within the bounds of this
discourse to enter fully on this philosophical
aspect of creation ; but if I consider it in it-
self as the logical conclusion of astronomical
studies, I owe it to my readers at least to
offer them as a modest conclusion of the nar-
ratives which they have followed up to this
time, the principal results to which we have
arrived on this great and beautiful question
of the existence of life on the surface of the
heavenly bodies.

In the first place, the following is the
first consideration established on the astro-
nomical character of the world and its his-
tory: If the reader follow the philosophical
march of modern astronomy, he will dis-
cover that from the moment when the
movement of the Earth and the volume of
the Sun were known, astronomers and
philosophers found it strange that a body
80 mugniﬂcent was solely employed to light
up and warm a little imperceptible world,
arranged in company with many others
under a supreme rule. The absurdity of
such an opinion was still more striking,
when they found that Venus was a planet
of the same dimensions as the Earth, with
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mountains and plains, seasons and years,
days and nights, similar to our own; the
analogy was extended to the conclusion
that these two worlds, similar in their
formation, were also similar in their role in
the universe; if Venus was without popu-
lation, the Earth ought to be equally so;
and conversely, if the Earth was peopled
Venus must {e so also. - But afterward,
when the gigantic worlds of Jupiter and
Saturn were observed, surrounded with
their splendid retinues, they were compelled
to refuse living beings to the preceding lit-
tle planets, if they did not equally endow
these, and moreover give to Jupiter and
Saturn men much superior to those of
Venus and the Earth. And indeed, it is
not evident that the absurdity of the im-
movability of the Earth has been perpetu-
ated a thousand times more extravagantly
in this ill-conceived final causation, the ob-
ject of which is to place our globe in the
first rank of celestial bodies? Is it not
evident that this world has been thrown
without any distinction into the planetar,
cluster, and that it is not better adapte
than the others to be the exclusive seat of
life and intelligence? How little founded
is the sentiment which animates us when
we fancy that the universe is created for
us, poor beings lost on a world, and that
if we should disappear from the scene,
this vast universe would be marred, like an
assemblage of inert bodies, and deprived
of light! If on the morrow not one of us
was to awake, and if the night which, in
each diurnal period enwraps the world, for-
ever sealed the closed .eyelids of all living
beings, is it to be believed that henceforth
the Sun would no longer pour out its light
and heat, and that the powers of nature
would cease their eternal movements? No;
these distant worlds that we have just re-
viewed, would continue the cycle of their
existence, rocked on the permanent forces
of gravitation, and bathed in the luminous
aureola that the orb of dzﬁ' produces round
its brilliant focus. The Earth that we in-
habit is only one of the smallest bodies
grouped round this focus, and its degree of
habitation has nothing which distinguishes
it amid its companions. For an instant
place yourself at a distance in space whence
you can embrace the whole solar system,
and suppose that the planet in which you
saw light is unknown to you. For to give
yourself freely to the present study you
must no longer consider the Earth as your
country, or prefer it to other abodes; and
then contemplate without pretension and
with an ultra-terrestrial eye the planetary
worlds which circulate round the focus of
our life! If you suspect the phenomena
of existence, if you imagine that certain
planets are inhabited, if you are taught
that life has chosen certain worlds in which
to spread the germs of its productions, do
ou intend to people this small globe of the
arth, before having established in super-
tor worlds the wonders of living creation?
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Or if you bave the intention of settling
yourself on a body whence you can em-
brace the splendor of the heavens, and on
which you can enjoy the benefits of a rich
and fertile nature, shall you choose as an
abode this mean Earth, which is eclipsed
by somany resplendent spheres? In reply,
reader, and it is the least strong and most
rigorous conclusion that we can draw from
the preceding considerations, let us agrece
that ‘‘the Earth has no marked pre-emi-
nence in the solar system to entitle it to be
the only inhabited world, and that, astro-
nomically speaking, the other planets are
arranged as well asit is as abodes of life.”

A second consideration, founded on the
varieties of living beings on the surface of
the terrestrial globe, on the infinite power
of nature, that no obstacle has ever stopped.
and on the eloquent spectacle of the infinity
of life itself in the terrestrial world, con-
ducts the argument into a new order of
ideas: ‘‘ Nature knows the secret of all
things, puts into action the most feeble as
well as the most powerful forces, renders al}
its creations answerable, and constitutes be-
ings according to the worlds and ages, with-
out the one or the other being able to place
any obstacle in the way of the manifestation
of its power. Hence it follows that the habi-
tability and habitation of the planets are a
necessary complement to their existence, and
that of all the conditions enumerated, not
one can stop the manifestation of life on
each of these worlds. But let us add an-
other observation which will complete the
preceding; let us think for an instant of our
forced ignorance in this little isle of the
great archipelago where destiny has bound
us, and of the difficulty we experience in
searching into the secrets and power of na-
ture. Let us prove that, on the one hand,
we do not know all the causes which have
been able to influence, and which still influ-
ence, the manifestation of life, its support
and propagation on the surface of the Earth;
and that, on the other hand, we are still far
from knowing all the principles of existence
which propagate in other worlds very dis-
similar creations. Scarcely have we pene-
trated those which regulate the daily func-
tions of life; scarcely have we been able to
study the physical properties of the media,
the action of light and electricity, the effects
of heat and magnetism. There exist others
which go on constantly under our eyes, and
which have not yet been studied nor even
discovered. How vain’ then would it be to
wish to oppose to the possibility of planetary
existences the superficial and narrow prin-
ciples of what we call our sciences? What
cause would be able to struggle with advan-
tage against the effective power of nature,
and to place obstacles to the existence of be-
ings on all these magnificent globes which
revolve round the Sunl 'What extravagance
to regard the little world where we first saw
light as the only temple, or as the model of
nature!”

Impressed with the value of the providen-
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tial design of creation, these considerations
become more imperious still. ‘“ That our
planet was made to be lived in, is incontest-
able, not only because the beings which
people it are here under our eyes, but again
because the connection which exists between
these beings and the regions in which they
live brings the inevitable conclusion that the
idea of habitation is immediately connected
with the idea of habitability. ow this fact
is an argument in our favor; for, unless we
consider the creative power as illogical, or as
inconsistent with its real manner of acting, it
must be understood that the habitability of
the planets imperiously demands their habi-
tation. To what end have they received
years, seasons, months, days; and why does
not life come forth on the surface of these
worlds which enjoy, like ours, the benefits
of nature, and which receive, like ours, the
rays of the same sun? Why these snows of
Mars, which melt each spring, and descend
to water its continents? Why these clouds
of Jupiter, which spread shade and freshness
over its immense plains? Why this atmos-
phere of Venus, which bathes its valleys
and mountains ? O splendid worlds, which
float afar from us in the heavens! Would it
be possible that cold sterility was ever the
immutable sovereign of yonder desolate
regions? Would it be possible that this
magnificence, which seems to be your ap-
panage, was given to solitary and bare
worlds, where the lonely rocks eternally
regard each other in sullen silence? Fearful
spectacle in its immense immutability; and
more incomprehensible than if Death had
passed over the Earth in fury, and with a
single stroke mowed down the living popu-
lation which enlightens its surface, thus
enveloping in one ruin all the children of
life, and leaving it to roll in space like a
corpse in an eternal tomb!”

Thus it is that, under whatever aspect we
regard creation, the doctrine of the plurality
of inhabited worlds is formed and presented
as the only explanation of the final end—as
the justification of the existence of material
forms—as the crowning of astronomical
truths. The summary conclusions which
we have just quoted are established, logic-
ally and without difficulty, by observed
facts; and. when, having contemplated the
universe under its different aspects, the mind
is astonished at not having sooner conceived
this striking truth, it feels within itself that
the demonstration of such evidence is no
longer necessary, and that it ought to accept
it, even with no other reasons in its favor
than the condition of the terrestrial atom
compared with the rest of the immense uni-
verse. Humbled by this spectacle, one can
but proclaim the luminous truth in a trans-
port, disdaining all researches.

_‘““Ahlif our sight was piercing enough to
discover, where we only see briﬁiant points
on the black background of the sky, resplen-
dent suns which revolve in the expanse, and
the inhabited worlds which follow them in
their path, if it were given to us to embrace
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in a general coup d'@il these myriads of fire-
basege systems; and if, advancing with the
velocity of light, we could traverse from
century to century, this unlimited number
of suns and spheres, without ever meeting
any limit to this prodigious immensity where
God brings forth worlds and beings; looking
behind, but no longer knowing in what part
of the infinite to find this grain of dust called
the Earth, we should stop fascinated and
confounded by such a spectacle, and uniting
our voice to the concert of universal nature,
we should say from the depths of our soul:
Almighty God! how senseless we were to
believe that there was nothing beyond the
Earth, and that our abode alone possessed
the privilege of reflecting Thy greatness and
powerl”

II.
THE CONTEMPLATION OF THE HEAVENS.

How beautiful and worthy of the human
mind is this contemplation of the visible
splendors of creation! How much superior
are these studies to the common preoccupa-
tions which occupy our days and pass away
our years! How they elevate the soul to-
ward real greatness! In the artificial world
that we have formed for ourselves by our
citizen habits, we have become 8o strange to
nature that when we return to it we appear
to enter into a new world. We have lost
belief in its value, and thus deprive our-
selves of the purest joys. By freeing our-
selves from stormy life, by returning to
peace we undergo a hitherto unknown im-
pression, as if the sphere of harmony into
which we enter had always remained far
from the labors of our minds.

Studies of nature possess this precious
characteristic, that being applied to truth,
they recall us to our origin, to our material
cradle. 'Worldly life is a real exile for the
soul. Imperceptibly we get accustomed to
content ourselves with appearances, no long-
er to seek the bottom and the substance of
things. Imperceptibly we lose our value and
greatness, when rocked on the surface of this
unfathomable ocean on which float human
barks. The objects which surround us alone
attract our attention, and we forget the past
like the future. But there are hours of soli-
tude, when the soul, returning to itself, feels
the emptiness of all these appearances, when
it discovers how little they can satisfy it,
when it anxiously searches and returns with
love to real greatness alone, capable of giv-
ing firm ground for its repose, instead of the
fluctuations which have agitated it. Then
the soul has homesickness; it demands the
truth; it wishes for the beautiful, and bids
adieu to transient affections. If itisallowed
at these hours of reflection to contemplate
the beauties of nature; to admire and un-
derstand the wonders of creation; entirel
giving itself up to the contemplation whic:
captivates it, abandoning itself to the charm
of the splendors studied, it devotes itself un-
reservedly to the spectacle which absorbs i\,
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forgetful pf the false joys of the Earth, and
eager after the true and profound ones
which Nature, that young mother whose age
is unchangeable, pours into the souls of the
children who cherish her. The beauties of
the heavens will captivate it with their
charms, it will demand that such a contem-
piation shall never cease, that the night shall
reveal to it wonder upon wonder, and that it
may be permitted not to leave the scene be-
fore its admiration is satisfied.

‘When we give our minds up to these high
and magnificent studies we soon feel the
great harmony, the admirable unity in which
all things are bound together; we feel that
all creation is one, that we form a constitu-
ent part of it, and that an immense life,
scarcely guessed at, envelopes us, Then all
phenomena take their place in the universal
concert.

The golden star which shines in the depths
of the heavens and the little grain of crys-
tallized sand which reflects the solar ray,
unite their light ; the majestic sphere which re-
volves harmoniouslﬁ in its gigantic orbit and
the little bird which sings under the leaves;
the immense nebula which arranges its syse
tem of suns in the vast expanse, and the bee-
hive which receives the rhomboids of a repub-
licin eternal concord ; gravitation which bears
up in space these formidable globes and
these systems of worlds, and the humble
zephgr which wafts beloved perfumes from
one flower to another; great phenomena and
imperceptible actions unite with each other
in the general movement, and the inﬁnitelﬁ
great and the infinitely small embrace eac
other. For the universe is the action of a
single thought.

No human speech, no work formed by the
hand of man, can compete with the harmony
of nature or the work of creation. Compare
for an instant the most admirable ckef d’cu-
vre among the wonders of art with the most
simple among the productions of nature.
As was said long ago, compare the richness
of regal ornaments, the oriental tissue of
Bolomon’s garments when in all his glory,
the golden plates of his temple, the mosaics
of his palaces, to the whiteness of the lilies,
the bloom of the roses, and seek if the com-

arison can be thought of for an instant.

he great characteristic which distinguishes
these works, is that in the one, a restricted
power marks the limits of its skill, while in
the other the impress of an infinite power
always remains. Magnify the power of our
senses, take that astonishing lens which
raises up giants where the most insignificent
beings remained invisible; at its focus, the
fimest tissue, the most delicate work of hu-
man art is changed into a shapeless and
coarse object; on the other hand, the most
modest tissue formed by the handsof nature
reveals hidden riches in proportion as the
magnifying power increases.

» 'I% now to compare our most wonderful
mstruments, from our formidable machinery
which holds captive those powerful forces
of which man bas made himself master, to

those exact instruments, so elegant, so sensi-
tive with the untamable forces with which
matter is animated, or with those admirable
and precise laws which rule in an incom-
prehensible perfection the harmonious move-
ments of the starry spheres at the concert of
the heavens, and say how much art is sur-
passed by nature.

And the work of nature is charming in the
infinitely small as in the infinitely great.
The sublime spectacles which the contem-
plation of the heavens unveils to us are
doubtless the most striking, the magnificence
of which imposes itself most impressively
on our astonished mind; but if we examined
little things our imagination will remain con-
founded before them as before the greatest.
On the poor little white butterfly which, born
iesberday, will be in dust before to-morrow

as passed, the analyzing eye of the micro-
scope will show magnificent feathers of
snowy white or dead yellow, symetrically
arranged, with as much care as those of the
eagle intended to fily to the heavens; never-
theless to the naked eye there is nothing but.
an impalpable dust, which adheres to the
fingers. On its head you may count twenty
thousand eyes. If the finer drops of dew
suspended at sunrise to the leaves of the
lower branches, fall at the touch of a pas-
sing bird, you will see painted on this fine
rain a rainbow not less rich than the gigan-
tic arch uplifted at the end of a storm in the
regions of the atmosphere; charming little
rainbow, formed for a life of a few tenths
of a second and disappearing as it was born,
Examine these humble wild flowers with
colored petals; emeralds and rubies succeed
each other, gold and sapphire intermingle
their delicate tints; it 1s in miniature the
same magnificence of colors as shines in the
double stars. We could continue without
limit these comparisons, which prove to us,
in all directions, the infinity of the creative
power. She

Nevertheless we do not think of it, and
we pass indifferently by these wonders. If
the night was deprived of stars, said a phi-
losopher, and there was only one place on
the Earth whence the constellations and bod~
ies would be visible, the pilgrimage to this
place would never cease, and each would
wish to admire these wonders. But that
which daily surrounds us loses its value, cus-
tom destroy attention, and we forget nature
for pleasures certainly infinitely less worthy
of our thoughts. If sometimes we allow
ourselves to be exalted by these wonders of
the science of the heavens, we quickly re-
turn to the things of the world, forgetting
our grand questions. The Earth has the
gift of captivating usso strongly that we
willingly forget the heavens for it. .

Let us consider, dream, and think some-
times of the beautiful in nature. Let us al-
low ourselves to be drawn away by those
delicious reveries which carry us from earth-
ly tumults to calm and silence. Let us as-
cend to that limpid source, whence descend
all consolation in sadness, all coolness after
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the fatigue of the day, all peace fn disqui-
etude. When our lips are parched by the
winds of the world, let us moisten them at
this clear spring, let us ask a kiss from the
lips of Nature—and may this pure aspira-
tion keep us from poisoned cups.

The fulness and height of man’s happi-
ness, said Seneca, is to tread under foot all
bad desires, to dive into the heavens, and to

netrate the most hidden folds of nature.

ith what satisfaction, when our thought
has taken flight from the midst of these,
does it mock at the mosaics of our riches,
and our earth with all its gold! To disdain
these porticoes—these brilliant platforms of
ivory—these rivers running through palaces
—one must have embraced the circle of the
universe, and looked from on high on this
narrow globe, a great portion of which is
submerged, while that which is above water
is either savage, or torrid, or frozen. This
is, then, says the sage, the spot divided
among many nations with fire and sword!
Here are our mortals, with their absurd fron-
tiers! If the human intelligence were given
to ants, would they not also dividea square of
garden into several provinces? When thou
shalt have risen to the really grand objects
of which I speak, each time that thou shalt
see armies marching with colors raised, and
as if it were a serious matter, horsemen some-
times flying unguardedly, or retreating on
their supports, thou wilt be tempted to say,
*‘ These are evolutions of ants—great move-
ments in little space.” Oh, how little is
man if he does not rise above human things!
There are regions above, without limits,
which our soul as admitted to possess, pro-
vided that it carries away with it the least
possible that is material, and that, being
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urified from all stain, and free from fetters,
1t is worthy of flying thither. As soon as it
reaches there, it 18 nourished and developed;
it is as if delivered from its ironms, and re-
turned to its source: it recognizes itself to
be a daughter of heaven from the delight it
takes in celestial things; it enters there not as
a stranger, but as if at home. An eager
spectator, there is nothing but it sounds and
interrogates. Ah! who could hinderit? Does
it not know that all this is its domain? Man
does not live on bread alone—he requires
thought. It ison rising to these noble con-
templations that he becomes worthy of his
rank; it is by occupying his mind with these
beautiful and fertile subjects of study that
his countenance will preserve the divine ex-
pression of his destiny, and will shine more
and more. Let us not forget the teachings
of the night, but return sometimes to medi¢
tate under its silent gloom. Instead of a
passing reverie, now that we have partly
lifted the veil which hid the celestial mys-
teries from us, our minds will have an object
better understood; we shall understand what
we admire, and we shall better appreciate
these distant creations. These nocturnal
hours will have a double value in our eyes,
as they will place us henceforth in commu-
nication with worlds whose natures are no
longer unknown to us. And it is with
greater intimacy that we shall address that
salutation to the Night, with which we
opened our interview with the heavens:

O Nuiti que ton Iangage est sublime pour moi,
Lorsque seul et pensif, assui calme que toi,
Contemplant les soleils dont ta robe est parée,
J’erre et médite en paix sous ton ombre sacrée!”
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LONGEVITY:

THE MEANS OF PROLONGING LIFE AFTER MIDDLE AGE.

BY

JOHN GARDNER, M.D.

PREFACE TO THE THIRD EDITION.

THE notices this work has received by
reviewers, both in the medical and general
press, have been uniformly favorable.

No one has questioned the justness of the
assumption, that very numerous persons
in advanced life endure sufferings and die
prematurely, who might enjoy ease and
comfort, and have their lives greatly pro-
longed, by the exercise of properly directed
care, and the judicious use of means within
their reach.

The hints and suggestions I have given
to elderly people for attaining a healthy
and happy old age, and for prolonging life,
have also met with general approbation.

If we have no elizir vite in a single med-
icine, we have well-ascertained laws of
hygiene—an ever-advancing and improv-
ing art of healing, based upon an accurate
knowledge of the human constitution and
a closer study of remedial agents; and
these may be accepted as, in some measure,
an eguivalent. At least, we must be satis-
fied with them for the presenl. Wha

may emerge in the progress of:science we
can only conjecture, Such forecasts as I
have veuntured upon in a note may be ac-
cepted for what they are worth.

The revision and additions made in this
edition, it is hoped, have increased its in-
terest and usefulness.

WHAT IS THE NATURAL OR NORMAL DURA-
TION OF HUMAN LIFE?

To attain to a lengthened life, to enjoy
ease and tranquillity in life’s decline, and
immunity from pain, debility, and other
forms of suffering, are objects worthy of
far more earnest attention than they usually
receive.

At the dawn of modern science, when
the properties of natural bodies began to
be observed, men sought to find the phi-
losopher’s stone and an elizir vite,; hoping
to preserve life forever, or at least for a
long and indefinite period. and to obtaiu
wealth by a short and easy process.
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Since we have more accurately investi:
gated the constitution of man, body and
mind, the conditions of life, health, disease,
and death, the nature and relations of
things around us, we are able to form more
rational aims, and to pursue them with bet-
ter hopes of success.

How to evade the causes of disease, to
obviate their effects when they touch us,
how to reach the utmost extent of the term
allotted to human existence, are legitimate
objects of research. And'since the most
subtle and most tremendous physical forces
are made snbservient to our daily wants
and the composition and interaction of the
materials of our earth, animate and inani-
mate, are to some extent ascertained and
utilized, surely we may expect that means
and appliances should be attainable to pre-
serve and prolong human life, to render
longevity the rule for many, and not, as
now, the exceptional lot of a few.

In this line of thought, a question emer-
pes which we must meet and answer n
limine.

How long can men live if exempted or
protected from all the influences tending
to extinguish life prematurely ? What is
the term, if any, which Divine Providence
has affixed to the duration of human life ¢

As an obvious fact, numbers reach the
age of eighty or uninety. A few exceed
these years, and nearly or quite touch one
hundred. There are others, still fewer
indeed, who live even longer than one
hundred years.

The late Sir George Cornewall Lewis
having expressed doubts as to the evidence
of any life exceeding one hundred years,
much inquiry ensued. The affirmation, if
not absolutely proved, must appear to those
who have followed the controversy to be
most probable. Quite recently, howeve
the first case on record verified by an assur-
ance society of a person dying at the age
of one hundred and three occurred. One
such case is conclusive, and must not be
ignored in dealing with the question before
us ; while all the recorded stories of per-
sons living one hundred and fifty to two
hundred years and upward —Jenkyns, Parr,
etc.—must in the present state of our
knowledge be regarded as myths. The
very numerous cases claiming an age some-
what beyond one hundred, when 1o posi-
tive evidence could be adduced, are now
proved to have no inherent impossibility.
(Bee Note A, p. 176.)

There have been many attempts to deter-
mine what is the limit of human life ; and
various opinions have been advanced,
based upon data as various. None have
appeared so reasonable and so worthy of
acceptance as that of M. Flourens, and his
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views have accordingly attracted much no-
tice.

M. Flourens conceives he hus discovered
a tixed relation to exist between the time
required for the growth to maturity of an
animal body, and its ultimate natural du-
ration, all causes of premature mortality
excluded.

Taking his observations from the group
mammalia, of the class vertebrata, as hav-
ing the closest resemblance to man, and
such species as are permitted to live the
full term of their natural lives under cir-
cumstances not admitting error or doubt—
the elephant, horse, dog, etc.—he found
that their natural life extends exactly to
five times the period of their growth.

Applying the rule thus obtained to hu-
man life, and taking the age when the
body is fully matured to be twenty years,
he concludes the natural duration of the
life of man to be one Aundred years. (See
Note B, p. 176.)

If these observations and inference are
on the whole well founded, a slight modi-
fication must be admitted ; since it is
highly probable that the time of perfect
maturity of growth is not an absolutely
fixed, but a variable quantity, some indi-
viduals attaining it somewhat earlier, some
later. It would perhaps be safe to assume
that the body has reached its full develop-
ment and maturity from eighteen to twenty-
one. These numbers, multiplied by five,
would bring the natural life of man to be
from ninety to one hundred and five years.
This conclusion must, we think, be re-
garded as the truth, or, at least, a very
close approximation to the truth—the dis-
covery of a most interesting and important
natural fact or law.

Recent inquiries have proved the fact of
many persouns living beyond the age of one
hundred ; but no one has yet been met
with exceeding one hundred and five (vide

The inference necessarily follows, that all
persons who die under eighty years of age,
many who die under ninety, some who die
under one hundred, or even one hundred
and five, die prematurely. (See Note C,
p. 177.)

And this inference is supported by obser-
vations made in another direction ; for all
pathologists agree in stating that very féw
persons indeed die of mere old age. Of
those whose lives reach to between eighty
and ninety, and even extend beyond
ninety, the majority die of diseases which
might have been avoided, cured, or kept
in abeyance, until the full term of human
life had been attained.

The Registrar-General, in several publi-
cations, has deplored thc premature mor-
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tality of the people of England, and in
most forcible language urged the subject
on the attention of all thoughtful persons.
(See Note D, p. 177.)

His remarks, although they refer to per-,

sons of all ages, are most applicable to those
who have reached or passed middle age ;
since it may be assumed that at this epoch
knowledge and experience have been
matured, and individuals are most capable
of judging of the expediency of taking
measures for their own preservation.

‘THE PURPOSE AND LIMIT OF THIS WORK.

To trace human life from birth to old
Bge ; to point out in detail the known
causes which cut it short in infancy, child-
hood, youth, and maturity ; to discuss the
occasions and circumstances leading to
culpable or unavoidable neglect of precau-
tions and measures for its preservation—
would require a work of considerable mag-
nitude. My present purpose is to treat of
ONE Epocl only—that which may not in-
aptly be designated Advanced Age--in pop-
ular language, the Decline of Lije ; to show
what is the precise nature of the changes

in the constitution which take place in that .

epoch, and.constitute in the . aggregate
«ageing ; to enumerate the most common and
‘prominent physical troubles incident to ad-
vanced age ; to point out the antidotes and
‘means furnished by science and experience
for ameliorating or avoiding those troubles,
and for retarding the effects of time, and
thus for prolonging life.

18 THE DURATION OF LIFE IN ANY DEGREE
WITHIN OUR POWER ?

This question may not unreasonably be
raised ; and it may be well to consider it,
and to state briefly the arguments on which
«an affirmative answer may be founded.

Some persons may be disposed, primd
Sacie, to entertain doubts on the subject.
The expression in Holy Scriptures will
occur to them, ‘‘Thereis an appointed
time for man upon earth.”” Such an inter-
pretation and application of this text is not
unfrequently made; and we often hear
the phrase, ¢‘ His time was come,’’ used to
modify the sorrow for the premature loss
of friends. This must be an error. The
.expression rather refers to the limit gen-
-erally of human life—the hundred years of
M. Flourens, or the hundred and five as
explained above, or the average duration
-of life in the human race. That it cannot
'be meant to apply to individuals, imply-
ing a fatal fixity to the term of their ex-
istence, is amply proved by iucontrovert-
ible facts.

1. The average duration of life has in-
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creased during the present century in
England and some other countries, This
is so generally admitted as to need no
proof. : '

2. This average varies with different
classes of society and with different occu-
pations. Thus, the clergy enjoy the long-
est lives: medical men have the shortest,
etc.

3. The rich, or those exempt from the
cares and anxieties of business, ceteris
paribus, live longer than the middle classes
or th poor.

Gr at 1 ngevity is, indeed, not uncom-
m.n in eleemosynary institutions, asylums,
and union workhouses. The reason is obvi-
ous their inmates are (many of them at
least) absolutely free from cares : neither
for themselves nor their relatives need
they suffer anxiety. Generally well fed,
cl hed, and housed, seldom exposed to
external causes of disease (pathogens), they
enjoy advantages in these respects not al-
ways within the reach « f the wealthy, and
never of the classes immediately above
them in the social scale.

‘We are able to specify some of the causes
of the general extension of human life.

a. Sanitary improvements enforced by
law.

b. The more wholesome and provident
habits of all classes in avoiding the recog-
nized causes of disease.

¢c. Better food, clothing, ventilation and
drainage of dwellings, the use of coal as
fuel, etc.

d. Draining and cultivation of the land.

e. The progress of the arts of healing—
medicine and surgery.

The benefits already derived from these
and other items of progress justify the
hope of a further extension of the duration
of life in the future,

It must be observed that the extended
average is by no means solely due to the
lessened mortality o. children and young
persons. The obituaries published daily in
the newspapers frequently excite attention
and remark from the number cf very aged
people whose death is recorded.

The irresistible inference from the above
well-established facts is, that both material
and moral influences abridge or prolong
buman life. The sum of all science and
the instruction derived from experience is,
that means exist which enable us to pro-*
long life in every stage.

Consequently the enjoyment of long life
is—within limits not strictly definable in-
deed—in every man’s power.

SOME GENERAL CONSIDERATIONS RESPECT-
ING ADVANCED AGE.
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‘While preparing in youth for the struggle
of life, or engaged in its active duties, we
have scant time or leisure to give to what
we deem a distant future ; but when those
periods are mast, and we are consciously
warned that the time approaches for retire-
ment and repose, we may well turn our
thoughts to the questions how the remain-
der of life can be best preserved from
suffering, and whether any and what means
may be found to prolong it to its utmost
limit.

Satirists have handled, and wits have
made themselves merry with, the nervous-
ness and anxiety of old people about their
ailments. How sorry would such sallies
appear, were they directed against a man's
care respecting his dwelling. Should we
impugn the wisdom of keeping a house
waterproof, of anticipating or arresting
decay and dilapidations, of watchinlness
and care to prevent injuries from time and
weather 7 ‘What sense would there be in
disregarding the loss of a single slate from
the roof, the trickling of a few drops of
water through the ceilings, the ingress of a
g;;ﬁ of air through a crack in the wallt

hat should we say of him who neglected a
loosened beam or sinking foundations until
the whole building was in danger of fall-
ing about his ears? Is a man’s own body
of less importance to himself than his
house ? If the timely relief of some slight
pain, the notice and repair of some scarcely
perceptible disorder in the fabric or the
feelings, may avert acute and prolonged
sufferings, or even save for a lengthened
time a valuable life—and every life is
valuable—is it not most unwise to neglect
seeking the remedy? Is it not worth
some trouble, care, and expense to under-
stand the evil in its source and it$ ten-
dency, and to counteract it ?

When may a man or woman be consid-
sred old ¢ What is the limit of middle or
adult age ? and when is the line of demar-
cation between this and the decline of life
passed ¢

This period cannot, indeed, be strictly
defined by years. The effects of wear and
tear are experienced by some at a much
earlier age than by others. Mental or bodi-
ly labor, cares, violent emotions, anxieties,
etc., produce in a briefer time the changes
The phrase
Jast living is full of meaning. It implies a
crowding of pleasures or sufferings into a
shorter compass than natural. Still, we
may approximatc to the era of ageing.
Some have said a man is old at forty-five ;
others have considered seventy the normal
standard. Long observation has convinced
me that sixty-three is an age at which the
majority of persons may Le termed old ;

and, as arule, we may adopt this as the
epoch of the commencing decline of lite.
Exceptions, of course, there are ; but in a.
mixed company few would fail to discern
those who may fairly be pronounced old
people, as distinguished from the middle-
aged ; and, we venturc to say. most of
them would be found, on inquiry, to have
reached or passed sixty-three.

bixty-three, it will be observed, corre-
sponds to what the old philosophers desig-
nated, ‘‘the grand climacteric’’ — seven
mulitiplied by nine. They fancied some
mystical relation belonged to the number
seven and its multiples. And no doubt the
successive stages of life are marked by cer-
tain peculiarities. In early life we think
those stages are septennial ; but, later, they
are rather decades.  However this may be,
every one is conscious of changes in the
constitution, tastes, feelings, mode of
thinking, susceptibilities, etc., being
marked and recognizable at several epochs.
of advancing life.

Physiology makes us acquainted with
changes in the very structure of our bodies,
whence all the external manifestations of
ageing flow. These we shall analyze and
describe in the sequel.

Pathologists have often observed that.
the effects of pathogens (i.e., external
causes of disease—poisons, contagions, etc.)
differ greatly at various ages. Adults ale
not liable to many diseases which assault.
childhood.  Elderly persons are éxempt.
from many others which afflict youth and
middle age. We know, too, that food and
medicine vary in their effects upon us at.
different stages of life. And, moreover,
such diseases as youth and age suffer in
common present, even to superficial obser-
vation, dissimilar aspects, proceed in dif-
ferent courses, and issue in different re-
sults.

‘When we first hear the epithet ‘‘old’”
applied to us, we are shocked, and would
willingly believe it untrue ; but it seon be-
comes familiar, and we acquiesce in the
imputation as inevitable. Those of us dis-
play most wisdom who do not attempt to
blind themselves to the fact, but begin
without delay to consider the new wants
age creates, and the new duties it imposes.
Conscious of having passed into a new con-
dition of existence, the physiological de-
tails of the changes within us should awak-
en much interest, and particularly excite
another inquiry of no small importance.

Ageing, as we have seen, begins at vari-
ous periods of life, determined always, or
mostly, by the general course of the past.
There may be in age a condition regarded
as perfect health, although doubtless rarely
80, as would be discovered, were a strict
examination made in any case. More com-~
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monly there may be some defect, damage,
or latent disorder in the constitution, the
result of special wear and tear, previous
habits, or attacks of disease long since sup-
posed to have passed away.

When, therefore, & consciousness of age-
ing comes, the questions should be enter-
tained and answered, Is there any such
damage existing? What are the weak
points in the system ? A careful scientific
investigation will supply an answer ; and
if any special organs exhibit any sign of
‘weakness, disorder, or lesion, whether it be
the brain, the heart, the lungs, the stom-
ach, the liver, the kidneys, especial atten-
tion should be directed to the part, and ap-
propriate remedies at once adopted. Any
-organ previously the seat of active disease
will generally be the first to give way un-
der the general condition of ageing. To
urge this by any arguments on persons re-
tiring from the active pursuits of life, and
hoping to enjoy a calm and prolonged life,
would be, one would think, as superfluous
as to persuade them to dwell in houses
wind and water proof, or to regulate the
temperature of their houses according to
‘the seasons.

Such an jnvestigation of the constitution

as I suggest may involve trouble and ex-
pense ; but who that purchases an estate
or house neglects to employ a surveyor ?
‘What merchant or trader fails to take stock
‘when he begins or quits business ?

I am quite sure it often happens at this
epoch of life, that some incipient disease
may be detected, which, if neglected,
would develop and prove fatal in five to
ten years, but which, if detected and
;guarded against, would admit of the ex-
tension of life for twenty or thirty years.

If this be thought too exalted an opinion
of the efficacy of remedial measures, it will
scarcely be questioned that many aged per-
sons have their 'lives embittered by suffer-
ings which could be readily relieved if due
attention were given to them. But regi-
men, including, of course, everything
around us, and medicinal agents with
special powers to repair damage and invig-
orate weak organms, are as available and
efficacious in age as in youth. It isa fal-
lacy to suppose age is necessarily accom-
panied by pain and suffering. How often
do we hear the expression, ** Oh, he is an
old man! What can we expect?’ or,
‘¢ Consider her age : what is the use of
inedicine ¥’ Whereas I maintain that ad-
vanced age ought to be a stronger and more
urgent reason for seeking, without delay,
every means of relief. The first symptom
of disorder in any part, however slight,
should receive immegiate attention : pain
should not be endured an hour in any part
without proper investigation of its seat and
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cause, and recourse to remedies.

It is very generally considered that sud-
den death is an evil, and that it is prefer-
able for us all to have some warning and
forecast of the inevitable end of life. The
Church of England teaches its members to
pray for exemption from sudden death,
We read and hear daily of persons dying
suddenly. Careful inquiry of surviving
friends, if such there be, will almost al-
ways discover that there were warnings,
although neglected—signs, slight perhaps,
but sufficient to indicate to a practised eye,
had such an eye been directed to them, the
approaching catastrophe. And, in no
small number of cases there is, at the same
time, good reason to lament the neglect,
embittered by the certainty that science
had resources adequate to avert the de-
plored issue.

I have already remarked that the dis-
orders and diseases of aged persons differ
greatly from those of youth, and adults in
middle life ; and it must be added that
they ought to engage the special attention
of a distinct class of physicians.

Specialties are not generally in favor
with the profession ; but the public hold a
different opinion. The propriety of such
specialties scarcely admits of an argument.
The diseases of the mind, of women and
children, of the eyes, ear, throat, teeth,
etc., have special practitioners, popularly
supposed to be more skilful and experienced
in their treatment respectively than those
who spread their practice over the whole
field of medicine. I am certain that the
troubles, disorders, and condition of elderly
people demand very special and careful
study and observation to understand.

There are several works on the disorders
and diseases incident to advanced life,
written by physicians of repute. Of these,
we may mention Dr. Rush of Philadelphia,
U. 8., Sir Anthony Carlisle, Sir Henry
Halford, Dr. Van Oven, Dr. Day, Sir
Henry Holland, and Dr. Maclachlan. All
these authors treat chiefly of overt diseases,
their symptoms, and mode of treatment.

But, underlying such overt diseases, is
the cause of the peculiarities they exhibit
—the especial condition of the system in
aged persons. This I have found no satis-*
factory attempt to explain or gescribe. It
is, nevertheless, definite and appreciable
enough. Even to theeye of a common ob-
server, some of the phenomena are unmis-
takable. We are conscious enough of
them in ourselves, and our younger friends
are not slow in observing them.

It is, however, only when the changes
and peculiarities of the system in aged per-
sons are carefully studied, with their 1ela-
tions, antecedents, and consequences, that
we are able to devise hygienic measures,
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preventive of overt disease and- preserva-
tive of life. )

And when defined, and its several items
recognized and described, does the state
of ageing admit of being ameliorated, re-
tarded, and the inevitable result of the in-
trusion of the great and mysterious factor
—Time — postponed ¢ This question will
be answered in the sequel affirmatively.

Of course, if a life is to be preserved and
prolonged by any means or measures, it
must be with the sensible and rational eo-
operation of the individual. It would be
very happy for us had we a mystic elixir
capable of preserving life, in spite of old
damages and injurious habits; but we
have not. If life is not worth some trou-
ble for its preservation, my labor in writing
is useless. I know the tendency of most
persons is to shut their eyes, and glide on
to the end ; but some will surely profit by
information .designed, at least, for their
benefit. A French writer, alluding to the
too common neglect of means and precau-
tions prescribed by science for preserving
and prolonging life, says, ‘‘Men do not
usually die : they kill themselves.’’

This negligence is strikingly contrasted
with the desire and efforts made to conceal
the advance of age. The use of hair-dyes,
cosmetics, rouge, etc., testifies to the fear
of appearing old. Were as much trouble
taken, and expense judiciously incurred, to
abate and stay the radical changes in the
constitution which make age dreaded as an
evil, it would be far better, and indirectly
the purpose aimed at would be more com-
pletely attained. The personal appearance
of an aged person in the enjoyment of
health can seldom or never be displeasing.

WHY ARE THE MEANS FOR PRESERVING
HEALTH AND PROLONGED LIFE NEGLECT-
ED ?

It may be useful to consider for a mo-
ment the causes of the negleet which so
often leads to the ubridgment of life,

They aretwofold : first, prevalent errone-
ous opinions ; and, second, inordinate love
of money, or, at least, injudicious economy.

On the first point I avail myself of the
following admirable remarks of the Zimes,
on the occasion of a trial of one of the sect
calling themselves “ The Peculiar People,’’
who repudiite medicine, and trust solely
in the divine aid.

* Their present doctrine,” says  the
Times, *‘ is partly an expression of the vul-
gar error which considers the doctor as a
person working by the aid of physic only,
and which regards physic as an ageney for
causing some indirect change in the pre-
existing state of the bodily functions.
There are many, even among the educated
classes, who have vet to learn that the

business of the physician is not so much to
heal the sick as to place them in a condition
most favorable to their recovery—to_find
out where their habits or occupations, or
the hurtful influences to which they have
been exposed, have thrown an undue stress
upon this or upon that organ ; to consider
by what assistance the natural balance of
the system may be restored ; to relieve
pain, and to obviate for the time the ten-
dency to death.

‘“The argument which enunciates the
duty of using appropriate means, notwith-
standing the most assured faith in the di-
vine protection, is so old, and has been
worn so threadbare (by repetition), that it
would be impertinent even to refer to it,
were it not that ‘recent facts’ show the
existence, in the very centre of our civiliza-
tion, of people of reputable character and
good intentions before whom this argument.
has never been brought, or upon whom it
has at least failed to produce any impres-
sion.

‘* A theology which does not recognize in
the healing properties and powers of plants.
and minerals a divine provision and ordi-
nance to meet the needs of mankind is
fatally defective.  Science seeks to dis-
cover and apply them. To neglect and re-
fuse the benefits they proffer is indefensi-
ble on any basis of reason or common-sense.

‘“ Medical men would thiemselves be the:
first to admit, first, that many cases of ore
dinary sickness tend naturally to recovery ;
second, many others tend, as we all know,
irresistibly to death ; third, but there re-
mains a third class, and a very large one, in
which science and experience alike bear
witness that the skill of the physician or
the surgecon may determine the movement.
of the wavering balance, and may make the
difference between death and recovery.”’

The second point, the sacrifice of life to
economy, may be illustrated by an anec-
dote. A gentleman had a sharp attack of
acute disease—just a case where the bal--
ance was turned by skilled attention and
vigorous measures. The physician took his
leave with the remark, *‘ You will be liable
to snother attack. BSend for me or some
other medical man at once. A delay of a
day or two many prove fatal.”” The pa-
tient reckoned up the fees he had paid, and
found they amounted to twenty guineas.
Just a year after the discase returned ;
but, consulting with his wife, they thought.
that, with the aid of the old prescriptions,
many guineas might be saved They dis-
regarded the doctor’s judicious advice—
delayed a few days—the attack proved
fatal. After hearing the histoyy of the
disease, he said, “I am confident, had
proper means been taken at the first, the
attack might have been warded off.” This.
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gentleman -distributed fifty thousand
pounds by his will. .

There is no short and sharp process to
stay the troubles of the aged. An occa-
sional visit to the best of physicians or sur-
geons will not do. There must be watch-
fulness, and the immediate use of measures
of relief for every degree of deviation from
. bealth. If money is regarded as more val-
uable than life, nothing more can be said.
(See Note F, p. 178.)

IS LONGEVITY DESIRABLE ?

Is it desirable to live to old age, to pro-
long life when the epoch of its decline has
been reached, when its active duties must
be in some measure abandoned and super-
seded by bodily repose, quiet meditation,
and thought ?

This can only be decided by each indi-
vidual for himself or herself.

Not unfrequently the life of aged per-
sons, heads of families or otherwise, is of
incalculable value and importance to their
children, friends, or dependants.

Many people, without considering such
ties or claims, may deem a prolonged life
desirable for themselves, having attained
the objects of their ambition—wealth or
reputation. Or even those who have sim-
ply reached a position giving them ease
and immunity from care and anxiety after
an active life of business, must surely de-
gire to enjoy the quiet and repose of age
as long as possible.

Surely, to all such, every available means
for the preservation of life, and for attain-
ing the full period of existence, should be
of great interest, carefully sought and dili-
gently employed.

Three thousand years ago a wise man
wrote, *“ There is an evil which I have seen
under the sun, and it is common among
men. A man to whom God has given
riches, wealth, and honor, so that he want-
eth nothing for his soul of all that he de-
gireth ; yet God giveth him not the power
to eat thereof, but a stranger eateth it:
this is vanity and an evil disease.”’

This is equally true at the present mo-
ment. Witness the tens of thousands scat-
tered over the whole country, and, indeed,
we may say, the whole world, wasting
their lives in indolence, self-indulgence,
perhaps vice ; expending the wealth gained
by the labor, anxiety, and often, it must be
feared, by means of questionable propriety,
of those who had a very brief tenure of it.
Surely, if it be desirable to obtain riches,
it 1s not less desirable to have the enjoy-
ment of them as iong as the laws of our
being permit. Age has real and substan-
tial enjoyments when not marred by suffer-
ing. If God has provided the means, it is
our own fault if we refuse or neglect to
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use them. (See Note E, p. 177.)

Impatient under some slight pain, some
disappointment, or the conviction that
pleasures long enjoyed can no longer be
pursued, people will say they care not how
soon their life may end. This is oftener
on the lips than in the heart. It is cer-
tainly unwise, and a token rather of weak-
ness than of moral courage. If it means
anything, it signifies a readiness to throw
away & man’s best possession. It is the
spirit of a thoughtless prodigal, not the
wisdom to be derived from experience, and
which ought to characterize age.

PHYSIOLOGY OF ADVANCED AGE.

The characteristics of age being open to
ordinary observatiom, a popular term—
DECAY—is applied to the aggregate. This
word has a very wide and deep significa-
tion in science. It isthe province of physi-
ology to analyze and define it. As a gen-
eral expression, it is suitable both in sci-
ence and ordinary language, but it must
not exclude a careful attention to the
special phenomena it includes.

In order to render this section intelligi-
ble to non-professional readers, it is neces-
sary to make a few preliminary remarks,

Physiologists distinguish the textures of
the body from the proximate elements, or
materials, of which they are composed.
Flesh, bones, cartilages, membranes, ves-
sels, etc., the skin, the blood, the fluids,
nerve-matter, etc.—these are all made up
of a comparatively few materials : albu-
men, gelatine, fibrine, fat, together with
lime, potass, snda, magnesia, iron, chlorine,
and oxygen, in various combinations, and
a large amount of water—a compound of
oxygen and hydrogen.

It is with these materials that the myste-
rious principle, life, coustructs the textures
and builds up all the organs, compacting
them into one whole.

While life continues there must be a
constant influx into the system of raw ma-
terials, as food and air. These undergo,
in the stomach and lungs, changes fitting
them to become parts of the living blood
and textures.

The reduction of these materials into the
form of the proximate elements, and ap-
propriating them to build or repair the
various organs, is termed digestion and
assimilation. A highly complicated, curi-
ous, and beautiful mechanism is provided
for the purpose, which is the object of the
science of anatomy. Passing by the me-
chanism, we confine our attention to the
materials,

Every active motion of the body and
mind involves the use and destruction of
some part of the substances composing the
blood and textures. After fulfilling these
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uses they undergo changes, and are finally
excluded from the body (excretions).
During health there is a normal order, a
fixed and regular direction and manner, in
all these changes. :

Woe can distinguish two groups of ma-
terizls, and two series of changes. To one
group we apply the term nitrogenous, be-
cause the element nitrogen takes the lead-
ing part in them. The other we designate
carbonaceous, from a similar predominance
of carbon.

The materials containing nitrogen are
the nutritive parts of food ; thosein which
carbon prevails, the carbonaceous, are for
the maintenance of animal heat, essential
to preserve the due temperature for all the
actions. .

The latter, however, have an intermedi-
ary use. They become fat; and this aids
the mobility of the muscles, and gives ro-
tundity and beauty of form to the surface.

The pitrogenous matters, when used up,
pass out of the system chiefly by the urine.

The carbonaceous are thrown off for the
most part in the breath.

In the urine, too, the saline constituents
leave the system.

It can now be partly understood how any
interruption of the supply of food or pure
air, and how any disorder or disturbance
of the changes, the metamorphoses of the
constituents, or proximate elements of the
body, produce various diseases.

Let us now contemplate the condition of
a person in what would be termed good
health, who would, if interrogated, say,
‘“Iam quite well,”’ or perhaps, ‘I am as
well as I can expect ;> that is, free from
any overt discase, but who has reached the
age of say fifty-five to seventy, and is visi-
bly ageing. As compared with the con-
dition in youth or vigorous middle life—

1. The fibrine of the blood and tissues is
of a looser texture (i.e., less compactly or-
ganized).

2. The albumen 18 less perfect, forming a
feebler coagulum when heated.

8. The chondrin (i.e., the condensed gel-
atine of the cartilages joining the ends of
the bones in the joints) is less compact and
dense ; its spongy texture admitting
nodules of earthy matter to be deposited
in it.

4. The fat is more oily, softer, more
fusible.

5. 'The bones are more brittle, from a de-
ficiency of the earthy phosphates. (See
Note G, p.178.)

6. The blood is weak, watery ; its coagu-
lum less in amount ; its color is darker ;
its saline constituents more variable ; the
total quantity circulating in the blood-
vessels i3 less,

To these conditions of the proximate ele-
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ments and component parts are referable
the flabbiness of the muscles, wrinkled
skin, sunken eyes, furrowed face, droop-
ing features, stooping gait, diminished
acuteness of the senses, dimness of vision,
dulness of hearing, all more or less percep-
tible in advanced age.

That property of the textures in youth
whieh we call resilience, springiness, elas-
ticity, is lost in age. This fault, when
found in the lungs, tends to the frequency
of fatal congestion.

7. Nervine is the matter composing the
brain, spinal cord, and nerves. In the
nerves, nervine, sheathed in a skin-like
covering, is spread throughout the whole
body. Where we can best see it, which is
in the brain itself, we find it softer, yield-
ing more readily to any slight violence,
and visibly changed in appearance — a
change not easily described in words, be-
yond mere softening.

This matter of the brain and nerves is
the seat of feeling and all the senses, the
channel of the will and motory power, the
mysterious depository of all that is storcd
in the memory, and probably the agent in
all the mental faculties.

Mental diseases in their multitudinous
forms — paralysis (frequent in aged per-
song), obtuseness of the senses (taste, hear-
ing, sight, smell), follow molecular changes
in nerve-matter (nervine).

Such being the condition of the system
in advanced life, as to its materials, we can
readily understand how overt disease may
speedily arise in the several organs, appear-
ing to be spontaneous, and how readily dis-
ease may be excited by external agents.
(See Note H, p. 178.)

On the one hand, some one or more or-
gans will exhibit signs of degeneracy, mor-
bid feebleness, sluggish action, partial or
complete loss of power, softening or other
change of texture, failure of their func-
tions. This is pupularly termed decay.

On the other hand, susceptibility to mor-
bid influences from without; predispo-
sition to suffer from changes of tempera-
ture, particularly cold; to impressions
when exposed to even weak poisons, to
temporary fatigue, or to privation — all
these, and the like, are explicable on the
above physiological grounds.

Our state in advanced life may be re-
garded as analogous to and classed with
diatheses ; i.e., special tendencies or predis-
positions, such as we meet with and recog-
nize in every stage of existenee— a liability
to some one form of disease rather than to
others.

It may not appear very scientific or pre-
cise to speak of age, as to its internal char-
acteristics, as a diathesis ; but this is the
nearest approach to a correct definition for
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‘the purpose of comparison we can reach.
And something is ‘always gained when we
<an arrange any set of phenomena under a
general head or principle. The Registrar-
‘General’ groups together certain states or
rather diseases, under the generic term
diathetic; the general idea being of a
latent, subtle condition of the system
(diathesis), when occasional causes produce
peculiar trains of symptoms, and modify
ordinary diseases. L

We may therefore safely speak of the
senile diathesis; and this simple name may
not be barren of results, considering the
influence of words upon our inquiries and
conclusions. -

What of the indwelling lifeitself ¢ How
is this affected by lapse of time? It has
been supposed that a certuin amount is
implanted at birth, which is lessened or
enfeebled in age, and at length is worn out
and extinguished. The vital lamp is a fa-
vorite metaphor ; and life is assumed to
end as a lamp goes out, for lack of fuel.
It must be remembered that this is figura-
‘tive, and we must not push such analogies
too fur. It is true, there is alimited dura-
tion to every organized body—a time when
its life ceases ; but i. would seem to be its
teguments and env lope which weaken
and decay : to this the law of extinction in
time applies, rather than to the vital prin-
ciple itself. Hence, as we have already
noticed, few persons die of simple old
age ; and the vital, as distinguished from
‘muscular or molecular force, is very often
observed to be very vigorous in old people.
‘The idea of enfeebled vital power need not
1in any degree lessen our efforts to prolong

ife. 3

Delicacy of constitution, and sickliness
in childhood and youth, and even extend-
ing into middle nge, do not in all cases
prevent the attainment of longevity. In
rending the memoirs of distinguished indi-
viduals, who have lived to a good old age,
it is very comimon to find it stated that
they were remarkably feeble children,
‘The late Mr. Samuel Rogers, the poet, said
he never knew what health was until he
had attained his tiftieth year.

The fuct of the frequent longevity of the
inmates of unions and eleemosynary insti-
tutions, which is well attested, seems to
prove that hard labor, rough living, even
disorders of health in early and middle age,
are not an insuperable bar to the attain-
ment of ease and comfort at a later period ;
and a prolonged life may notwithstanding
be hoped for by persons who have experi-
enced such troubles in a better social po-
sition.

It is usual, when the lives of centenari-
ans are written, to meet the observation,
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that they had an eriginally good constitu-
tion ; but this is merely an inference from
the fact of their longevity, not from any
satisfactory evidence of their primitive
soundness and vigor. (See Note I, p. 178.)

HEREDITY.

Considerable importance is attached by
insurance societies to hereditary influence
upon the length of life in individuals pro-
posing to insure. To a certain extent this
may be judicious. We often find the mem-
bers of a family, even when numerous,
dying abont the same age. Diseases suflered
by parents appear in their offspring at a
time corresponding pretty closely to that
at which the former were attacked. Rob-
ert Southey noticed the curious resem-
blance of persons in age to parents whom
they were most unlike in early life.
Nevertheless, our inferences on this poin
may carry us too far. Many persons whoss
parents died young attain to a good old
age, and aged persons not unfrequently
survive all their offspring. The subject
still demands a rigorous statistical inquiry.
And when we find, as frequently happens,
elderly people indulging in gloomy fore-

 bodings because they have reached an age

equal to or béyond that attained by their
ancestors, we may confidently assure them,
that, so far from there being any law of
nature to support the opinion, it ought
rather to encourage and enforce the adop-
tion of measures for the preservation and
extension of their own life.

Hereditary discases there are, and every

hysician takes account of them in deal-
Ing with his patients ; but it is also cer-
tain that in many cases it is rather ex-
posure to the same causes of disease, the
same habits and occupations, which bring
about the resemblance in the results ; an
these, too, have to be duly estimated.

THE MEANS OF AMELIORATING AND VRE-
TARDING THE EFFECTS OF AGE.

The first item of advice we would offer
to persons who have passed the meridian
of life is, if possible, to secure for them-
selves mental tranquillity. The secylar
business of life, if it has been mainly em-

loyed, as it is with most of us, in obtain-
ing the means of living and provision for
ourselves and families, ought to be over as
soon as enough has been acquired to sat-
isfy reasonable wants and desires, to
securc contentment and quiet so far as
worldly possessions can give them. If,
with an adequate fortune, some object of
ambition has been pursued, with age should
come a calm retrospect, and estimate of its
worth. It is happy for a man who reaches
this gonl at the age of fifty or earlier. At
sixty, or as soou after as possible, our de-
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gires should be adjusted to our attainments
and means, by modifying the former rather
than attempting to better the latter by
hazardous or even by legitimate enter-
prises. At least, all mental anxiety or dis-
quietude should be carefully avoided. In
this country, indeed, there are very many
persons who never have any grounds for
an anxious thought. Born to fortune, and
exempt from ambition, they are neverthe-
less subjected to the common lot of hu-
manity—beset by troubles of another kind,
some real, some imaginary. Itis not the
idle and listless, who, in any marked
measure, enjoy the blessing of longevity.
Wholesome occupation and moderate
means are most favorable to long life,
which, as we have before remarked, at-
taches to the clergy, and to the female sex
pre-eminently.

This fact teaches us the next lesson,
namely, that gobriety is most congenial to
health and life. Experience fails to sup-
port the pretensions of the zealous preach-
ers of total abstinence from fermented
liquors. A judicious use of wine, the
quantity and quality being duly regarded,
is certainly beneficial in advanced life.
No rule can be given with any approach to
accuracy as to the kind and amount of
wine which is desirable : so much depends
upon previous habits. I, formy own part,
as a physician, greatly prefer to prescribe
the wine, and define the quantity, for an
aged patient who has been in. early and
middle age extremely temperate. If wine
or other stimulant has been indulged in ex-
cessively, it is rare, on careful investiga-
tion, to find a person at or beyond the age
of sixty-three entirely free from some
Camage in one or more organs. Still, such
damage, if not very considerable, admits of
reparation, when there is a resolute will to
abstain, or regulate the amount of stimu-
lants by the real needs of the constitution.

As to food, common-sense should suffice
for every one to observe the effects of any
course or article of diet, and to avoid any
which is felt to be injurious. Generally,
aged persons require a diet containing
most nutrition in the least bulk. Hence
animal substances should preponderate.
Generally they will have a preference for
mutton, poultry, game, and often for gela-
tinous food, rather than beef, pork, lamb,
or veal. And this preference is in accord-
ance with physiology. Farinaceous sub-
stances, although not excluded from the
role of diet, should be adopted sparingly ;
exceptions depending upon special con-
ditions, such as morbid leanness, disorders
of the kidneys, etc., which will be spoken
of below. We often witness grave errors
committed from want of correct informa-
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tion. For instance, arrowroot or some
form of starch, beef-tea, so-called concen-
trated foods, etc., are taken for the muscu-
lar debility common in the aged. Under
such a diet the weakness continues, and:
increases, often to a fatal end. In the gen-
eral defect of nutrition, some one organ
droops in function and becomes g -
organized, to the danger or loss of life.

As with the use of wine and stimulants,
the diet of aged persons must be regulated
by giving due consideration to their former
habits, present mode of living, pecuniary
means, and the like; but one rule may
be suggested, namely, to divide the amount.
of food taken into three or four meals,
rather than one large one (dinner usually),
in the day. A sense of fulness or oppres-
sion after eating should never be disre-
carded.

As the system in advanced life is more
amenable to certain morbid influences from.
without than in early life, it is advisable
for elderly people to be more watchful
against them.

A wholesome dwelling, well drained,
free from damp, its interior unaffected by
changes of temperature without, and ad-
mitting free ventilation when artificially-
warmed, are certain conditions of pro-
longed life. Nothing is so fatal to old
people as cold, and this is intensified by
the addition of moisture. Therefore,
when possible, a residence should be select-
ed in an elevated position, on a sandy or-
gravelly soil, where fogs are rare, and
where exercise, walking or riding, can be
taken in fine weather without getting
chilled or wetted. Night air, in our cli-
mate, ought never to be encountered. The.
evenings, if not the entire day, should be
spent in rooms moderately heated—not too
hot—and well ventilated. About 60° F.
is the temperature most congenial. The:
bedroom especially should be kept at this.
heat both night and day. A- glass house
for walking exercise during the cold of the
winter is a great comfort. Exposure to-
cold, with wraps about the throat and.
heavy clothing, should be decidedly avoid-
ed. Some people think it effeminate to.
have a fire in their bedroom in cold
weather : this is a great mistake. Both
for warmtk and ventilation no means have-
yet been devised equally advantageous with
an open fire and chimney ; and by the use
of certain species of coal, which burn
slowly without requiring to be stirred, a
tolerably equable temperature can be main-
tained through the night. When there is
no fire the chimney should be kept open
for the ventilation. Disturbed sleep, and
headaches in the morning, are common
conscquences of the use of a closed register.
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stove.

Of suitable clothing, varying with the
seasons, it is unnecessary to speak.

With other misleading advertisements
abounding in the newspapers, and trick-
ling down whole columns of the Z%imes in
particular, hot or Turkish baths are recom-
mended as infallible means of prolonging
life. With respect to the Turkish bath,
clderly persons should, I think, never use
it ; since it is extremely exhaustive, and it
is seldom they have any redundant muscu-
lar strength.  1f used, it should be very
rarely, an | only by advice of a physician.

Hot baths demand also great care. 1
have often known, and more frequentiy
heard, of cases where they have proved
fatal. When there are symptoms of head-
trouble—pain, dizziness, etc.—suddenly
depriving the brain of blood by immersion
in hot water, which causes the blood to
flow to other parts of the body, induces
cerebral collapse, and either immediate
death, or fatal paralysis, or stupor (coma).
For cleanliness, and to preserve a healthy
state of the skin, I recommend all old
people to employ hot water with soap and
flannel or sponge (the flannel is best),
using a moderate degree of friction. A
foot-bath of hot water, with the addition
of a tablespoonful of flour of mustard, is
very useful when there is fulness of the
vessels of the head, continued sleepless-
ness, or obstinately cold extremities.

The objections to the hot bath do not
apply to the employment of hot air or va-

or, the patient being in bed in a recum-

ent position. There are simple contriv-
ances by which this kind of bath can be
readity obtained without trouble. This
simple remedy is too often neglected in
cases where free perspiration so produced
would prove of great value.

A modified kind of shampooing—con-
sisting of friction over the skin, and knead-
ing of the deeper -textures, muscles, and
joints—is a very useful proceeding to re-
move the stiffness and immobility, and the
sense of fatigue after slight exertion, often
experienced. This process will often re-
move the pains in the loins besetting
clderly people, as well as impuart elasticity
to the limbs and agility to their move-
ments.

A tranquil mind ; well selected and ar-
ranged diet ; moderation in the use of wine
and other stimulants; exercise short of
fatigue in favorable states of the weather ;
confinement to 2 warm house¢ in cold or
wet weather ; well warmed and ventilated
sleeping apartments ; clothing adapted to
the seasons ; maintenance of the animal
heat of the body, particularly of the lower
extremities ; careful avoidance of external

influences tending to produce disease,
malaria, and the like ; judicious bathing,
to secure a healthy skin — these are the
principal points claiming the attention of
aged persons, even when enjoying the best
health.

To these must be added immediate: re-
course to the physician when any overt dis-
order or suffering is experienced.

My purpose is not to teach elderly people
to treat themselves when ill ; but, in the
following pages, to deal with infirmities
besetting them, which are generally borne
without an effort to obtain relief, being re-.
garded as either too insignificant, or as in-
evitable and irremediable evils. In some
instances such conditions or changes in the
system as would be sure to bring, in a
longer or shorter time, disorders and fatal
disease if neglected, arc shown to be amen-
able to simple and easily-employed meas-
ures.

The question may now be asked, whether
there is any probability, or even possi-
bility, of the discovery of a physical agent
capable of completely arresting the changes
in the system constituting ageing, or pre~
serving the integrity of the body and all
its parts with the vigor of youth and
middle-age up to the extreme limit of life ?
This question is by no means an idle one.
If, a few years since, it had been asked
whether it were possible for any thing or
process so entirely to suppress feeling that
the limbs conld be amputated without
pain, such a question might well have been
deemed visionary, and treated with con-
tempt. But the use of anmsthetics has
now Dbeen practised so long that their
effects cease to excite our wonder, although
they are really most wonderful. Not one
or two agents with this property, but
many, are now known.

Scientific ideas Tun long in grooves.
‘When a new line is struck and followed,
most unexpected discoveries are made. In-
ferences from analogy are easy or obvious,
yet they are often most prolific in results.
Inoculation of small-pox led to the dis-
covery of vaccination. When the nature
and properties of such agents as the ethers,
chloroform, chloral, and its hydrate, are
considered, together with their history and
the manner in which they became known,
we dre greatly encouraged to hope for the
discovery, at no distant period, of an
agent which shall effectually stay the
changes in the system incident to age; in
short, arrest the progress of what we call
decay Whether the mineral, vegetable,
or animal kingdom will furnish it, we can-
not foretell. Our knowledge of the action
of vegetable products on the human consti-
tution, extensive as it is, is yet only of &
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minute proportion of the whole. Vegetable
:substances exert a wide and various healing
influence. Opium, foxglove, colchicum,
belladonna, tobacco, tea, etc., are to a cer-
‘tain extent known. Thousands are par-
tially recognized ; but who shall say what
future experiment may bring to light?
(See Note M, p. 179.)

It is, however, rather to a comparatively
‘new class of bodies we look as the most
probable source of the great desideratum.
"The chemistry of tcrnary and quaternary
-compounds, formerly designated organic
chemistry, presents us with what is prac-
‘tically an illimitable number. To this
-class of substances belong the most en-
ergetic and manageable angsthetics ; and
«either by enlightened inquiry or as the
result of some accident, it is almost certain
:some of them will be found to exert a
‘powerful action on the living system. Al-
teady, out of the line of anesthesia, or
.narcotism, we have one of these artificially
prepared substances, which promises to be
-a remedy for that habit of body termed the
,gouty diathesis—a coudition 8o very fre-
-«quently issuing in overt and fatal disease.
(See paragraph on Gout, p. 150.)

By the combined aid of physiology and
-chewnistry, we are approaching very closely
to an exact knowledge of every kind of
imaterial (proximate elements) forming the
human body —their exact constitution,
«composition, and mode of formation.
Some of them can be made artificially in
'the laboratory, a certain proof of science
being on the right track. We may, there-
fore, look with confidence to these sciences
to investigate completely the changes in-
«duced by diseases which are most fre-
‘quently results of the intrusion of foreign
:substances with the air, water, or food,
into the processes of formation, sustenance,
cor decomposition of the natural com-
‘pounds.

The changes in ageing are consequently
not beyond our reach ; and it is probable
‘that a rational and scientific basis will be
daid erelong for completely arresting them.
While great energy and vast sums of
money are expended on experiments in
‘mechanics, electricity, etc., the means of
arresting disease and prolonging life are
left to haphazard individual efforts, sel-
dom or never rewarded.

Jenper’s case is singular. Philanthropy

is in complete subjection to fashion and -

precedent.  Still, I feel assured, if the
public could be brought to apprehend the
prospect of success by investigations insti-
tuted with the object of discovering the
means of prolonging human life, pecuniary
.aid would be forthcoming. It is only by
well-concerted efforts, and having detinite
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ends in view, that our present science can
be made available for the purpose. Ite
processes are very costly, both in time and
money ; but in a country where wealth so
abounds, the latter ought not to be the
obstacle. There are men, too, quite capa-
ble and qualified ; but they are necessarily
engaged in other pursuits, while most erro-
neous ideas on the subject generally pre-
vail. At some future time the indifference
and neglect of the present will excite re-
xark and wonder. ;

In the mean time we must proceed in an-
other direction, guided simply by experi-
ence and such analogies as may be found
and accumulated by observation. Much
has already been done, but very few have
the full benefit of the knowledge already
obtained.

A healthy and vigorous state of every
part and every organ is essential to the
health and well-being of the whole system.
And as ageing, or what is the same to our
means of observation, begins sometimes
locally, and sometimes over the system
generally, we first look for the local de-
generacy ; and, finding none to call for
special remedies, we address ourselves to
the entire system. We have many and
most valuable agents capable of invigorat-
ing and imparting tone to the whole. And
these, judiciously selected and combined,
and administered with a full knowledge
and control over the diet, regimen, and
habits of a patient, will greatly ameliorate
the effects, if not retard the advance, of
ageing. He must have had little experi-
ence who has not seen this influence exert-
ed by well-selected remedies.

The special disorders of the system, and
those commencing locally, will be de-
scribed in the sections following.

RECUPERATIVE POWER—YVIS8 MEDICATRIX—
LIFE.

We have one well-established fact,
Lighly encouraging in the research for
means to arrest ageing—a fact at once very
curious and instructive. Itis, that the nat-
ural healing or recuperative power termed
vis medicatriz nature, to which the physi-
cian and surgeon look in -patients at every
period of life as an essential element in
the success of their arts, remains in the
gystem in old people until a very great
age. By virtue of this power we see bro-
ken bones unite, the assaults of disease re-
sisted, and recovery occurring after con-
siderable injuries and severe attacks. And
it may fairly be inferred that the changes,
degradation, and decay in age are dis-
orders and unnatural incidents of that
epoch of life, inasmuch as we see the efforts
of this power exerted to resist and control
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them. (Sce Note F, é) 178))

Thus the tastes and appetite of elderly
people vary from those of youth and mid-
dle age, guiding the choice of food and its
amount, and to the kinds and quantity of
stimulants and other drinks. Animal food,
aromatics, bitters, the alliaceous tribe of
vegetables, are generally preferred ; and a
due supply, with other items of living,
tends greatly to check or keep the changes
of age in abeyance. The desire for mental
and bodily repose, sensitiveness to cold,
etc., point in the same direction.

Science has not at present obtained any
clew to the mystery of life. The difference
between a living and a dead or lifeless
thing is obvious enough. Wea recognize
life as an attribute of organisms—bodies
with a mechanical arrangement of their
parts, and in other conditions or states.
Life exists without sense or motion in veg-
etables, in seeds, in eggs; with feeling
and motion, but without thought, in many
animals, with instinct added in others, and
with superadded faculties in some ; only in
man associated with mind. Life in organ-
isms is an individual thing, special and
peculiar in every species. In the more
complicated animal structures there is but
one life. Destroyed in any considerable
part, it ceases throughout the whole.
There is no such thing as a diffused or gen-
eral life. In this itstrongly contrasts with
electricity, caloric, light, although there
is a certain analogy with it and these
bodizs or fcrces. They are, moreover, all
essential to the continuance of life ; but so
also is water, and more or less other mat-
ters of a grosser and ponderable nature.
It is as absurd and false to represent elec.
tricity or heat as being identical with life,
as it would be to identify it with water or

hosphorus or iron, or the materials which
1t animates. The term protoplasm has
been applied to material, not only always
Eresent with life asits invariable tegument,

ut imagined to be independent and sepa-
rate from organized species.

Inasmuch as we know,.as a matter of
fact, that life exists in connection only
with certain compound substances made
up of a few elements, we must take this as
an ultimate truth admitting no explanation.
We may call these compounds protoplasm,
ot bioplasm if we like ; but these terms ex-
plain nothing. People pretend to define
life just as our ancestors used to define
light, deceiving themselves with words.
Life is essentially something per se. It
cannot be transferred from species to
species, or individuals to individuals. It
is transmitted by descent. It flows in
species in the downward stream of time.
The individual dies; but the life which
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has passed from him to his offspring con--
tinues, and passes or from generation to
generation. Why two sexes are needed
for this continuance of life we know not ;.
but so it is. There is no subject on which
more nonsense has been written by men
having a reputation for science than this.
They prove thcmselves to be unacquainted
with the very first lesson taught by the
logic of science—not to confound resem-
blance with identity. Not to distinguisb
life from its teguments and appertainings
is to violate both science and common-sense.

For an individual life to continue in ex-
istence, the integrity of its envelope—the
body in which it dwells—must be preserved.
And the means we must employ to insure
its continuity and normal energy must be
directed to the body, its textures, its or-
gans, its processes, and actions.

These remarks are designed to dispel
illusions and false notions, now very prev-
alent, and besetting persons not versed ip
true science, and to direct attention to the
real and only method we must pursue te
promote human longevity.

WATER.

‘When it is considered how large a pro-
portion of water enters into the compo-
sition of our bodies — considerably more
than half our weight consisting of water—
and how many functions it performs dur-
ing life, it becoms evident that the ques-
tion of the purity or impurity of that which
is imbibed becomes of paramount impor-
tance in relation to health. The average
amount taken into the system by every in~
dividual, in some shape or other, may be
reckoned at about three pints per diem.

As the vehicle of the mtroduction of
many subtle poisons, it is now popularly
recognized ; and the pressure put by the
government and the press on companies
supplying water to towns is necessary, if
we wish the people to enjoy health. At-
tention directed to wells, and other sources
whence families are supplied, is demanded
from every one who has influence in the
matter. This is at present very partially
accomplished.

Much has been done tgward obtaining a
supply of wholesome water to the larger
towns. The greater part of the organic
matters formerly taken without a suspicion
of their injurious nature are now excluded *
and, by filtering ana other expedients, all
or most of the impurities suspended in
water are removed before it comes into our
households. So far well. But when we
are inquiring into the causes of premature
decay and susceptibility to disease, we
must needs look closer into the character
and properties of the water taken habitu-
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:ally for months, years, and decades.

After all possible precautions have been
taken to secure pure water, this is never
done perfectly. The least impure water
ever obtained still contains a notable quan-
tity of earthy matter—lime and magunesia
salts, soda, potash, etc. Hard waters con-
‘tain these in the greatest although variable
quantities ; and the effect of taking, say,
three pints daily of such water may be
somewhat appreciated by observing the
deposit found on the inner surface of the
vessels in which they are hoiled. In fact,
a quantity of these saline matters is taken
into the system quite sufficient to account
for many disorders, the origin of which is
otherwise inexplicable. It doesnot matter
what may he combined with the water, or
how it is treated — whether taken as tea,
soups, spirits, or beer — the earthy sub-
stances are there. The deposits so fre-
quently seen in the ligaments about the
joints, on the coats of the blood-vessels,
and about the heart, in old people, prob-
ably have come from this source. And
when we are discussing the question, how
to preserve and extend life in advanced
-age, the character of the water habitually
taken must be regarded.

The amount of lime, salts, and other
-earthy matter is greatest in spring-water ;
next in that from streams and rivers ; while
in rain-water, carefully collected in clean
reservoirs, there is little or none. But
rain-water is by no means free from con-
tamination : much organic matter is usually
found in it, and it readily dissolves sub-
stances of which cisterns are made, and
even the lead of the pipes through which
i flows. Iron is the least injurious constit-
uent found in water, and its presence is
very common. If the precautions against
injurious agents are perfect, they will in-
clude, not merely the use of the softest and
purest water supplied by Nature, but abso-
lute abstinence from any water except it
be distilled.

There is only one objection to the use of
distilled water, whether as a beverage, or
in tea, for cooking, etc.—namely, its cost.
This surely may be entirely disregarded by
most persons who are willing to incur some
amount of trouble and expense to secure
for themselves a long life.

It is true that distilled water is very
vapid and unpleasant when drunk without
admixture ; but a water-drinker may easily
make it, not only tolerable but delicious,
by saturating that used for drinking with
carbonic acid gas.  The apparatus for
making this gas and charging water with
it is simple and inexpensive, and the pro-
cess is easy. (See Note K, p. 179.)

In the report of the Water Bupply Com-
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mittee of the House of Commons, 1t is stated
that ¢‘ moderately hard water, the hardness
of which is due to the presence of carbon-
ate of lime, when used for drinking is not
injurious to health. Persons, however,
who are accustomed to soft water may
suffer by clLanging it for hard, and ovice
versa. But, when the hardness is due to
sulphate of lime, it is objectionabie.”

These statements do not invalidate my
opinion. The use of hard water for drink-
ing may not produce any immediate or
sensible bad effects, but the cumulative
effects of hard water drunk habitually for
years is quite another matter. Even car-
bonate of lime may then prove very injuri-
ous. (See Notel,, p.179.)

There is another suggestion I would
make, as to the use of water by elderly
people. It is, that they should occasion-
ally and often substitute pure hot water
with their meals for all other drinks, es-
pecially if any feeling of oppression and
fulness is experienced after eating.

Not lukewarm water, which produces
nausea and is disagreeable to the palate,
but water as hot as it can betaken. Water
at a temperature of 120° F. is very pleasant
to the taste, and congenial to the stomach.
It promotes the digestion and assimilation
of the food, and will generally, if taken
freely, supersede aperient medicines, while
it will equally correct a disposition to diar-
rheea.

If plain hot water should be imagined to
be inadmissible, add a small quantity of
some light bitter, such as is acquired by
pouring boiling water on a slip of dried
orange-peel, and allowing it to cool down
to the drinking-point. A little ginger in
powder or a few drops of the essence of
ginger, or a few grains of grated nutmeg,
are to some persons more agreeable than
bitters.

There is sold by druggists a concentrated
infusion of orange-peel, a teaspoonful of
which, added to a tumbler of hot water,
imparts a bitter very agreeable to most per-
sons. This saves trouble, and proves a
valaable promoter both of appetite and di-
gestion.

An eminent surgeon hasrecently amused
and surprised a large audience by express-
ing the opinion that the importance of ob-
taining pure water is exaggerated. He
regards 1t as a matter of indifference
whether we drink one kind of water or
another ; alleging that, as it can never be
found perfectly pure, a little more or less
of organic or earthy matter may be disre-
garded. We are so accustomed to have, in
popular assemblies, the strangest notions
arc paradoxes advanced, apparently with
no other view than to startle the werld,
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that we need give little heed to this, wrich
is contrary to all experience and reience.
The surgeon’s faith is in his kwife. Sup-
‘pose a chemist were to employ impure wa-
ter in hisinvestigations, what would be the
value of his results ? The human frame is
far more sensitive to che action of agents,
and its processes more easily disturbed by
the presence of foreign matter, even in the
‘minutest quantities, than any chemical
compound. Common-sense is adequate to
judge and determine this question.

MINERAL WATERS.

In all ages the water from springs, hot
«or cold, holding salts and minerals in solu-
tion, has been recognized as salubrious to
the healthy, and remedial in many diseases.

The subject of the composition of mineral
‘waters, and the value of any especial one in
the disorders of advanced life, is too large
ito be entered upon here.

Two cautions worthy of attention may be
given to persons past middle life, respect-
ing their use of mineral waters.

1st. In resorting to any spa or watering-
place, and adopting the use of the mineral
water, elderly people should consider—1.
The climate. 2. The effects of the jour-
aney. 3. The change of habits involved.
4. The exact nature and properties of the
water. The step should not be taken at
haphazard, or because commended by
others un the ground that they were bene-
fited by it. If A extols a remedy which
cured him, B should hesitate to employ it
-unless he is quite sure his own case is the
same.

2d. The next precaution may be best un-
derstood “by an analogy. A farmer finds
the soil of a field in a bad state, his crops
failing. He employs a dressing of lime,
and finds its effect great and satisfactory.
His crop, from that field, is doubled the
first year.© He employs another dressing of
the same kind the next year. He thinks
the land improved, but in a far less de-
gree. A third time he uses the same dress-
ing, and the result is a total failure. He
las inflicted a positive injury on his land.

In a manner precisely similar, an elderly
Pperson takes a course of mineral water, well
selected, we may suppose, for the purpose.
Its influence on the general decay which
has begun within his system is most favor-
able. He is invigorated, and rejoices in
the elasticity and vigor which it has im-
parted. The next year, of course, the rem-
-edy is repeated. There may be some good
producec?.

‘there no advantage derived, but serious and
even fatal consequences ensue.

The introduction of mineral salts into the
2.00d and tissues the first time supplies a

The third time, not only is _
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teal need : the very same mineral salts in
excess are deleterious, and really poisonous.
The life of the Emperor Napoleon III. was
evidently cut short prematurely by .just
such a proceeding with the waters of
Vichy. A city millionnaire, within my
knowledge, was recommended the internal
use of Seltzer water. Itsetfect was at first
extremely beneficial. He went on with it
to excess ; and the result was an injury to
the constitution, which proved fatal.

STIMULANTS— SPIRITUOUS
LIQUORS— WINE.

AND MALT

To the general remarks, page 6, the fol-
lowing may be added.

The advocates of total abstinence sig-
nally fail to produce evidence in support
of their opinion, that wine, beer, and all
stimulants, are inimical to health and lon-
gevity. Their bold assertions are of no
more soundness than the Bacchanalian
songs which represent wine as the panacea
for all human ills.

Science, common-sense, Holy Scripture,
and all experience testify to the benefits to
be derived from wine when used in mod-
eration and with proper restrictions. Malt
liquors may be regarded as equivalent to
wine. They contain some portion of stim-
ulant, with much real nutritive matter.

Iam speaking to elderly people; and,
as a physician, I say, a portion of good
sound malt liquor, be it porter or ale, taken
with the food, satisfies the appetite, and
prevents the repletion apt to follow a meal
of mcre animal and vegetable food. The
quantity, as a rule, should not exceed eight
ounces.

In replacing them with wine, especial re-
gard should be had to its quality. The
artificial mixtures called wines may be a
source of much mischief. If really good
wine can be obtained, ¢‘ the pure blood of
the grape,’’ the selection of the kind to be
preferred is of less moment. The light
wines of France are s:itable for six months
in the year only, in this climate. For the
rest of the year, good port has no equal.
The change from one to the other is also
beneficial. If those who have taken wine
liberally would gradually reduce the
amount to four, or even two, ounces of port,
sherry, marsala, or madeira, at dinner, they
would do well. The same amount for

‘those not previously accustomed to it, and

who, from debility, sluggish circulation,
or other reasons, adopt it, should never be
exceeded.

Sherries are too often sophisticated ;
marsala is much recommended as likely to
be pure and less acid. It is good to vary
the kin¢ taken. The number and names
of wines submitted to our chcice is legion.
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It should be a rule to avoid forever any
wine found uncongenial to the stomach or
to produce headache. (See Note N, p.
180.

It)’ls always best and most advisable for
all persons to abstain from the daily and
habitual use of ardent spirits. altogether.
They should be reserved for emergencies.
And it is wise not to refuse them when real
need arises.

A sudden indigestion, spasms, a chill
caused by exposure to wet or cold weather,
“emporary depression of the vital forces,
justify the use of spirits in proper quan-
tity ; and in such cases they are invaluable.

Elderly persons who in winter suffer from
cold feet, and find artificial heat applied
externally fails to afford relief, may with
undoubted propriety and advantage take
half an ounce to one ounce of brandy, rum,
or whiskey in hot water on going to bed.
The choice must be determined by the
effects. If a 'headache or foul tongue in
the morning follows, the inference is, the
spirit was impure, probably containing
fusel-oil. A very slight trace of this
noxious ingredient in spirits will, in some
constitutions, produce headache, as accu-
rate a test of impurity as chemistry can
employ.

here is a form in the British Pharmaco-
peia for a brandy mixture, intended for
use in the collapse occurring in many dis-
eases. Asall the colleges concurred in pro-
ducing that work, we may assume that a
large proportion of the physicians of Great
Britain approve of this occasional use of
ardent spirits. A pamphlet circulated ex-
tensively by the Temperance League
charges the profession with exciting and
abetting drunkenness by this use of spirits.
It maintains that we ought in emergencies
rather let our patients die than administer
alcohol in any form. Such fanaticism nenu-
tralizes all the arguments in favor of t. .l
abstinence.

CLIMATE, ITS EFFECTS ON LONGEVITY.

If the recorded cases of persons who
have attained to a great age, say ninety
and upward, are tabulated according to
the locality where they have occurred, it
might be concluded that climate has had
little influence. In every part of the world,
in every county and district in this country,
such aged persons have been and are still
met with. Against the acknowledged
longevity of those classes whose wealth
enables them to enjoy a change of climate
whenever they please, we may set the fre-
quent observation of the clergy, the female
sex, the pauper, all of whom are most com-~
monly obliged to spend their time within a
very narrow range of place.
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And yet it must be admitted we have
ample testimony to the great benefit to
health derived from a resort to milder cli-
mates during our cold, wet, fickle, and in-
constant winters. If, however, during this
season due precautions are taken by elderly
people, a rigid avoidance of exposure to
cold, damp, unfavorable winds, they will,
in most cases, do as well in England as
anywhere. Of course, in exceptional cases,
where some failure of a local organ, the
lungs and air-passages more especially,
already exists, a resort to a warm climate
may be advisable, The range of choice is
now—thanks to steam and rail—very wide.
Every quarter of the globe is available.
Fashion has ever been the guide, and prob-
ably will continue to be so. Without be-
ing able to give any very definite statistics
on the subject, I have a well-grounded sus-
picion that, in many places of resort for
change of climate, there are circumstances.
and conditions tending to counterbalance
their advantages, by exposing visitors to
forms of mischief different perhaps in kind
from those they would encounter at home,
but equally injurious and opposed to the
attainment of long life.

A really fair and impartial estimate of
the character of scarcely any of those re-
sorts is obtainable ; so many interests are
involved, concealments practised, and mo-
tives existing, to allure the stream of vis-
jtors, that the real facts cannot be ascer-
tained.

The refreshment of change to this place
or that, of immunity from the cares of
liome and business, the mild occupations of
the mind, and the bodily exercise usually
associated with the climate, greatly benefit
the young and the adult; although how
often do we witness one or more children
of a large family—and even an adult—giv-
en to these migratory habits fall victims to
some local and fatal disease ?

The choice of a place to elderly people in
search of health and invigoration must de-
pend upon their actual condition. This
should be well and accurately ascertained,
and suitable precautions observed to guard
against all local influences to which they
may be exposed in the place selected.
Thus we not unfrequently meet with pa-
tients who have brought home with them
the effects, or even the active poison, of
malaria (a very subtle cause of exhaustive
disease), rheumatism, urinary disease from
impure water or the too long use of acid
wines, and other diseases contracted in
some place resorted to for health.

Upon the whole, I am inclined to think
the majority of persons who have passed
the line of demarcation hetween adult and
old age would do best by making judicious
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arrangements at home for warmth, pleasing
occupation, exercise, and diet.

A residence in India and other hot cli-
mates appears to be not unfavorable to lon-
gevity, when no permanent damage is left
by the diseases prevalent there. It would
be interesting to know what proportion of
a given class, civilians for instance, escape
injury, and return to England with sound
constitutions. Those who arrive with the
traces of former attacks—fever, dysentery,
liver disorders, etc. — are exceptionally
amenable to remedies, the changed con-
ditions surrounding them being very favor-
able to a cure. Ihave known many per-
sons who have spent the greater part of
their lives'in India and other hot countries
who have reached a good old age.

DEVIATION FROM AVERAGE HEALTH IN
AGED PERSONS.

Let me repeat, it is not intended in this
work to treat of such diseases as would
naturally and commonly claim attention
and the assistance of the physician; but
such deviations from health as are gener-
ally neglected, from the notion that they
are insignificant, or necessary conditions of
age.

In like manner, although some medicines
or remedial agents will be spoken of, a full
account of their properties is not necessary
here. If more information is desired on
either branch of the subject—i.e., diseases
or remedies—the author would refer to his
volume entitled ‘‘ Household Medicine.’’

FAULTY NUTRITION.

The primary and fundamental condition
of the continuance of health is a supply of
food and its assimilation ; that is, its con-
version into healthy blood, from whence,
through the circulation, every part and
organ receives nourishment; ‘in other
words, material suitable for its sustenance
and repair. For in every part there is a
constant process of wearing away and res-
torat.ion ; and if the balance of waste and
repair is not maintained, disease quickly
ensues. \

Every one knows that several organs are
concerned in the process of nutrition—the
stomach, liver, pancreas, spleen, upper and
lower bowels. Certain fluids are formed,
with power to dissolve, mix with, and modi-
fy the food, until it mixes with the circu-
lating blood, and is endued with life. The
blood-vessels and lungs take important
parts in this business,

. When any of the digestive and assimila-
tive organs are enfeebled or diseased,we ad-
dress our means to their relief. In the sc-
quel, some of the disorders of these organs
will be noticed.
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Here we would observe there is a state
often seenin aged persons, evidently refer-
able to imperfect or interrupted nutrition,
and yet we are unable to referit to the fail-
ure of any of those organs in particular.

This state is a marked and evident gen-
eral loss of flesh, without suffering, often-
with pallor of the surface, especially no-
ticeable in the cheeks: with the obvious
attenuation, there is not unfrequently light-
ness of movement, cheerfulness, mental
clearness, good appetite, and easy diges-
tion, so far as the stomach is concerned ;
while all the bodily functions appear nat-
ural, the loss of flesh proceeds. Scmetimes
morbid sleepiness and undue fatigue after
moderate exercise will be observed.
Neither patient nor friends take much heed
of the change. Perhaps some modification
of the diet is adopted, and articles of food
are recommended which are entirely value-
less—arrowroot, beef-tea, Liebig’s extract,
or other equally wrong substance.

‘Whenever an aged person thus loses flesh
and color, attention should be given to it
in a sensible manner, even when apparently
in other respects well. Since, if it goes
far, the susceptibility to cold and other ex-
ternal influences, to assaults of ordinary
diseases, become greatly increased ; and
what would, in ordinary circumstances, be
a slight attack or injury, may prove fatal.

A considerable change of diet should im-~
mediately be adopted, and any habits cal-
culated to weaken the system abandoned.

The food and regimen to be adopted
must depend much on the manner of living
previously. As a general rule (and onmly
such a rule can be given), food rich in al-
buminous or staminal principles, such as
eggs, with solid but juicy and tender
meats, are to be recommended as the staple
articles.  Light wines, if before taken
habitually, or even more generous port,
sherry, or marsala, should be replaced by
good stout ; aerated bread substituted for
ordinary bread. It is true that the leat
employed in baking bread destroys to a
great extent the fermenting power of yeast ;
but something remains in bread made with
yeast which renders it more liable to un-
dergo changes, and with moisture and heat
to become more rapidly sour.

Fruit and pastry should be taken
sparingly ; and, as a diluent of animal
food, rice should be taken instead of pota-
toes. Green vegetables, either cooked or
raw, as they are eaten in salads, must be
selected in accordance with other consider-
ations. They supply potash, sulphur, and
iron compounds when duly digested.

Fluids should be taken sparingly (see
Water).

Another point should receive attention—
namely, the mastication of the food. of
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whatever kind, should be effected slowly
and completely. When the teeth are de-
fective, the dentist should be consulted, to
correct or replace the natural with artificial
ones. If this fails, the food should be
{ held for a time in the mouth, and moved
about with' the tongue, so as to get it well
mixed with the saliva. Even fluids should
be so dealt with. Merely chopping up
meat or vegetables very fine is insufficient.
The dissolving power of the saliva is very
great, and no one doubts its influence in
bringing about the changes necessary for
converting food into real nourishment.

Cold bathing should be abandoned, and
hot water with friction, by means of soap
and flannel, substituted.

Gentle exercise in warm weather is ad-
visable ; but cold air, especially when
damp or at night, carefully avoided.

In the condition desecribed, when loss of
flesh is noticed, the susceptibility of the
system to injury from cold is greatly in-
creased.

A considerable proportion of the day
should be devoted to entire repose.

Of change of climate I have already
spoken.

1f these, or similar means, produce a
favorable change, and flesh begins to in-
crease, there will be no need of drugs.

In some cases, some of the preparations
of iron are very beneficial. It must be re-
membered that iron is as truly an aliment
as albumen.

Cod-liver oil is fashionable for all cases
of leanness ; but its use by aged persons,
whose means allow of a free choice of ali-
ments, is unnecessary and hazardous.

A weak infusion of orange-pecl, cham-
omile, calumba, or other light bitter, with
a slight acidity imparted by dilute sulphu-
ric acid, is good and grateful. Sage, balm,
or wormwood tea have been in repute.
But a judiciously-selected diet, with the
other items of regimen described above,
are usually efficient.

LOCAL FAILURE OF NUTRITION.

Physicians have always sought for guid-
ance in the treatment of disease in the liv-
ing by the changes to be seen after death.
The disorganizations thus discovered are
the results of disorders when they have
done their worst. There can be no doubt
that there is a disordered condition prior
to, and the cause of, such morbid changes.

It is to the very first and initiatory symp-
toms our attention must be directed if we
would save life ; and these must be cor-
rectly interpreted.

‘With respect to the point before us, I am
certain that fatal disease of the kidneys

LONGLVITY.

(degeneracy as it is termed — Bright’s
disease), disease of the brain (softening, for
instance), and lesions in the structure of
other organs, are the results of a failure in
the nutrition of such parts. "'They do not
get, or they fail to appropriate, the mate-
rials from the blood essential to their integ-
rity and health. They shrink, shrivel, and
lose their power of action. " The root of
their troubles is in the processes of assimi-
lation. Hence the necessity of very close
and minute observation to detect the very
first indications of disorder in aged persons.

OBESITY.

The counterpart of the condition de-
scribed in the foregoing section is a ten-
dency, after middle age; to become too fat.
The popular expression applied to persons
of a rounded form, modérate embonpoint,
clear skin, and a ruddy color—that they
are ‘“in good condition’ — accords with
science. This condition is most commonly
accompanied by healthy internal organs, a
very desirable and hopeful state.

When fat is increased beyond a certain
limit it may be regarded as disease ; yet,
until it becomes burdensome, it is generally
disregarded. When it accumulates locally,
about or within vital organs — the heart,
liver, etc.—it shortens life. In elderly
people fat often accumulates 1n the mesen-
tery (this is the organ known in animals as
the flare), producing the prominent c-
pendulous abdomen.

It is a strange thing, although often
observed, that the public will receive from
writers, avowedly entirely ignorant of
medicine, suggestions respecting treatment
with more favor than from the scientific
physician. Hence the great popularity of
a pamphlet and plan of Mr. Banting for
the relief of obesity. Itwas, in fact, only
his physician’s advice related and expanded.
A proper regulation of the diet and exer-
cise will generally remove undue obesity.
All fatty matters, sugar, and starches,
should be avoided. Pastry, puddings, rice,
and farinas, strictly forbidden. Lean
meats, green vegetables, whole-meal bread,
salads, a free use of vinegar, soda or potass
water as the only beverage, except tea, and
this without milk and sugar-—these should
form the diet. Spirits, beer, potatoes, butter,
must all be abandoned. Vapor-baths and
occasional enemas of soap and water aid in
the reduction of fat.

Of course the physician car aid these

.domestic measures by medicines ; and it

may be safely affirmed that no one need
suffer long from the troubles incident to
obesity, if he or she will take the necessary
precautions and means of relief.
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PAIN.
‘THE USE AND MISUSE OF NARCOTICS.

The nerves, the seat of pein, pervade, in
the form of fine fibrils, every part and every
organ of the body ; proceeding from the
brain and spinal cord, as thin cords, they
pass to and spread through the various tis-
sues and cven the bones.

Pain arises from any kind of lesion,
whether external injury orinternal change.
It comes in every degree, from mere un-
-easiness to acute and unbearable agony, al-
most always accompanying discase of cvery
description.

The opinion has been held. that aged per-
'80ns are not so sensitive to pain as younger
people : my own observations do not per-
‘mit me to agree with this. Itis true, in-
dividuals differ at all ages in their sensitive-
mess and power of endurance. I have no-
ticed aged persons suffering most acutely
from slight operations, the extraction of a
‘tooth, or the prick of a lancet, while they
will often long endure dull though distress-
ing pain without seeking relief, under the
idea of its being incident to age.

This is at all times, and in all cases, an
«error.  If the nature and exact seat of pain
-are not at once discerned, if a remedy is not
immediately found, this should rather ex-
«cite greater care and more diligent search
for the means of relief.

Pain, wherever situated and of whatever
«degree, should in every person advanced in
life, be relieved ; and science has furnished
the means.

It may be first remarked, that local pain
‘does not dlways imply lesion, or disease in
‘the part where it 1s felt. This is one of
the phenomena of the sympathy existing
‘between different organs often remote from

. -each other. The sagacity of the physician
is often tested by his ability to refer accu-
Tately to the seat of disease indicated by
pain in a distant part.

There is much in the pains of aged per-
sons of great interest, in relation to the
question how life may be prolonged to its
full limit.

The process which, for brevity, I may
term decay, is, I am persuaded, almost al-
ways attended with pain. This decay, or
ageing, does not indeed go on simultane-
‘ously in-all parts of the body ; onc part, or
anore, may thus change before others, the
locality of the pain not obviously indicating
ithe part affected.

There is, however, very frequently, in
advanced life, a widely diffused pain in
‘the limbs, loins, back, and even affecting
‘the muscles of the chest and abdomen, to
which I think a proper designation has not
ibeen appropriated. I would call it
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pains which we constantly hear spoken of
erroneously as rhewmatic. Rheumatism
and rheumatic pains, in popular language,
stand for not one but many kinds of pain,
having different seats, different causes and
origin, and, if properly treated, must be
subjected to different plans of treatment.

Dolor senilis is of very various degrees of
intensity : sometimes it exists as a mere
general uneasiness or discomfort, often be-.
ing aggravated in bed, or on first rising in
the morning ; sometimes it becomes severe,
and it is the more severe kind which is
termed rheumatic.

Long observation and treatment of aged
persons have satisfied me that there are also
cases of this diffused pain, morc or less
severe, caused by the presence of poisons.
Calomel, or other mercurial salts, having
been taken for other diseases, and very
properly so, will, even years after, reveal a
lingering existence in the system, by pair,
often deep-seated, generally appearing to
be in or upon the bones. Pathologists
have recognized a chronic inflammation of
the covering of the bones (periostitis, as it
is termed), certainly referable, among other
causes, to the prior use of mercurials.

Malaria occasions similar diffused pains,
when it i3 received into the system in too
feeble a state to manifest its true character ;
i.e., failing to produce fever, agues, or
periodicity in attacks. The connection of
malaria with neuralgia, a term applied
more especially to pain seated in the larger
divisions of nerves, and running along their
course, is generally recognized.

True rheumatism and gout also may be
the cause of diffused pains, without any
overt or distinct revelation of their true
character.

There are, moreover,other states, termed,
for want of a better or more discriminating
term. cachezia, or bad habit of body, the
source of such pains.

It is of primary importance to distinguish
clearly these several cases—namely :

1. Simple age.

2. Mercurial or other mineral poisons.

3. Malaria. !

4. Rheumatism.

5. Gout, often termed rheumatic gout.

. Cachexia—undefined bad habits of
constitution. ;

It need scarcely be said, remedial meas-
ures of every kind must be selected appro-
priate to each. It is too usual to jump to
the conclusion, without very minute in-
quiry, that all pain in old people is rheuma-
tism—to try a variety of remedies at hap-
hazard ; and, on their failing, the suffering
is submitted to as inevitable.

No one so suffering, and failing from

(=]
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ignorance or carclessness to obtain relief,
can reasonably hope for a very long life.

NARCOTICS.

We nave a long list of medicines capable
of relieving pain of almost any kind tem-
poranly, termed narcotics, ealmatives, sed-
atives, etc. And very precious they are,
enabling us to afford relief from pain more
or less perfectly ; and, even if only tenipo-
rarily, when if becomes too severe to be
borne with patience, they cannot be too
highly prized.

These may—nay, must—be employed ; but
it should be with great caution, and always
bearing in mind that, for the most part,
they act by benumbing the seut or centres of
JSeeling, without touching or remedying the
source and origin of the pain. In all cases,
besides affording immediate relief by judi-
ciously selectéd narcotics, the nature and
cause of suffering should be -carefully
sought, and appropriate remedies, diet, and
regimen had recourse to. -

The vegetable kingdom has until recently
supplied us with these agents ; but most
remarkable and powerful ones have been
discovered among the artificial bodies pre-
pared by advanced chemistry.

The former arc: 1. Opium, its educts
and products —morphia and its salts,
codeine, nareotine, etc.

Besides these, there are preparations of
opium varying in properties and application
by reason of the vehicle in which it is dis-
solved, or some adjunet modifying its ac-
tion—laudanum, liquor opii sedativus, wine
of opium, confection of opium, etc. The
last of thesc is a modern representative
of compounds which had a great reputa-
tion for ages for the relief of suffering and
procuring sleep,under the names theriacum,
mithridatum, etc.

2. Tobacco. 3. Henbane.
donna. 5. Aconite. 6. Conjum. 7.
Cannabis Indicg. 8. Solanum nigra. 9.
Thapsus verbascum. 10. Veratrum viride.
11. Foxglove, etc.

The latter, d.e., artificial compounds,
are: 1. The ethers, of which there are
several. 2. Chloroform. 8. Chloral in
combination with water—hydrate of chlo-
ral. 4. Amylene, etc.

These, as well as the vegetable narcotics,
have severally special applications and
properties, no one being precisely like an-
other in its operation, or efficacy in reliev-
ing suffering.

It is pot surprising that, in order to ob-
tain ease and secure sleep, the use of par-
cotics should be adopted without medical
advice or sanction ; nay, that it should be-
come habitual, and pass into a vice scarcely

-
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less injurious than drunkenness. We cam
understand this misuse of narcotics while:
we deplore it. Let no one, however, sup-
pose that he or she who indulges in nar—
cotics to obtain a spurious ease will ever
attain to length of days. In the stupor so-
induced, many diseases march on to in-
evitable destructivn.

If there are any exceptions, we may per-
haps make them in favor of tobacco and
opium. Much has been written against
the use of tobaeco, but there are very few
cases where it can be charged faiily with
abridging life. In consequence of its.
power of calming nervous excitability, of’
rendering the mucous membrane of the air-
passages less susceptible to the influence of’
cold and damp, and the cause, whatever it.
may be, of influenza, it must, when used in
moderation, rather tend to promote longev-
ity. 1 have known very aged persons who-
have been smokers for the greater part of
a century.

With respect to opium and its numerous.
preparations, I concur fully in the eulogium.
passed on it by the late Mr. Skey, and deem
1t of incalculable value to old people. Of
course, its use must be guided by experi-
ence ; butI should little esteem a physician.
who has any prejudice against it. Em-
ployed judiciously, externally or internally,
it is a powerful remedy and source of com-
fort.

A very common trouble of elderly people
is an irritable state of the bladder, causing
a too frequent necessity for passing the
water, and sometimes very severe pain
after passing it. This is most effectually’
relieved by a few drops of laudanum ; but.
since this condition of the bladder is pro~
duced either by the presence of calculi,
gravel, or a morbid state of the urine, its-
cause should be sought, and proper reme-
dies employed, while temporary relief is
secured by opiates.

Again : nothing is more common than
irritable ulcers on the legs or other parts in
old people. Trifled with, or acquiesced in
for vears, they will seldem, if ever, resist.
the proper use of opiate preparations, ap-
plied locally. Such ulcers, and, we may
add, local irritations without ulceration,
beset many after middle life ; and I have:
seen them healed or removed, after exist-
ing many years, and in persons after ninety.
It is an error to suppose there is danger in
healing long-standing ulcers or skin-disease
by means of opium,

In spasmodic pains, whether of the
stomach (where they most commonly occur
from the presence of some indigestible sub-
stance) or elsewhere, ether or chloroform.
affords relief most readily.

Of bronchial irritation and painful cough.
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T shall *speak below, merely remarking
here that the proper selection of the
‘means of relief from the class of substances
we are speaking of is of great impor-
‘tance. ~ :

Pains and griping in the lower bowels
find immediate relief best from opiates, de-
manding, however, that the cause should
be sought and removed.

I would repeat, it is not my intention to
afford patients the means of treating them-
:selves for any overt attack of disease, but
:simply to indicate, firstly, the common de-
viations from health in elderly people, and,
gecondly, the direction whence the remedy
is to be found. One exception to this is in
the "diffused and oft-neglected pains de-
:scribed above as dolor senilis.

SARSAPARILLA.
There is one great and valuable remedy,

having a wide range of influence, which
I cannot pass by ; since,whether such pains

arise from the decay of age, poisonous’

taints in the system, cachexia, or, in fact,
anything except gout, it will afford great
-and often permanent relief. I mean sarsa-
parilla. This root, having no very marked
‘or peculiar sensible properties, has long
been recognized as a valuable remedy. It
is usually taken combined with otker in-
gredients, added rather to produce a pleas-
ant flavor than for any medicinal properties,
under the name of ** compound decoction.’’
‘There are people who hold that sarsaparilla
has no value as a remedy. They must
either have had no experience, or have
lbeen imposed upon. I have prescribed it

*for numberless patients, and have, in my
own person, proved it to be worthy of
its reputation. The following passage,
abridged from ‘‘ Household Medicine,’’ in-

. «dicates not only the sources of fallacy in
those who do not recognize its value, but
also the scope and conditions of its influ-
ence. The authorities in its favor are too
numerous to be named ; butImay mention
the late Sir B. Brodie as an author whose
views exactly coincide with my own upon
this point.

‘* One great advantage of sarsaparilla is,
that its use can be intrusted to the patient,
needing no watching or superintendence.
It holds, in fuct, an intermediate position
between food and medicine. Whenever
doubts have arisen respecting its value,
they are attributable to one of three causes :
1. Sarsaparilla has been improperly pre-
scribed ; or, 2. What is more usual, some

- worthless root or substance has been given
as a substitute for it; or 8. The caisa-
parilla used was bad and ineit. The Eng-
lish markets and shops abound in spurious
and worthless sarsaparilla ; and preparations
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are sold professing to be made with it
which do not contain a grain of the true
root. One reason of thisis, the genuine
and active root is expensive. . . . Sarsa-
parilla is, to use the words of Sir W. For-
dyce, the great restorer of appetite, flesh,
color, strength, and vigor to constitutions en-
feebled or emaciated by early excesses, by
acute diseases, or by tbe use of mercury.
Even in the failure of the powers, or pre-
mature ageing, arising from wear and tear
or over bodily or mental exertion, its re-
storative power is very great. In many
painful diseases, and what are termed bad
habits of body, it generally affords com-
plete relief. General as its use has be-
come, it deserves to be far oftener em-
ployed, particularly at the age (uncertain
as to date) when youthful activity begins
to flag, and the faculties of body or mind
are enfeebled, even without the existence
of any specific disease to call for it; but
as an adjunct to the diet proper to that
period of life. Persons who have resided
in hot climates, whether they have had re-
course to mercury or not, will find sarsapa-
rilla the best means of relieving the lassi-
tude and ennui from which they are apt to
suffer.

‘ When taking a course of sarsaparilla,
persons should wear flannel next the skin,
and avoid exposure to change of tempera-
ture or damp. We recommend, whenever
possibie, sarsaparilla should be taken in the
form of compound decoction, prepared at
home. The best Jamaica sarsaparilla only
should be purchased ; and the smaller and
more abounding in small fibres the better.
The virtue resides in the bark of the root.
When the fibres are removed, half the value
of the root is gone. Still it is necessary to
be cautious in the purchase, as it is cer-
tain that the roots, after having the greater
part of their extractive matter removed by
soaking in water and boiling, are dried and
sold to be retailed to the public. When
the decoction cannot be made at home, or
when required in travelling, the compound
decoction concentrated, and especially a
hydro - alcoholic concentrated decoction,
prepared by a conscientious chemist, may
be substituted.”’ ’

Besides sarsaparilla we have many sub-*
tances called medicines, which should
rather be deemed articles of, or adjuncts
to, diet, with no mean powers as restora-
tives and tonics, and which are capable of
materially retarding the changes incident
to ageing. These must be selected, com-
bined, and their use directed according to
the condition of the individual for whom
they are prescribed.

Iron, in some of its combinations, as we
have said, enters into and performs very '
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important functionsin the natural processes
and compounds forming the blood and
tissues. Other substdnces alien to the sys-
tem—that is, not supplying any element in
the natural composition of the body—un-
doubtedly cxert a highly genial influence
in the debility and disorders of age. An
exposition of this subject, however, be-
longs to a work on the science of medicine.

GOUT.

The place for remarks on this disease is
assuredly here, under the more general des-
ignation pain. A very painful disease it is
in its overt state, and few persous suffering
from it will fail to have recourse to the
physician. We happily possess medicines
able to afford relief. Colchicum, in one
form or other, is almost invariably em-
ployed, whether it bein a secret compound,
as eau médicinale, eau de Husson, or in the
orthodox prescription. Gout, as it exists
in an open and acute attack, however, it is
not my purpose to speak of beyond a single
remark, namely, that as an adjunct to the
specific drug, evacuating the bile-ducts by
a dose of podophyllin is a most beneficial
measure.

The reports of the Registrar-Gencral have
reversed many a popular maxim, and de-
stroyed illusions respecting diseases. In
the last report, issued for 1873, geut is
found to destroy more lives directly than
strong drinks—the number of deaths from
gout exceeding those from delirium tre-
mens ; and indirectly, as the Registrar ob-
serves, many deaths referred to other causes
are doubtless due to gout.

Mr. Farr, the eminent secretary to the
Registrar, applies to gout the designation
diathetic disease: what is meant is, that
gout exists in the system for a time in a la-
tent state, as a condition, not necessarily
exhibiting any symptom of disease, either
general or local.  ‘* A gouty constitution”’
is the popular expression for this. Some-
times, indeed, it reveals its presence to an
experienced observer by shifting or wan-
dering pains (erratic gout) ; but these are
easily mistaken for pains of a different
character, if occurring before an overt at-
tack has been experienced. As is well
known, acute disease of a very painful and
peculiar kind may show itself in such con-
stitutions at any moment, either altogether
spontaneously, or excited by some acci-
dental circuxstance, The toes, fingers, ot

' other parts of the feet or hands, are
usually the seat of the first attack.

After a first overt attack of gout, we may

! be sure there is the gouty diathesis ; and
| it is now certain that it is a frequent cause
~ oJ the premature abridgment of life.
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Gout is usually attributed to high feed-
ing and luxury. Thisis by no means uni-
versally true. It occurs, perhaps, more
frequently in persons who have indulged
to excess in the pleasures of the table ; but.
the taint may be hereditary, or it may be
generated by a low diet, and abstinence
carried to extremes.

The question for us here is, Is there any
remedy for the gouty diathesis ? A proper
regulation of the diet is, of course, indis-
pensable ; and to this is commonly added
the free use of alkalies, potass, soda, and
lithia, or the alkaline earth magnesia, or
the oxide of bismuth. These, either as
medicines or in mineral waters, are em-
ployed ; because in gout there prevails an
acid in the system—uric acid—and they
serve to neutralize acids. Some slight
amelioration, perhaps a prolongation of
the intervals between the attacks, attends
at first the use of these alkalies ; but sub-
sequently, as many medical authors allege,
and by their continual action, they aggra—
vate the disease.

There is one vegetable remedy which has.
a reputation for relieving the gouty consti-
tution from the pervading poison. It was.
known and employed long ago, but, like
many other remedies, has slipped from the
books of the colleges, and therefore from
practice. This was also for a time the fate
of colchicum. The value of colchicum, as.
a means of relieving overt gout, was known
to physicians two hundred years ago ; was
forgotten, and only came into use again by
being made a secret medicine of. Sir H.
Halford has the merit of its rediscovery in
recent times. In like manner the winter
cherry (physalis alkakengi) is said to be the
active ingredient in a patent medicine re-
puted to obliterate the gouty constitution.

The very name of the winter cherry, as.
well as its use as a remedy, was forgotten
until I gave a brief account of it in ‘* House~
hold Medicine,”’ in 186%. Since then it
has been in a few instances employed, and
found to deserve its ancient reputation.

To any reader of this book who has giv-
en attention to the recent progress of sci-
ence, it will be no surprise to learn that
there is good reason to hope that a remedy
has been discovered, which, at no distant
period, will reduce the number of deaths.
from gout very greatly, if it does not en-
tirely obliterate this item from the Regis-
trar's list. How soon it may berecognized,
and brought into use, it is impossible to-
predict. In the year 1800 a great chemist.
announced the discovery of an anwsthetic
—an agent having the power to rencer the
human bodv insensible to pain under sur-
gical operations—namely, nitrous oxide, or
laughing-gas. Teeth could be extracted.
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limbs amputated, without giving the
slightest pain. Sixty-eight years elapsed
before it was adopted by surgeons. In the
mean time other anesthetics were discover-
ed—ether, ¢hloroform, etc.; but these also
were known many years before adoption.

Again, chloral was discovered in 1832,
by Liebig ; nearly forty years passed ere it
was used to procure sleep, for which it is
now found to be so valuable.

How long it will be before sarcosine, the
substance alluded to, and described by
.German physicians, comes into fashion for
the cure of gout ¢

RHEUMATISM.

Acute rheumatism, or 1heumatic fever, a
very formidable disease from the amount
of suffering it entails, commoniy attacks
persons at an earlier age than the epoch we
are considering. It is very apt, however,
to leave serious damage in the system after
its acute symptoms have subsided, which
lasts in many cases through a whole life.
One of its effects is a tendency to more o1
less frequent attacks of chronic rheuma-
tism. This may be termed rheumatic dia-
thesis. In whatever it consists—whether
a poison is generated, ora change wrought
in the tissues by the acute disease—it too
often lingers into old age. I have already
mentioned that other painful states in
elderly people are very commonly con-
founded with it. Hence the confusion and
contradiction we constantly meet with re-
specting the effcct of remedies. If a pa-
tient suffering from diffused pains in the
muscles, joints, etc., has experienced at
some former period of life an attack of
rhenmatic fever, it affords a presumption
that his present pains are rheumatic. The
locality of the pains, when they are par-
tially or wholly localized, helps the diagno-
sis, 'What are called the fibrous textures—
the ligaments and .coverings of the joints,
the sheaths of the muscles—are the most
frequent seat of rheumatic pain. The coats
of the nerves, too, are doubtless sometimes
affected ; and then the pain closely simu-
lates neuralgia from malaria or other causes.

The treatment of chronic rheumatism, as
it attacks elderly people, may be most
effectually directed to the locality of the
pain. Stimulating and sedative embroca-
tions and fomentations are of much value.
Many internal remedies are reported to be
useful, and justly so ; but they are not dis-
criminated with sufficient accuracy, any
more than the distinction between rheu-
matic and other pains. The general re-
marks I have ventured to make on pain as
inimical to life, and its tendency to abridge
its duration, are as much applicable to
rheumatic as to any form of pain. from any
cause, or of any other nature,
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LUMBAGO.

This disease consists of a condition of
the musecles of the loins in which any mo-
tion is attended with acute pain. It oc-
curs far more frequently in adults while in
the full vigor of life than later. It is in
many medical works confounded with rheu-
matism ; but it differs essentially, and by
very well marked symptoms.

The attack of lumbago is most frequently,
especially a first attack, sudden: an un-
usual movement, stooping to lift a weight,
a fall, a blow, or the like, is followed at
once by severe pain in the lumbar region,
with inability to move, to walk, to turn in
bed, to rise from a sitting posture, to stand
in an upright position, without aggravating
the suffering. It may go off as suddenly,
or continue a few days, or even weeks. It
is not attended with fever or disturbance
of the natural functions ; it does not even
prevent sound and refreshing sleep ; but,
on waking, the patient is scarcely able to
turn in his bed.

Narcotics are, therefore, not called for.
To the ordinary treatment—mustard and
linseed poultices, or hot fomentations to
the loins, with a mild aperient—I can add
one item of great use.

Let the patient resolutely leave his bed,
place himself back to an upright wall, and
lift himself gradually erect, ard then walk
about. The process is a painful one, but
possible, although the sufferer is often
difficult to persuade; yet, when accom-
plisheaq, it is efficient.

LIMIT TO THE USE OF NARCOTICS.

I would repeat, in order to make the
opinion more emphatic, that narcotics
should be employed, for the most part, only
as temporary expedients to afford relief
from suffering : they are at best but pallia-
tives, and they may obscure the real dis-
ease which is causing the pain. The relief
they afford should never exclude close in-
vestigation, and immediate resort to the
measures and remedies appropriate to the
special disorder discovered to be the source

of the suffering.
i

THE STOMACH AND DIGESTION.

It has been remarked, by writers on med-
icine, that elderly people are less frequently
subject to indigestion than the young and
middle-aged ; and, when this disorder is
met with in the latter, it has a different
character. This may probably be partly
ascribed to greater care in the selection
of food, more moderation in the quantity
taken, better arrangement of the time of
meals, and the habit of taking more repose
after eating than young persons allow
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these circumstances being guided by expe-
rience.

The appetite is generally more regular,
and the action of the stomach upon the
food (the first stop in digestion) nore per-
fect. I am inclined to regard these facts
as indications of a power in the system (vis
medicatriz) to check the tendency to de-
cay, existing in all its parts—the recupera-
gve power, without which every disorder

ould run on its course to the destruction
of life.

Elderly persons should not take one large
meal in the day, as they are apt to do, but
make at least three lighter repasts. Sleep
after dinner may to some extent compen-
sate for the error when committed.

Any degree of oppression after eating
should be avoided rather by taking a
smaller quantity, and the omission of the
less nutritious articles of food—fish, pastry,
potatoes, or other vegetables, even bread
—and making the meal of the more nutri-
tive, rather than seeking relief from stimu-
lants. If, guided by appetite, flesh meats,
etc., only or mainly are taken, and oppres-
sion or other symptoms of lack of power in
the stomach occur, instead of soda or other
alkalies, relief may be sought by a com-
paratively new remedy supplied by science,
namely, pepsin. Alkalies should never be
indulged in without good advice, and after
the conditions of the system gencrally have
Teceived attention ; nor should pepsin,
without first diminishing the amount of
food to a fair quantity of animal sub-
stances, flesh meats, poultry, game, ete. It
should not be used to force through the
stomach a large amount of incongruous
matter, more than the system needs.

Every part, however, demands sustenance
and reparation ; and therefore loss of ap-
Petite cannot in aged persons be neglected
with impunity. Itscauseshould be sought,
and remedies applied, as inall cases of dis-
ease, without delay.

THE LIVER AND LOWER BOWELS.

These organs perform two functions
equally important to the maintenance of
health—assimilation of food, and extru-
sion of worn-onut and effete matter.

Olc. people are said to give too much and
too exeiusive attention to the state of their
bowels. This can scarcely be, since a cor-
rect action of the liver and lower bowels is
essential to health and comfort. Without
entering into the physiology of the former
organ, it is readily understood, (1) That
bile in sufficient quantity must be formed ;
and, (?) That there must be a free channel
through which it can flow, to reach the
food as it leaves the stomach. 1n both
these respects there is apt to be a partial
failure. Either bile is not formed, and its
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constituents remain in the blood ; or, from
diminished elasticity of the vessels, it does
not flow through them freely. They re-
main full ; the stools have not the natural
color; and besides this symptom, if the
eye is examined, its white coat, the sclerotic
is seen to be tinged with a greenish or yel-
low color.

This arises from the bile being absorbed.
and carried into the circulating blood. A
very small amount may be thus detected
but when much is diverted from its natural
channel, it will be seen in the urine ; and,
if not diverted from this abnormal course,
the skin becomes yellow, and the disease
is now termed jaundice. This may arise
from obstruction of the gall-ducts by mere
inspissated bile or from gall-stones. For
jaundice the aid of the physician will be
sought ; but the less obvious foims of this
trouble are not unusually neglected..

Other sufferings flow from it—low spirits,
melancholy, nervonsness, sleeplessness, and
often pain more or less severe, with a sense
of weight, in the back of the neck, head,
or shoulders. This is another form of pain
erroneously called rheumatic.

Formerly the remedy resorted to was
mercury in some shape. Blue pill and
black draught, so popular from the prescrip-
tion of the late Mr. Abernethy, were taken
in all the various cases and symptoms in-
cluded in the term ‘ biliousness.”” This
plan, it must be admitted, usually affords
temporary relief ; but all experience testi-
fies the undesirableness of introducing mer-
curials into the system when they can be
avoided, and the inexpediency of frequent
doses of black draught.

For the last few years we have happily
possessed a substance, derived from the
vegetable kingdom, having the remarkable
power of acting upon the liver, in doses of
varying amounts, stimulating or correcting
its action, and evacuating the bile-ducts,
without any injurious or long abiding con-
sequences.

A single dose of it will afford relief, and
clear off the clouds of melancholy or depres-
sion of spirits besetting the mind. And
when there is no organic disease, as the
tause of jaundice, it is a speedy and safe
remedy for that disorder.

Podophyllin is a resinous extract of the
rhizome, or underground stem (in common
parlance, the root) of the May-apple, Podo-
phyllum peltatum, a plant growing abun-
dantly in many parts of America.

Podophyllin was introduced to the pro-
fession in this country by me in ‘‘ House-
hold Medicine,’” and in three papers pub-
lished in the Lancet, February 224, March
15th, and April 19th, 1862. Since then it
has been employed very extensively in this
country, in India, and indeced all over the



world. It has been inserted in the British
Pharmacopceia.

Thus I have the great satisfaction of
knowing that thousands of sufferers have
been and are daily deriving benefit through
my efforts, to whom my name is unknown.
The quantity of podophyllin now prepared
by manufacturers in this country, besides
that imported from America, is immense;
although the dose is very small, ranging
from § of a grain to 2 grains. As an alter-
ative and means of evacuating bile, it is
unrivalled ; and, as a consequence, much
mental depression and inquietude vanish
before it. It acts like a charm, often in a
single dose. ‘I would not wish to live,”
said a sufferer, an old retired medical man,
¢“if T had not podophyllin.”

Nevertheless, it ought always to be
‘taken, when needed, under skilful advic
as to quantity and frequency. i

In some cases of liver disorder, taraxa-
cum (common dandelion) is very useful.
Like sarsaparilla, this plant is rather die-
tetic than a medicine. Again, in hepatal-
gia (liver-ache) we have in buck-bean,
Menyanthes trifoliata, a remedy which is
also a general tonic and restorative.

THE LOWER BOWELS.

A Qdaily easy action of the lower bowels
ds the best condition of these organs for
the maintenance of health. It is raiely
that tobacco - smokers suffer from consti-

ation, especially if indulged in after
‘breakfast. A little careful attention to diet
‘will generally serve to regulate the action
of the bowels. 1If, inspite of all care, con-
:stipation is suffered, an enema of warm
water, in which a little soap is dissolved,
Jjs the best mcans of rclief. The practice
-of taking pills of which the constituents
.are unknown, and advertisements of which
1eem in the newspapers, cannot be too
strongly reprobated. If you have any re-
.gard for your health, and desire to enjoy it
permanently, persistently refuse to obtain
momentary relief by such means. Very few
practitioners would fail, if consulted, to
relatemany instances of great injury caused
by the habitual use of advertised pills. If
a person’s own efforts do not secure the
needed purpose, consult a physician as to
the most suitable aperient for the special
-case.

Elderly people often suffer frum flatu-
lence. This usually depends un the food :
either too much is taken, or some article
which must be abstained from. Legumin
.ous vegetables—peas, beans, lentils (reva.
lenta, as it is called)—in most persons pro-
«duce offensive flatulence. Soups, and even
- ‘beef-tea, will induce it in some persons.
‘When, however, flatulence becomes habit-
wal, and does not cease on change of diet,
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it indicates a more serious cause—a failure
of power in the intestinal canal—and de-
mands a full investigation as to its locality,
and energetic remedies for its relief.

THE KIDNEYS AND URINE.

The removal of waste and effete mate-
rials from the system in the way and
through the chanuels appointed by Nature,
is of equal importance for the preservation
of health as nutrition.

A variety of compounds and salts dis-
solved in water are separated from the '
blood by the organs well known as the
kidneys. This fuid is the urine.

The bladder is the receptacle for the
urine secreted by the kidneys, where it is
retained until it can conveniently be ex-
pelled. The office of the bladder, there-
fore, is mainly mechanical. The knowl-
edge of the formation and properties of the
urine, as it proceeds in health and is modi-
fied in disease, belongs to a very advanced
chemistry.

This science has accomplished much for
physiology ; but its applicatioun to pathol-
ogy is yet in its infancy. At some future
time it is highly probable important dis-
coveries will be made respecting the renal
secretion, greatly modifying the duration
of life. In the mean time, proceeding on
scientific grounds when we can, observa-
tion and experience will serve the purpose
to a limited extent.

SIMPLE OVERFLOW OF URINE,

There is scarcely any circumstance pre-
monitory of impending trouble in old
people more frequent than this and other
obvious appearances in the urine. Many I
have afterward to notice follow upon the
simple increased quantity so closely as to
cause this first step to Dbe unnoticed.
Hence some physicians, who see cases after
they have been neglected and have made
some progress, doubt the existence of this
simple overflow.

In a state of health the amount of urine
passed during the twenty-four hours should
very nearly correspond with the fluids
taken with the food, so as to maintain an
equal balance between the loss and supply.
Some deviation from this to a limited ex-
tent, however, is not inconsistent with
health. The quantity passed is usually
greater in cold, less in hot weather, obvi-
ously because the temperature affects the
amount of fluid which transpires through
the skin as sensible perspiration. .

In advanced life, passing larger quanti-
ties of water than is natural often occurs
when there is otherwise no such marked
deviation from health as to cail for medi-
cal advice. The bladder filis frequently,
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and must be emptied, that seems all ; but
the night’s rest 1s disturbed, and when it
increases to a considerable and noticeaple
extent, the circulating blood becomes
thicker, the surface looks dark, the com-
plexion lurid, the muscles and other tex-
tures become dryer. Languor, a sense of
weariness, even after long repose, and, on
rising from bed, stiffness of the limbs, will
be experienced. Therc is in some cases
much thirst ; in others, very little.

I think simple dysuria, as this is called,
docs not cause thirst. 'When there is much
thirst, some of the changes mentioned in
the sequel are beginning.

People wonder where the water comes
from. This is no mystery. The greater
part of what we call solid foud is made up
of water. Our own flesh and blood are
mostly water.

In health, the water contained in the
solids taken .as food, termed in science
constitutional water, ncarly balances the
amount removed in the processes of organic
change in our own flesh and blood. When
the latter lose the water necessary to their
healthy condition, the other and more solid
parts begin to change and decay, i.e., run
mto disease.

Dysuria, or simple overflow of water, is
analogous to diarrheea. It may be checked
and remedied by change of diet and sim-
ple remedies.

There is a group termed diuretics—med-
icines prescribed for the purpose of increas-
ing the flow of water when it is deficient
in quantity. Among these, therc are some
which act both ways : they increase or di-
minish the flow according to the condi-
tion of the kidneys, by imparting tone or
bracing the fibres of those organs, and so
inducing a hcalthy state, when their func
tion of separating water from the blood is
duly performed. 3

The change of diet should be first: if
malt liquors have been taken habitually,
they should be left off, and a moderate
amount of wine substituted. A glass of
port with two meals in the day, and about
four ounces of water. If dysuria occurs in
a wine-drinker, reverse the change, and
substitute good stout for the daily wine.
If tea or coffeec has been the custom,
change them, or altogether disuse hot
fluids, and take claret and cold water.

Soups and fish should be avoided.

Green vegetables supply certain elements
—potash, sulphur, etc.—to the blood and
juices, and greatly tend to maintain a heal-
thy condition. In the case before us, the
onion tribe are real remedies. Onions,
leeks, eschalots, garlic, freely taken, will
often arrest the overflow. An onion eaten
raw at night is most efficient. 1f this is
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considered toc coarse an article for food,
the doctor may prescribe squill (one of the:
same tribe) as physic. I preferthe former..
‘Water-cress, garden-cress, and mustard, in
salads, asparagus, and especially the
girasole, all act as tonics on the kidneys.
Potatoes should be entirely abandoned.

Such are the means the patient may use
for himself ; but medicine furnishes many
more.

This simple inordinate flow of urine
which I have described, and which is so
readily remedied, often, if neglected, issues.
in, if it does not sometimes begin with,
something more serious. The urine may
be loaded with albumen (Bright’s disease),
with sugar (diabetes), with phosphates (salts
which produce irritable bladder and stone)
or with oxalic acid (oxaluria). Let us
take first :

ALBUMINOUS URINE.

Albumen enters into the natural consti-
tution of most of the tissues and organs.
‘While all the processes are healthy, it is
transformed into urea, and is thus removed
in the urine. When it escapes as albumen
through the kidneys, there is much that is
wrong in the system, and serious disease
will manifest itself somewhere.

This escape of albumen is seldom ob-
served at its commencement. The redun-
dant flow of urine not being attended with
suffering, merely with inconvenience, is
allowed to proceed unchecked until much
debility is felt, and often until the feet be-
gin to swell. Then the physician is called
in ; and, if he examines the urine, the mis-
chief is discovered. The way to find al-
bumen is to boil a portion of the urine in
a glass tube or silver spoon, when flakes of
coagulated albumen appear. To detect
minute quantities, a few drops of nitric
acid are added to the urine before boiling.

An aged person passing too much water,
and feeling himself growing rapidly weak,
may test the urine for himself.

The late Dr. Bright gained great celebrity
by examining the kidneys in cases which
had proved fatal : he found these organs
palpably diseased. The change in the
structure of the kidneys was regarded as
the cause : they are said to be degenerated ;
and the complaint is now known as

_‘“ Bright’s disease.”’

Now, there is no doubt that the altera-
tion in the kidneys is one effect of a gen-
eral change in the albumen in many or all
parts of the body. It is the soluble albu-
men pervading the lungs, muscles, and
tissues generally. which is undergoing
a change — degradation —an abnormal
change, instead of passinginto urea. This
is proved, first, by the general debility
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which accompanies the escape of albumen
secondly, by the effusion of water into the*
tissues, that is, dropsy, its immediate con-
sequence ; thirdly, by the nature and ae-
tion of a remarkable remedy recently dis-
covered.

1f, when the outflow of albumen is first de-
tected, there are no serious changes already
advanced in any important organ, the dis-
ease is amenable to a decided or simple
course of diet, which is the remedy alluded
to.

Hence the importance of attention to the
urine if it be habitually redundant, and the
simple means described above have been
used, and fail to check it.

A happy thought occurred to a German
physician, when  reflecting on the subject
of certain incurable diseases. He conjec-
tured_that a great and beneficial change
might be wrought in the constitution by
complete abstinence from every article of
food usually taken by adults, and returning
to that on which alone the rapidly-growing
body in infancy is fed. He tried it in a
variety of cases, and, to his own surprise,
he found it strikingly successful in albu-
minuria, or Bright’s disease, in all its
stages, cven in some where it had brought
on dropsy.

This remedy consists in living for a time
exclusively on milk: and it has been
adopted with marvellous success in this
country. Pure milk, with the butter, that
is the cream, carefully removed—skimmed
milk, in fact. This method of treatment
has been called the ‘¢ milk-cure.”” 1t has
nothing of charlatanry atout it. Its action
is explicable on the pinciples of the sound-
est science. It accoids with physiology.
Human milk contains very little fatty mat-
ter, and skimmed cow’s milk closely re-
sembles_it. The effect of thus returrin
to the simple. nomrishment of childhoo
strikingly and beautifully illustrates the
chemistry of the living body.

As Bright’s disease is one which cer-
tainly and rapidly proves fatal under ordi-
nary circumstances, and, indeed, the idea
of its being a hopeless discase in the kid-
neys tends to its being usually treated only
by palliatives, it becomes of great impor-
tance, now that an efficacious remedy ha¢
been discovered, that it should be used
properly, and under skilled supervision.

The above 1emarks and treatment, how-
ever, apply to confirmed albuminuria. A
small proportion of albumen in the urine in
elderly persons need not excite alarm. It
is often found in the urine passed at night,
after walking or other exercise, and absent
after the night’s repose. This indieates
that the wear and tear of life is beginning
to tell upon the system. Change of diet
and invigorating medicine are now expedi-
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ent, but of far less heroic kind than ‘‘ the
milk-cure.”’ :

MUDDY URINE AND GRAVEL—ORIGIN AND
PREVENTION OF BSTONE.

In a state of health the urineis a clear
transparent fluid, of a straw-color when
assed, and remaining so for some time.
n many disorders of the system it becomes
turbid on cooling, with more or less sedi
ment, with various tints of color, yellowish
or reddish brown.

Now, a very important distinction exists,
and in elderly persons the due appreciation
of it may very often greatly influence the
duration of life.

If the sediment and the turbidity disap-
pear, and the urine becomes clear on heat-
ing it gently, while it indicates febrile or
inflammatory action somewhere in the sys--
tem, it is in itself of little moment : it will
be only temporary. If such urine is con-
tinuous, it may direct the patient to consult.
his physician, to discover what is amiss ;
and this is the proper course.

If the urine is turbid when first passed,
and does not become clear on heating, but.
rather more thick and muddy, and the
sediment is granular, attention must be.
given to it.

Most people know what gravel is, name’y,
a sediment in the urine, .fa re or dirty
white color, usually attended with pain in
the region of the kidneys, and often witi.
pain in the bladder itself on passing water.
The early stage of this disorderis very gen--
erally neglected. After a time the granu-
lar sediment from the urire formed 1n th
bladder procuces irritation and acute pain
on making water ; the small granules then.
adhere together into little masses, which
pass with difficulty, often pr ducing an un-
natural amount of the secretion of mucus:
by the bladder itself, which agglutinates.
them into larger masses, and forms sfones.
This is the history of most cases of stone.
Futiie, because misdirected, efforts, and
palliative and useless medicines and meas--
ures, are pursued, until the dreadful and.
dangerous operation of cuttin; for or crush--
ing the stone, to remove i*/ becomes the:
common resort. It was thus that the life
of Napoleon the Third was brought to a
premdture close, and it is the fate of thou-
sands. I fear it is not wholly without
foundation, that the profession are charged
with preferring great anc brilliant opera-
tions to the careful study of causes and the
adoption of prevent've remedies. But it.
must not be forg-tten that the patient’s
own neglect, in leavin unnoticed the early
symptoms, exonerates the physician, who
finds at the first consuitation the disease:
far advanced.
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Now the thick, muddy urine, and the re-
sulting gravel and stone, occur in two states
of the general system, which require to be
«carefully distinguished before remedial
measures are resorted to.

It is in the general system somewhere
that the mischief begins. The materials
of the deposit are abnormal products, either
of faulty digestion or assimilation of the
food, or of agencies affecting and misdi-
recting the changes in the elementary mat-
ters to fit them for expulsion (secretion).
The discussion of all this belongsto a med-
ical treatise, but a few simple words will
render it clear. Indulgence in high living,
superabundant animal food, rich dishes,
various wines, etc., with deficient exercise,
impure air, and errors of regimen of vari-
ous kinds, set these morbid changes going.
‘The blood and flesh juices become deterio-
rated As the kidneys form the channel
through which impurities are to escape,
their secrétion is made unnatural ; and in
the kidneys themselves (i.e., in a little
pouch which first receives the urine), the
sediment agglutinates into masses, forming
stones. }

What is to be done to prevent the evils
thus srising 2 First, ascertain whether the
arine is acid or alkaline. This is effected
by small slips of prepared paper—test
papers—obtained of any chemist. Drop a
‘blue paper into the recently passed urine ;
if it turnsred, there is acid : if ared paper
becomes blue, the wurine is alkaline.
Becondly, adapt the diet to the circum-
stances. In the first case, abandon acid
‘wines—all wines, in fact, are more or less
-acid, so are most spirits, brandy for ex-
:ample ; lessen the proportion of animal
food, and increase the farinaceous and veg-
etable. In the second case, reverse the
«order and manner of che change.

This change of diet is a valuable adjunct
‘to the treatment. A recent and most in-
teresting discovery is now to be expleined,
a8 it exactly falls in with the design of this
"Work

With muddy urine, gravel (whether nric
acid or phosphates), and incipient stone,
there is often pain, irritable bladder, and
other troubles. Opium, in one of its
mumerous forms, and a whole string of nar-
icotics, are employed as palliatives ; and for
ease a hundred nostrums are recommended,
and everybody (more especially those who
e entirely ignorant) has some infallible
Temedy. Mineral waters are favorites ; and
masany of them certainly do this—they ex-
pedite the crisis of the discase, and com-
Dlete the formation of the stone. The em-
Ppcror may almost be said to have fallen a
wictim to Vichy water.

As regards the pain, opiates are incom-
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parably the best medicine for relieving it.

But the great remedy, which I have

termed a discovery, is the substifution of
pure distilled water for all other water,
whether in soup, tea, coffee, or other mix-
tures, and its free use as a beverage. I
wish I knew to whom to give the credit of
this discovery. It is precisely in the line
of the highest science. (See Note L, p.
179.) .
All water from natural sources contains
m.re or less saline matter ; lime and mag-
nesia salts being invariably present. Gen-
erally, these constituents are not unwhole-
some. They give to water its agreeable
taste, especially when accompanied with
free carbonic acid ; and when the system
is in health they supply needful ingredients
to the blood. In the condition we are
speaking of, the minutest quantities of
these salts, added to those already present
in too large a proportion, determines the
formation of those compounds which go
into the urine, and form stones.

It is an odd thing that the very means
which science teaches are the most likely
to aggravate the disease, are precisely
those most frequently recommended for its
relief.

No one who has studied the properties
of water in its pure state, and when con-
taining small quantities of salts, or even
atmospheric air, will be surprised to hea?
of its effects when so far pure as distilled
water, on the constitution, and on stone in
the kidneys or bladder. One tfact, popu-
larly known, may be mentioned in illus-
tration. Pure distilled water will act on—
i.e., dissolve—metallic lead ; whereas the
presence of minute quantities of the salts,
which render it, as we say, Jlard, will
effectually prevent this action.

In the earliest possible stage of the dis-
ease we are speaking of—turbid phosphatic
urine, or gravel—distilled water should be
at once adopted.

Even when stone exists, it has great
power. Dr. Murray of Newcastle tells us
that, in the infirmary there, it is quite com-
mon for patients treated with distilled
water to pass water-worn stones ; <.e., they
have been so far dissolved as to be rendered
small enough to pass through the external
passage (i.e., the urethra).

The constitutional treatment by drugs in
these cases must be left to the physician.

IRRITABLE BLADDER.

There are disorders of this organ incident
to elderly people, which demand a passing
notice. : ;

Irritable bladder, frequent desire to
empty it, attended with much pain. This
will generally be relieved by drinking

N
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freely linseed tea, barley water with some
gum arabic dissolved in it, or a decoction
of the dried stems of the plant known as
twitch or knot grass ( I'riticum repens). If
the pain is severe, five or six drops of laud-
anum may be added.

Incontinence of urine, retention, irregu
larity in the flow, ete., should reeeive the
attention cf the surgeon. An instrument
may be needed, and he will teach the pa-
tient to use it for himself safely.

DIABETES, OR SWEET WATER.

This disease consists of an abnormal flow
of water laden with sugar. The detection
of sugar in the urine must be the work of
a chemist. Redundant, limpid urine,
great thirst, and loss of flesh, oceurring
-together, will afford good reason to suspect
the presence of sugar. Often it is detected
by spots on the trousers, which are minute
crystals of sugar left where drops of urine
have splashed.

This eurious disease, which consists in
the food first, and afterward the constitu-
ents of the body itself, being transformed
into sugar, is surely fatal unless checked
by proper remedies. This transformation
is explained by chemistry ; but why it be-
gins and proceeds in the living body is the
main question. The subject is too scien-
tific and complex to be fully treated here.
The usual method adopted to arrest it con-
sists in an attempt to exclude from the diet
all saccharine substances, and those which
are readily transformed into sugar. The
patient is prohibited from taking any form
of starch, even bread, and is put on bran
biseuits or gluten—the staminal principle
of wheat, from which all the starch has
been separated. This plan diminishes for
a time the amount of sugar in the urine,
but fails to cure the disease. Itis, in fact,
a clumsy expedient, like an attempt to 1en-
der a stream pellueid which is turbid at
its souree. >

‘We can transform starches and other
eimilar substances into sugar in the labora-
tory ; but to do this we must have re-
course to an agent tetmed a ferment. This
is a nitrogenous compound in a state of
active change (decomposition or decay).
Now, in the body, nearly everything is a
compound of nitrogen—the substance of
the muscles, the blood, etc. ; and these
in health, as we have before remarked,
when used up, and become effete, are trans-
formed into urea, and pass off in the urine.
In the urine there is a ferment ; and, after
it has left the body, this ferment causes the
urea to be transformed into ammonia, car-
bonic acid, and water. Thatis the natural
course of things.

In diabetes a nitrogenous ferment acts
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in the body, as it does out of the body ;
1.e., transforms amylaeceous substances first,
then the fat, afterward other elements,
into sugar and other complementary com~
pounds. 3

It is to the detection and exclusion of
this ferment we must address our measures
of treatment, if we would eure diabetes.

THE THROAT—ATR PASSAGES—LUNGS.
Catarrh— Influenza— Bronchitis.

Bronchitis is one of the most formidable
and fatal diseases occurring in advanced
age.

One {u every four persons whose lives ex~
tend beyond sixty falls a victim to it.

And yet bronchitis comes under the cat-
egory of diseases amenable to treatment.
Medical seience can determine the waver-
ing balance, and very often saves lives ob-
viously tending to a fatal issue if the dis-
ease is neglected.

Bronehitis seldom comes in its severest
form on a first attack. A susceptibility to
a return and frequent repetition usually re-
mains. A succession of attacks at longer
or shorter intervals, and with more or less
severity, is the general rule. When there
has been repeated attack and recovery, all
suspicioun of danger is lulled, precautions
are neglected, and early recourse to proper
treatment prevented.

One most common and fatal sequence of
bronchitis is congestion of the lungs ; and
this will suddenly supervene on what a
patient will describe as ‘‘ his old malady,
which has often troubled him, but which
has always yielded to some simple treat-
ment.”’

The earliest and most prominent symp-
tom of bronchitis is cough, and this oceurs
in every degree. More or less irritation of
the mucous membrane of the nose cavities,
throat, and air passages, termed catarrh,
very often precedes the inflammatory state
of the lining of the bronchia, constituting
the disease.

What is its cause? What gives the sus-
ceptibility to it? How can it be guarded
against ? How arrested ? There is a con-
stant current of atmospheric air flowing
through the nostrils, the nasal cavities, the
glottis, or opening situate at the root of
the tongue, into the bronchia, or air-pas-
ages, the upper part of which is called the
larynx. This air, as we breathe, spreads
through the lungs in the minute divisions
of the bronchial tubes: it is so inspired
hot, cold, temperate, moist, dry, pure, or
contaminated. The popular name for all
catarrhal attacks is ‘“a cold ’—catchinga
cold. This is the basis of the theory of
catarrh and bronchitis originating in cold
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-air or changeable weather, variations in the
hygroscopic state of the atmosphere, or ex-
posure to cold currents when the body is
heated.

There is much truth in this theory ; but
something more is needed to explain at-
‘tacks of catarrh, especially in its more in-
tense form, as influenza, when the catarrh
is certainly contagious and often epidemic.
During the prevalence of such catarr’s,
the most fatal attacks of bronchitis are met
with. The atmosphere, at certain times,
is a vehicle for some subtle poison, gaseous
vapors, or it may be minute solid matter,
not yet detected—the most energetic, if
not the only, cause of catarrh and bron-
chitis. How often do we hear patients
say, ‘‘I cannot think how I got this bad
cold ;’’ there being no exposure or any cir-
cumstance to which it can be referred.

However this may be, it is invariably
Tecognized that some persons are more sus-
ceptible of these attacks than others; and
the practical question is, How may this
susceptibility be remedied ? The mo bid
impression on the mucous membrane, lead-
ing to catarrh, cough, etc., is sometimes
first felt locally in the nose; and, as the
membrane is continuous, it passes on and
downward to the bronchia. If wecan hard-
en, so to speak, the membrane, we render
the attack less likely.

1. Habitual smokers are, as a rule, less
susceptible to attacks of catarrh and bron-
chitis than those who do not smoke.

2. The habitual use of cold water, sim-
ply or with the addition of a teaspoonful of
common table salt to half a pint of water,
as a gargle to the throat, is very useful.

3. An astringent gargle used freely night
and morning.’

4. Friction over the throat externally
with a rough towel wetted with cold water
once or twice daily.

In the section on the Physiology of Age
I have described the condition of solids
and fluids in elderly persons. A scientific
term, atheromatous, is applied to the aggre-
gate—{flabby, inelastic, pappy. This state
of the glottis, larynx, and other parts of
the air-passages, exists in persons suscep-
tible to attacks of bronchitis. It can be
greatly ameliorated by ether measures be-
sides the foregoing ; namely, by—

5. The use, by inhalation, of vapors, such
as acetic acid, nitrous ether, etc.; and
under advice a small apparatus should be
employed to insure their perfect application
to the parts about the air-passages.

6. The inhalation of liquids in the form
of spray. Even cold water so used is ben-
eficial, and any sensible person can apply it
for himself as easily as he canuse a gargle.
A very minute portion of hydrochloric or
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nitric acid adds to the efficacy of plain
water ; and some other fluids are much
commended, both as prophylactic and cura-
tive, when the disease exists.

7. The experiments of Dr. Tyndall have
shown that in the atmosphere much solid
matter exists, in the form of minute parti-
cles, invisible nnder ordinary circumstances.
1t is very probable that these may be the
exeiting cause of many cases of bronchitis,
These solid particles may he separated from
the air we breathe, by passing it through a
layer of cotton-wool. It would, therefore,
be a very prudent course to have a thin
layer of well-carded cotton-wool spread
out and fixed to a wire frame, so adjusted
to the windows of sleeping apartments as
to fill up all the space when thé window is
opened. This precaution would most prob-
ably save elderly persons from attacks. It
would not, indeed, be superfluous, if
adopted for sitting-rooms ; especially in
London and other towns where the atmos-
phere is loaded with solid matter and me-
phitic vapors visible enough. :

No one can doubt the importance of pure
air for healthy respiration. A supply is
not unfrequently deficient, when merely
closed windows are trusted. Ventilation
with warmth cannot be overrated.

When the attack begins—i.e., the cold is
caught—it may be arrested in the nasal cav-
ities, or at the upper part of the air-pas-
sages, by applying freely the vapor of pure
ether, inspiring it by the nostrils from a
small, wide-mouthed vial, and expiring it
through the mouth ; or the contrary way,
when the glottis is first struck. This pro-
ceeding cannot be extolled too highly : it
is very efficacious. And even when cough
is established, or the lower bronchia affect-
ed, it will afford the most speedy and safe
relief.

The means recommended for treating
cough are mnumerable. Little or no dis-
crimination is exercised, and hundreds of
lives fall victims to misapplied remedies.

At first, when bronchitis of a sharper
kind comes on, the fluid poured out by the
membrane and coughed up is fluid and
fr thy. The use of opiates and other med-
icines to atrest it in this stage is attended
with great dunger. In fact, the physician
only should guide the treatment.

‘When the secretion becomes thick and
slimy, opiates are, and will be, used. But
if the specific action of the thapsus verbas-
cum (mullein) were known, it would be
universally substituted.

Chronic cough in aged persons, with ex-
pectoration of much mucus, must be cau-
tiously dealt with, as all judicious writers
testify ; but the beneficial influence of
thapsus, internally or when smoked. is 20t
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known, ot it would be had recourse to
more frequently. The use oi opiates
should be locally, and in very minute
quantity. It is a clumsy and dangerous
way of arresting a cough 1n aged persons,
‘to give them doses of opium, laudanum,

-or morphia, so large as to affect the local

‘trouble only through the brain.

There is one domestic remedy which
«cannot be too highly extolled, inasmuch
-as it never does harm, is easily applicable,
:and confers great benefit, even, often, to
the extent of effecting a perfect cure ; and
it is equally useful in the earliest stage of
‘bronchitis, as in old chronic cases. I mean
‘the inhalation of the vapor of water heated
to near boiling. If no instrument is at
hand, a narrow-mouthed jug may be used.
“The vapor breathed in through the mouth,
and expelled through the nostrils. It is
best done when the patient is in bed, and
continued for fifteen or twenty minutes.
The hot vapor soothes the membrane, re-
moves the secretions, and allays irritation,
and thus generally gives a night's rest from
thg)cough. (See Note on Apparatus, p.
182.

THE HEART.

This is one of the most important or-
gans of the whole body. Its structure ap-
pears at first sight to be very complicated ;
but its functions being entirely mechanical,
it is readily understood. The heart is a
double force-pump, having two receptacles
appended to it, and being provided with
valves to direct the course of the fluid (the
blood) on which it acts. Its cavities are
hollow muscles, by the contraction of which
the blood is moved, and its circulation
throughout the whole body effected.
“These cavities contractin succession. One
Teccives the blood through the vessels from
all parts of the body. These vessels are
the veins. It passesit into another, which
throws or injects it through the lungs,
whence it returns into a third cavity.
From this it passes into a fourth (the most
powerful of all), which forces it again
through the arteries into every part of the
body. This constitutes the circulation of
the blood, for the discovery of which Har-
vey issocelebrated. By slightly compress-
ing any artery with the finger, we feel the
Jjets of the current : this is the pulse. In
health, the action of the several parts of
‘the heart are regular, rhythmical, and pro-
duce pulsations numbering from fifty to
cighty or ninety in a minute. The pulse
is' quickest in childhood, gradually becom-
ing slower in adult life, and is slowest in
old age. Of course, I mean in a state of
health.

Excitement of any kind, mental emo-
tions, fever, inflammation. and other dis-
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orders, render the pulse more frequent than
natural. Some diseases, particularly ot
the brain, cause it to beat more slowly.

There are many other qualities of the
pulse, besides its speed, which ‘'we notice,
corresponding to, and significant of],
changes iu the action of the heart. Thus
we have a hard and a soft pulse, full and
small, irregular, intermittent, fluttering,
etc. Moreover, we are able by the ear, aided
by the stethoscope, to ascertain tne state
of the heart at any time.

It is one of the marvels of our nature
that the action of the heart, and the conse-
quent circulation of the blood, can go on,
without material in*erruption, for one hun-
dred years or more.

In advanced life disorders and diseases
of the heart are but little more .frequent
than in carlier periods. Many of themn are,
to a great extent, under control and reme-
diable. There is no reason for the com-
monly-entertained apprehensions when an
elderly person is said to have a disease of
the heart, unless such disease is organic—
that is, has become much altered in its
structure.

The heart derives its motive power, like
every other organ, from the nerves ; not
those proceeding directly from the braia
and spinal cord, but from a system of nerves
termed the great sympathetic. The parts
and organs supplied with nerve-force from
this system are in a measure cut off from
the centres of ordinary sensation ; so that
we have no consciousness of their actions,
and no power over them through the will.
In hiealth we do not know, or at least do
not feel, that we have such parts as a heart,
a liver, a stomach, etc. ; but all these parts
being linked together by the same source
of power, disorder in one will often, more
or less, disturb the others.

Hence irregular action, palpitation, flut-
tering, a feeling of indefinable uneasiness
in the heart, may any of them be caused
by disturbance of the stomach or bowels oi
liver ; and they disappear when the pri
mary trouble is relieved.

Sometimes, however, the disordered ac-
tion of the heart, once excited goes on after
the exciting cause is removed ; and I be-
lieve these functional disorders thus give
rise to real organic disease, particularly to
enlargement of the organ (hypertrophy), if
neglected.

What I would impress on my readers is,
not to assume, because they are said to
have a weak or diseased heart, their case is
out of the reach of remedies. It is true,
the line of distinction between permanent
organic changes and functional disturbance
require much skill to determine. The lat-
ter are of far more frequent occurrence ;
and we possess remedies of a very remark-
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able power over the actions of the heart.
Nervines and antispasmodics in a marked
manner calm down palpitations, flutterings,
etc., when temporary.

Digitalis has long been known to possess
the power of reducing the frequency of the
pulse ; but a plant of recent introduction
to English practice from the Eclectics of
America, the veratrum viride, possesses this
power in a most remarkable degree. It
demands great care in its administration ;
but by giving small, frequently-repeated
doses, we can reduce the number of beats
of the pulse ten, fifteen, or twenty in the
minute in the course of an hour or two.

I have known persons having for many
years been supposed to suffer from heart
disease attain to a good old age.

When the action of the heart is so far
disturbed as to excite attention, there is
usually mental depression ; and when it
proceeds far, an anxious look is perceptible
on the countenance.

Rheumatism affects the heart ; and one
of the worst features of this disease, in its
acute form, is a tendency to attack and
damage the heart. I consider the veratrum
viride one of the most valuable remedies
we possess, inasmuch as its judicious use 1
remedial in such cases. Itnot onlyreduces
the frequency of the heart’s contractions,
but it imparts tone and strength to the
organ.

THE BRAIN—MIND—MOTIVE-POWER.
Mind— Emotions— Paralysis— Sleep.

It is unnecessary to enter into elaborate
or scientitic discussion, or even to refer to
disputed questions, respecting the brain
and its relations to mind. The popular
recognition of the brain as the organ of
thought, of feeling, and :ource of all mo-
tion, and controller of all the functions of
the body, is sufficient for our present pur-
pose ; yet two or three facts may be stated
to render the following intelligible. 1. As
the source of motion and power, the seat
of all the senses, the energy of the brain
passes outward and downward to all parts.
2. A reflex action passes from all parts to
the brain through the nerves. 8. Injuries
to any organ affect the brain, either
through the nervous system or through the
blood.

The brain has the most delicate structure
of any part of the body. It requires rour-
ishment, and undergoes waste from use and
action, like every other part. Disturbance
within it may manifest itself in a great
variety of ways—in the mental acts; in
the moral sentiments and feelings ; in the
nerves, as disordered feeling and pain ; as
diminished power of motion in the muscles
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—1loss of power (paralysis), spasmodic or
morbid motions—and in the perversion or
suppression of organic action.  Bearing
the facts in mind, the first traces of morbid
changes in the brain occurring in elderly
persons may be recognized and understood.

If the work of the brain, and consequent
waste of its substance, is inordinate, and
the supply of suitable matter for its repair
and sustenance fails, disease necessarily
ensues. Anoverworked brain is a common
and very significant phrase. Deep thought,
long continued, care and anxiety in busi-
ness, study too closely pursued, involve
overwork, and frequently induce mischief
in the brain. Excitement from any cause,
profound emotion, eager pursuit of ob-
jects of ambition, lead to more and more
continuous action than the texture of the
brain can bear. And there are many ways
in which disorder in this organ shows
itself.

Headache, sleeplessness, failure of mem-
ory, of the power of continuous application
to some work or thought, illusions (some
idea being intrusive, and, if not expelled,
becoming dominant), confused dreams,
irascibility of temper — these are morbid
symptoms of brain overworked.

Not unfrequently morbid feelings in the
fingers, twitchings of the muscles, dimin-
ished power proceeding to absolute paraly-
sis in some locality, or sudden and exten~
sive paralysis, occur.

These all, or any of them, indicate dis-
order of brain, and demand immediate
and skilful attention. Any muscle in the
body may be the seat of paralysis, partial
or complete ; for instance, the tongue, pro-
ducing thickness or difficulty of speech ;
the eyelids, causing them to droop; the
muscles of the face, generally on one side,
making the mouth to turn awry.

When any of these symptoms occur, es<
pecially those of the mind, it is common te
hear them attributed to softening of the
brain. Now, this is for the most part a
guess at the underlying cause. The
hyvothesis is harmless if it does not lead to
erroneous practice. A closer and more ac~
curate explanation is, that the brain has
suffered waste beyond the amount of nutri-
tion it has received or can appropriate for
its repair and sustenance. This explana-
tion provides the key to the treatment re-
quired for its relief.

Any treatment will be faulty and inade-
quate which does not demand, as the very
first item, complete repose. The brain
must be allowed to rest ; every pursuit de-
manding thought abandoned — business,
ambition, study, work, suspended ; a care-
ful investigation of the patient’s state in-
stituted—the digestive organs, the process
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of assimilatien, first of all; the patient’s
habits and mode of life, etc., and, if any
defect or error is discoverable, it must be
corrected and remedied.

It is very seldom that some fault will not
be discovered in the primary piocesses
(digestion, etc.).

The secretions, too, must be watched to
discover any defect in them. If the liver
is not muking healthy bile, or in sufficient
quantity, if the kidneys partially fail in
their office, the defect leaves the blood im-
pure, loaded with foreign or effete matter,
and carrying into the delicate textures of
the brain, instead of healthy nourishment,
substances poisonous and incapable of sup-
porting and restoring its power and fune-
tions. This is the true theory and explana-
tion of overworked brain, the root and
cause of paralysis, disordered mind, and
perverted moral affections, or temper,

Sometimes the incipient disorder of the
brain manifests itself by signsin the organs
of the senses : impaired vision, clouds, or
black spots appear, indicating partial loss
of sensitiveness in the retina (the immedi
ate seat of sight) ; singing or buzzing in
the ears, or deafness ; bad and persistent
smells, or false taste ; neuralgia, keen pains
running along the course of nerves, partic-
ularly of the face. Theseall have the same
root and proximate cause, although refer-
able to different parts of the brain.

There are, however, many liead troubles
of a more ephemeral character, which every
elderly person should know and avoid.

Indigestible articles of food will produce
headaches, sometimes over one brow, some-
times diffused over the head. In some per-
sops badly refined spirits, brandy, or others
having fusel-oil in them—not to speak of
adulterations in spirits, or wines—will pro-
duce headache, and their influence will
often long outlast the presence of the cause
indueing the trouble.

The lower bowels being sluggish, acids
are generated by the decomposition of the
food or excretions. This isavery common
cause of dizziness, giddiness, and head-
ache. 1 have known old people living in
constant dread of apoplexy or paralysis, at
once disburdened of their fears and suffer-
ing from this cause being recognized and
remedied.

‘When the kidneys do not separate the
effete salts and metamorphosed nitrogenous
tissues, as urea, freely enmough, from de-
bility or other change, the blood becomes
poisoned, head troubles are experienced,
sleepiness or drowsiness at all times will fol-
low, and if the urine wholly fails to be
formed and expelled, coma and death will
ensue,

Hence the importanee of attenticn to the
urine, as to its quantity and quality.
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Men of business, in the eager pursuit of
what they regard as imperative duties,
studious men, in short, all persons who
work with the brain more than the muscles-
are peculiarly liable to suffer from head
troubles. They are apt to disregard the
early symptoms of mischief, deeming them
trifling, and as having no meaning. Numb-
ness of a finger, dizziness, broken slecp,
diminished power of attention, failing
memory, and the other symptoms enumer-
ated above—any of these, or similar occur-
rences, should at once lead to relaxation
from business at least, if not entire change
of scene and habits, and complete mental
repose.

Admitting the correctness of the opinion
popularly held by the profession of a soft-
ening of the brain, this is by no means un-
amenable to remedies. Besides the change
of diet, scene, and habits, spoken of above,
we have valuable and efficient remedies— .
too powerful, however, too nice in their
application, to be intrusted to unskilled
hands. The most we can say to our read-
ers is, do not allow scepticism as to the
value of such means, or mere procrastina-
tion, to deprive you of the benefit they can
confer., Do notsurrender yourselves to the
deceptive and mercenary statements of em-
pirics.

One point, however, may properly be re-
marked further : if sleeplessness is the fore-
most symptom, be very cautious and chary
in the use of narcotics. None of these, not
even the new one, chloral, do more than
afford temporary relief. They benumb the
over-sensitive fibres, suppress feeling, but
rather tend to increase the disease, if used
to the neglect of more radical remedies.

Wholesome and refreshing sleep may be
in almost all cases secured without recourse
to narcotics. A new method of procuring
sleep at will is described in ‘¢ Household
Medicine,” worthy the notice and adeption:
of all elderly people.

Its principle may be stated generally as
demanding an easy posture of the body in
bed, and a determined direction of the
thoughts to some subject as remote as pos-
sible from the ordinary and babitual cur-
rents, or one which can be entertained with-
cut the least admixture of emotions of a
disagreeable character. Happy and calm
will be the sleep of those who, on their
pillow, can muse on the consolations of the
Gospel, and resign themselves implicitly
and without wavering into the keeping of
a heavenly Protector and Father.

ESTABLISHED FACTS RELATING TO LOX-
GEVITY.

‘While the preceding sheets were passing
through the press, I beecame acquainte
with a volume entitled. ¢ Human Longev-
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ity, its Facts and its Fictions,”’ by W. J.
Thoms, Esq. (the esteemed editor of Notes
and Queries). Mr. Thoms seems to have
shared Sir G. Cornewall Lewis’s doubts of
the probability of human life extending be-
yond one hundred years. This work is the
narrative of his researches into the evi-
dence in proof of published cases of lon-
gevity, as they have appeared in the jour-
nals. With great pains, labor, and sagac-
ity, Mr. Thoms has pursued the subject for
many years. The result he has stated with
great candor, although contrary to- the
opinion he started with. If the same pa-
tient and sagacious inquiries could be in-
stituted to determine questions arising in
the scienee of medicine, the same candor
in accepting and muking known the re-
sults, it would be of incalculable profit to
mankind, and serve in no small degree to
preserve and extend human life.  Were
the evidence for supposed facts in history
similarly dealt with, it would change the
entire aspect of the past. Indeed, it would
be diflicult to find any subject, whether
belonging to science, morals, or politics,
which would not be benefited and enlarged
by being so treated.

After thoroughly sifting the evidence,
Mr. Thoms admits that he has found four
well-established modern instances of per-
sons living beyond one hundred years.
They are as follows :

Mrs. Williams, of Bridehead, Dorset,
died October 8th, 1841, within one month
of one hundred and two years.

Mr. William Plank died at Harrow, No-
vember 19th, 1867, aged one hundred years
and twelve days.

Mr. Jacob William Luning died June
23d, 1870, aged one hundred and three
years, one month, and four days.

Mrs. Catherine Duncombe Shafto, of
Whitworth Park, died March 10th, 1872,
aged one hundred and one jyears, one
month, and nine days.

Mr. Thoms’s most interesting and val-
uable contribution to the statistics of hu-
man life contains, besides, the history of
several persons of great age, but respecting
whom the evidence in support of the pre-
cise number of years claimed for them is
doubtful. Among theseis one female, said
to have lived to the age of one hundred
and six.

I am gratified to find Mr. Thoms agreeing
with me in my estimate of M. Flourens's
theory, and adding the great authority of
Richard Owen as supportingit. Sir Henry
Holland thought himself justified in reject-
ing it.

%t is satisfactory to know that Mr. Thoms
is still pursuing his inquiries ; but I share
in his surprise, that the insurance compa-

LONGEVITY.

nies, with their enormous accumulations of
wealth, have taken no combined action to
determine the question, ‘‘ What is-the ex-
treme duration of human life ?’ seeing
that they must be directly interested in
ascertaining the truth.

Since the publication of his book, Mr,
Thoms has published another instance of a
female who reached her one hundred and
second year. This wasa Mrs. Monro, who
died in the almshouses of the Goldsmiths’
Company. (See Times, November 7, 1873).

Again, March 28th, 1874, Mr. Thoms re-
lates the case of Mr. Anthony Beresford of
Alstonford, who died March 3d, aged one
hundred and two years thirteen days.

This case is notable, as showing that life
may be enjoyable and useful, even beyond
one hundred years. Mr. Beresford was
totally blind from an accident since 1819.
The loss of one sense was followed by in-
creased acuteness of others. It was said
there was not a better judge of a horse, a
beast, or sheep, than Mr. Beresford ; and
that he knew every sheep in his flocks, by
passing them through his legs and hand-
ling them ; and that any attempt to baffie
him, by giving him the same sheep twice,
invariably failed. He retained his mental
faculties to the last.

September 12th, 1874, in the 7%imes, a
third case is noted by Mr. Thoms—a Mrs.
Mary Brookman, living in the Isle of Thanet
within a few days of that date, who, if she
had lived until November, would have been
one hundred and two. She died, however,
a few days before her one hundred and
second year.

The extension of human life beyond a
century, and verging toward one hundred
and five, is now completely established.
The proportionate number of centenarians
to the population has yet to be learned.
It is very probable it will greatly increase
in future times. I cannot promise to make °
any life extend to a century ; butIam con
fident that many persons die prematurely,
from carelessness, before reaching three-
score years and ten, who might add at
least a decade to these years,

One fact clearly established by Mr.
Thoms I must notice, since it has an im-
portant bearing on my aim and subject-—
namely, that the popular idea of longevity
being more frequent among the poorer than
the rich or middle classes (their relative
numbers considered) is a fallacy. Like
many popular opinions, it vanishes before
statistics.

DISEASES WHICH TERMINATE LIFE AT AND
AFTER SIXTY.

A table drawn from the returns of the
Registrar-General of the causes of death in
1000 cases, givesus, inround numbers, the
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sollowing :

1. Old age...c oo ovriimenes oaeniee. PHous 280
2. Di=eases of the lungsand air-passeps..... 250
3. " caof tllle digertive organs arnd M- &
4 % of thebrain nd Hervous syeiein. 130
5. ¢ of the heart and olucd- cesrels.... 60
8. 3 of the general syr.e.p —e/er, ery-

sipelas, gout. chexmatiem, elc. 189

As T have already bad cceasion to remark
we must not place implicit reliance on the
registration of deaths. If thisis liable to
error respecting the agesof persons record-
ed, it is ronch more so in the causesof
death. It i3 more than probable that a
careful scratiny would greatly lessen the
mumber (appearing here to be one fourth
of the whoie) of those dying of old age.
Diseases of various kinds, neglected at the
tbeginning,lose their characteristic features ;
and when the physician is called in he finds
wonly the debility or prostration they have
left. It is hopeless to attempt learning
frcm unprofessional bystanders or nurses
what has gote on before, and he finds it
mecessary to certify that the person died of
old age. Aguin, although the medical at-
tendant is required to state in his certifi-
«cate, not merély the immediate cause of
death, but previous disorders, and the
length of time they had existed, this is very
imperfectly done, still more uncertainty at-
taching to the information he receives upon
this point.

So far as the register points to external
agencies as causes of fatal diseases, we may
learn from it to avoid them ; but it is evi-
dent that it throws no light on those nu-
amerous and oft-unnoticed changes in the
constitution of aged persons, which slowly
and insidiously lead to overt disease, or to
the debility and collapse recorded as old
age.

DMy aim in these pages has been to specify
.and describe the very earliest indications of
those changes, and to point out the meas-
ures they demand if we would prolong life
to its normal extent.

After middle life we should watch care-
{ully, but without anxiety or fear, our own
aondition, and take resolutely the proper
steps to stay the first signs of mischief,
neither neglecting the aid of medicine nor
employing it without good reason. There
is a golden mean between scepticism and
blind credulity.

If wisdom is ever to be attained, or com-
mon-sense to rule the conduct, it is surely
when life has extended beyond threescore
‘years.

SUMMARY.

The views advanced ‘in the preceding
pages may be briefly summarized.

Ageing is a result of the operation of sev-
2ral concurring causes. Mere lapse of time

will produce it. But ageing does not syn-
chronize with age ; that is, with the num.
ber of years a life has continued. In some
persons it begins earlier, and in others later.

Ageing consists in molecular ehanges
proceeding in all the textures and organs -
of the body, involving a deterioration, deg-
radation, or a species of decay. It may
exist without suffering, or consciousness
of the change. A person may say, and
truly, ‘I am quite well for an old man, or
an old woman.”” The qualification implies
that there is some degree of weakness, some
departure of power formerly enjoyed, and
the tendency is daily toward more and
more debility.

We have shown it to be indisputable
that certain appreciable conditions sur-
rounding individuals change and retard the
process of ageing, and thus prolong life.
(See ante, p.131.) These conditions, for
the most part, seem to reach individuals
fortuitously. If they are sought, studied,
employed, why should not very many, in-
stead of, as at present, very few, persons
reap the benefit they confer, and attain to
a good old age ?

Nay, why should we not be able to
augment the force uf these condifions, and
apply the resources of science to the same
end—the arrest or retarding of ageing—
and thus not merely increase the number
of octogenarians, but extend human life to
its utmost limits—one hundred years or
beyond ?

This should at least be the aim of our
efforts.

A close and careful consideration of the
powers and properties of substances known
to act remedially on the body warrants the
inference that the molecular action and
changes of ageing are as amenable. to their
influence as any disease whatever. Ex-
perience alone, guided by so much physi-
ology as will help us, must determine this.

There is another point of view in which
we have somewhat fully regarded ageing,
namely, it does not usually—or we should
say, most commonly—proceed in all parts
and organs alike, or within the same time.
One part or organ ages (so to speak) be-
fore the others. Hence elderly persons de-
sirous of attaining longevity, and not un-
willing to take some trouble in the matter,
must learn for themselves the appearances
or symptoms. of change in the more impor-
tant or vital organs at the very earliest mo-
ment, and take m