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PREFACE.

LETTERS on Cosmogony, by Mr. Lambert,
were but little known in France, except from an
extract inserted in the Encyclopedian Journal for
the year 1765, when I formed the design of giv- .
ing them a greater degree of publicity. I might .
either have translated or digested them; but I..
preferred the latter method for good reasons.
‘These Letters have somewhat of the freedom
of arrangement which the epistolary style admits:
the different subjects are blended together, .and
the train of ideas break off abruptly; ciftum.
stances which require frequent references to what
has gone before, and a degree of attention not
<asily commanded by the bulk of readers. Bat,
with the extract abovementioned before me, I have
been enabled to save them that trouble; “in’it each
subject has  found its proper place; aud, as the
whole is exhibited in 2 luminoas point of view,
I had only to pursue the same order, and to work
on a canvasalready traced to my hand. I thought
these advantages might compensate the reader for
- the
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the loss he would sustain in respect of the beau-
ties of style, which, besides, a translator but
rarely succeeds in transfusing from one language
into another. '

It has been my chief study to comprehend fully
the ideas of my author, and to deliver them clearly -
and with precision.  As I had it not in my power
to consult himself, I submitted my labours to the
revision of a philosopher and mathematician of
the first eminence, who honours me with his
friendship, and whose name would suffice to im-
press the public with sentiments favourable to my
work.

I would have wished to execute this under-
taking in a popular manner suited to the weakest
apprehension, had it been possible, without mak-
ing sacrifices of too much importance, to extricate
the subject entirely from the technical peculiari-
ties of geometry and astronomy. Provided, how-
ever, the reader possesses but a smattering of those
sciences, he will not find it difficult to understand
the subject; even without it he may easily form
an idea of the system here proposed.
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EN.COMIUM
or
MR LAMBERT.
—Oe—
TN entering upon the task which T ought this

dayto perform ;. atask painful, and, I am afraid,
greatly above my abilities; methinks I see a

- Janus with two faces, equally extraordinary

and difficult of delineation. One offers to the
eye, a sage, and in him a bright assemblage of
all the features, of all the knowledge, of all the
talents, which contribute not only to immortal-
lize the man of letters and the philosopher, but
which, shared among several individuals,
would be sufficient to entitle them to celcbrity.
The other presents a man ; aman, simple and
unaffected, such as nature forms him when
unassisted by art. He reminds us of that block
of marble which puzzled the statuary whether

B ' he
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he should convert it into a god or a bason.
Such men are certainly rare; perhaps it is
mnpossible to describe them better than by a
sort of characteristical detail. The particulars
which have been obligingly communicated te
me added to what we ourselves have all secen
and remarked, will probably distinguish this
Elogy from the bulk of others, where the au-
thor had to represent common objects only
from vague and general materials.

John Henry Lambert was born at Malhau-
sen, on the 28th of April, 1728. All that
can be said of the first years of the life and edu-
cation of literary men, amounts to little more
than a sort of common-place insipid detail.
From school they were sent to college; they
were endowed with excellent dispositions,
they were placed in a situation to cultivatethem
with success, and hence they acquired high
attainments in the pursuits of learning, and
rose to the employments they actually hold ;
in all this we often meet with nothing but ob-
scure names and useless dates. On the present
occasion, there is not an incident which we
-ought to lose, nor a single circumstance that
ought to be omitted.

The
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The father of our academician wasan honest
citizen, a stay - maker, whose grand-father
having emigrated from France on account of
his religion, retired to Mulhausen, where he
obtained the freedom of the town. As opu-
lence but seldlom accompanies the refugee,
that family remained in very straitened cir-
cumstances ; and Lucas Lambert, the father ot
John Henry, found it very difficult to live
by his vocation. The education of the son
was adapted to the nature of his father’s busi-
ness, to which he was destined. They turned
his views into this channel, and applied his ta-
lents to stay-making, without dreaming, or
being able to foresce, that he should ever
emerge from so narrow a sphere, to as-
cend even to the confines of that of the uni-
verse. The family of Lucas having multi-
plied, the occupations of young Lambert, who
was one of the eldest, became daily more nu-
merous, and, if I may say so, more irksome
and humiliating. He was obliged to render his
brothers and sisters all those offices of which
their age and wants stood in need. Or, in
plain language, he performed alternately the
duties of an apprentice and a servant. :

B g His
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His education, however, was not entirely
neglected To the age of 12 years his father
sent him to the public schools of Malhausen,
where he soon distinguished himself by the
assiduity of his application, leaving all his
companions behind him, and giving early and
unequivocal proofs of his ardent desire of
knowledge ; a circumstance, however, which
was far from suggesting to his parents the no-
tion of encouraging him to persevere in his
studies. On the contrary, young Lambert
was bound in due form to his father’s profes-
sion, and was obliged to exchange the pen for
the needle.

The youth, who in every period of his lite
was of a decided character, and incapable of
bending to the will of others, declared re-
spectfully, indeed, but with firmness, that it
was impossible for him to embrace such a
manner of life, which he regarded, besides,
as in'compatible with his constitution, then but
delicate. He neither could nor would rebel-
liously withdraw from it; but he redoubled
‘is importunities, and, in the mean time, suf-
fered no means to escape him of learning some-
thing. While he rocked the cradle with his

. foot
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foot in a very noisy habitation, he held a book
in his hand which he read with the closest at-
tention.

Here I am to mention an anecdote, which
shews still farther the almost invincible diffi-
culties he had to contend with, as well as the
magnanimous courage he was prepared to op-
pose to them. His mother, in order to pre-
vent his reading when he ought to be asleep,
denied him the use of a light. Young Lambert
had been at much pains in learning to write
a fine hand, which was afterwards of great
use to him.: he wrote and drew. extrémely
well; he made little designs or drawings,
which he sold to his companions for a farthing
or a halfpenny according as they contained
more or fewer figures ; and from this money
he supplied himself with candles, which he
lighted the moment all those of the .family
were put out. Providence employed’ his lu-
crubations as the means of preserving the lives
probably of the whole family. One evening
somebody had the indiscretion to throw hot
ashes into a garret, which, kindling fuel that
happened to be mixed with them, a plank
caught fire immediately over the student’s

B3 chamber ;.
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chamber; he perceived it, and alarmed his
relations, who had still time enough to extin-
guish the flames, the violence of which must
soon have involved them in ruin.

It was no longer possible to resist his un-
‘wearied perseverance. Besides his masters bore
frequent testimony to the boy’s extraordinary
capacity, and made his father sensible of all
its importance. He at length yielded, and,
addressing himself to the masters, beseeched
them to lend every assistance in their power to
their pupil, and to help him through those
difficulties which lay in his way to that career
on which he was so desirous to enter. Itis
proper to observe, that at this' time the number
of men of letters at Malhausen was confined
to half a dozen of divines: for it was an arti-
ele of the popular belief, that there is no real
science but theology, nor any other set of men
fit to cultivate the sciences but theologians ;
and hence they drew this natural conclusion,
that they ought to give their countenance and
encouragement to none but to those who de-
voted themselves to this sublime study. As
there was no option, Lambert, the father, ap-
plied for a bursary or pension to enable his

! son
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son to prosecute his theological studies; but
he met with a refusal ; and the most earnest and:
reiterated solfcitations could make no impres-
sion on the dispensers of these charitable dona-
tions.

We may easily imagine the grief, or rather
despair, of young Lambert, when he found
that the only hope he could rationally enter-
tain of continuing his studies had totally va-
nished. His parents resumed all their former
severity, and declared to- him, that however
much they might pity him, yet it was plain he-
must labour, and trust to his own fingers for
the means of his subsistence. Lambert sigh-
ed, but submitted, returning to his former
condition of journeyman taylor and servant.'
Even this double yoke became still more
grievous, and he would probably have sunk
under the burden, had not one of his brothers,
who at this day exercises the same employ~
ment, came to his assistance by frequently-
finishing the task he had begun, but had not:
strength enough to accomplish,

In the midst of these domestic occupations,.
one of his companions lent him a book on
B4, Arithmetic

.
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Arithmetic and Geometry. He no sooner
opened it than he found himself in a region
suited to his taste, and which he had the most
eager desire to explore. Such is, in general
the first annunciation of original genius, which
contains a bud concealed from itself, and which
owes to some lucky accident its first disclosure.
It was thus that la Fontaine, to whom Mr.
Lambert has often been compared, seemed to
awake from a lethargy in which he had hi~
therto been immersed, upon hearing empha-

tically read to him that ode of Malherbs : '

Que direz vous races futures,

Si quequefois un vrais. discours,
- Vous recite les avuntures,

Pe nos abominables jours.

One would be curious to know what was
the first book by which young Lambert begun.
All we know is that he studied it with infinite
assiduity, and made himself master of it from
beginning toend ; but what affords a still more
striking proof of the energy of his genius, he
discovered several errors or mistakes in it with-
out being able to correct them.

But
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But we have not yet done with those au-
spicious symptoms of latent genius. The house
of Lambert the father having gone to decay,
the tradesmen were employed to repair it. The
young man, comtemplating their operations
with the book in his hand, asked them various
questions respecting the practical application
of those principles,-in which he had been ini-
tiated by his own talents ; and he discovered
such a'perfect knowledge of his own questions,
which were the more surprising as they came

_from the mouth of a plain journeyman taylor,

that one of the principal workmen conceived
a friendship for him, and promised him a book
of the same kind with his own, but more ex-
tensive and full of plates. The young man
was transported with joy, in prospect of sorich
an acquisition; he followed the tradesman
home, and made him.give him the book with-
out a moment’s delay; he perused it with a
greedy appetite; but what doubly charmed
Lambert, it happened, by some strange acci-
dent that this was a work precisely intended to
correct the errors of the one he had read. It
was now that to the feeble ray which had hi-
therto guided him in his studies, succeeded a
light which-continued through life to acquire

addi-
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additional strength. He learned arithmetic
and geometry without a master or assistance of
any kind except what he derived from these
two books. He has declared oftener than
once, and on no occasion has his veracity been
suspected, that in spite of the dryness of these
two sciences, he was never disgusted even for

amoment, nor found himself stopped by the-

difficulty of the subject..

Such a phenomenon,. had it made its ap-

pearance in the bottom of Beotia, would have:

produced'a sensation. Even at Malhausen it

found men of estimable characters though not-

theologians, who not only advised and en-

couraged Lambert,. but gave him private and’

gratuitous. instruction,. for which they deemed

themselves amply rewarded by the astonishing.

" progress.of their pupil..

'

In this manner,. and still in the bosom of

his rative country, he laid the féoundation of

his knowledge in philosophy, and even ap-
plied to the study of the oriental -languages.

He perfected himself at the same time in his.
hand writing, which he prophesied would be:

the first means of gaining his bread.. The:-
truth.
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truth is, it obtained him the advantage of be-
mg emplayed as a copyist in Chancery, over
which Mr. Reber presided. At the age of
fifteen he became impatient to learn the French
language ; but his parents not being in cir-
cumstances to afford the expence of a master,
he engaged himself, as a clerk or book-keeper,.
to M. de la"Lance de Montbeliard, who was
concerned in the mines of Sepoix in Upper
Alsace. At the end of two years, as he thought
himself sufficiently instructed in French, he
was anxious to live in a situation where he
might indulge his whole passion for study.
He had the good fortune to obtain the place of
Secretary to Mr. Iselin, Counsellor of the
Margrave of Bade-dourlach, and resident at
Basle *; where he then published the Political
Gazette. Mr. Iselin conceived a strong affec-.
tion for Lambert, which he retained. ever after,
and of which he never ceased to give him the.
most convincing proofs. Nothing could more
fully express the generosity of his friendship,.

* He was likewise Professor of Law, and had some-
reputation among the Lawyers at Basle. He was an
Assotiate of the ancient Royal Society of Sciences at Ber-
lin, and continued to enjoy the same character in the
academy. He died in the year 1779.

. than
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than that Mr. kseling, notwithstanding the de-
sire he had to keep him attached to his per-,
son, chose to deprive himself of that advan-
tage by procuring him an employment whence-
we may date the whole happiness of our illus.
trious sage. It was that of tutor to the grand.
sons of M. le Comte de Salis at Coire. He
entered upon the functions of his office the
17th of June, 1748, and lived in the famxly
eight years.

But that we may have a distinct idea of the
family to which Mr. Lambert was attached
during the above period, it is proper to ob-
serve, that it was that of M. Pierre Salis
€omte of the Holy Empire, formerly Envoy
Extraordinary at the court of London, and who
had been one of the Negociators at the peace
of Utretcht. This gentleman had then attain-
ed to fourscore years, and united in his cha-
racter all the eminent virtues of the statesman,
the patriot, and the christian philosopher.
His wife, an English lady of the best charac-
ter, was still alive.

The pupils of Mr. Lambert were the grand-
sons of the Count, and sons of the Podestate
of
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of Coire. It was now in instructing his charge,
that Mr. Lambert found all those means of
instructing himself of which he had hitherto been
so much in want. ‘Becoming more and more
conscious of the strength of his natural powers,
he embraced, without hesitation, physics, as-
tronomy, mathematics, mechanics, ‘nor did
he deem himself unequal to the studies of the-
ology, metaphisics, eloquence, and poetry. He
composed verses in all the languages he un-
derstood, German, French, Latin, Italian; but
he would not dare to attempt the versification
of the Greeks. Ifthe Muses did not honor
him with a place among their firs tfavourites,
he derived a fiore solid satisfaction from the
pious strain of his hymns. I am of opinion,
however, itis my province to insist more upon
the fruits of his learned 'ibours than upon his
poetical eccentricities.

Let us now return to the proper object of
his pursuit. Having one day read that Pas-
chal invented a certain arithmetical machine, by
a mere effort of his own genius, he could
take no rest till he invented one of the same
description. :He likewise constructed with
his own hand a mercurial watch or pendulum,

which
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which kept going 27 minutes, and served to
ascertain precise portions of time in his physi-
cal experiments. .
His arithmetical scales, and a machine for
facilitating the art of drawing in perspective,
are no less worthy of our notice. A singular
accident, for accident itself seemed to submit
to rule in favour of Mr. Lambert, led him to
this last invention. He had proposed, as an
exercise, the solution of an algebraic problem
to one of his pupils ; the young gentleman, in
the course of the operation, committed a mis-
take of calculation, and, finding himself un-
able to rectify it, abandoned the task to his
master. Mr. Lambert laboured in the inves-
tigation of the error for several days without
success ; at last, after spending much time in
profound meditation, he cried out, like ano-
ther Archimedes, ““J kave found the error, and
that error to me is worth a discovery:” he
executed the same day his machine for per-
spective drawing. His notions of aggregates,
from which he afterwards composed his Alge-
braic Logic and his Novum Organum, we,
in like manner owe to his lucubrations of the
same period.
8 The

.
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The rapidity of his progress, and the exten-
sive knowledge he had already acquired, in-
duced him to become a member of a literary
society, which some persons of distinction had
instituted at ‘Coire, and which served to intro-
duce him to the particular acquaintance of Mr.
Professor Martin Planta, a man distinguished
by his talents, and, above all, by a rare genius
for the mathematical sciences; to whom,
-among other obligations, the public is indebted
for superintending the arrangements introduc-
ed into the seminary which was founded at
Haldenstein.

In 1753, there occurred a -certain dispute
‘between the town of Coire, the capital of the
country of the Grisons, and its Bishop. Mr.
Lambert framed memorials on the part of the
town, which did him honor. The same year
he became a member of the Helvetic Society
at Basle, to which he presented several mathe-
matical and physical dxssertauons inserted in
the Acta Helvetica.

In this manner, eight years passed aivay,
perhaps the most fortunate in the life of Mr.
Lambert, but which announced others still

more
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more glorious, the premature termination of
which we have this day to deplore. On the
firstof September, 1756, he quitted the house of
de Salis, with the third son of the Podestate
and one of the nephews, to spend a year at the
university of Gottengen, and then to travel.
When at Gottengen he made a tour to Hartz,
and visited the famous mines of those moun-
tains. Before he left the university he was
named a Corresponding Member of the Royal
Society of Sciences.

From thence the tutor and his pupils re-
paired to Utretcht, and passed a year in Hol-
land ; where Mr. Lambert gave to a book-
seller of the Hague his treatise on the Passage
of Light. But in the over ardent pursuit of
this object, he found himself in the situation of
the astrologer, who fell into a well; this de-
plorable accident brought him to the verge of
destruction, and shook his constitution in such
a degree that I suspect he felt the infirmities
it brought upon him to the last day of his life,
In consequence of a habit equally whimsical
and invariable in him, he never presented him-
self but sideways, changed his position as often
as the person with him sought to place himseH

1 in

o
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in front, and he retreated in proportion as the
other advanced. It was in a situation of this
kind, that, making some steps backwards with-
out attending to a stair case which was directly"
behind him, he fell at once from top to bottom,
heels over head. The fall was dreadful; he
lay long in a state of absolute insensibility, nor
did he return to his senses till the end of twenty-
four hours, when he opened his eyes totally
black with extravasated blood; his physician
never could make him give credit to the dura-
tion of his asphixy or faint. I cannot say whe-
ther in this respect he resembled the celebrated
Bossuet, who, after a faint of some hours, said
to those who attended him; ¢ how 15 it possible
that a man like me should exist so long without
thinking £’ Be that as it may, Mr. Lam-
bert’s recovery required a very considerable
time, and all the care of the same physician,
Mr. Halm, a celebrated pré'fessor at Utrecht,
who advised him to abstain from close study
for the space of two years ; but of all possible-
reigmens, he could mention none, with which
Mr. Lambert could less bring himself to com-

ply.

c At
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At Leyden he had a very pleasant adventure
with Mussembrock ; it must have been of the
most risible description.  The professor,
whose locks were become white in the exercise
of his office, upon receiving the visit of Mr.
Lambert, took it as the homage of a schollar to
his master.  Accordingly Mussembrock began
to chatechise him, and to pursue a sort of de-
tail which Lambert’s knowledge left far be.
hind. He replied to the learned “professor
with those firm tones, and that extreme volubi-
lity, which he had so much at command ; and,
having soon gained ground on the good man,
the dialogists changed characters; Lambert
was the master, Mussembrock the schollar.

Our ftravellers arrived in France. During
bis stay at Paris, Mr. Lambert saw the princi-
pal geometers, astronomers, and natural phi-
losophers of the country.

He was introduced to D’Alembert, whe
saw and felt his extraordinary merit ; and he
received, above all, many marks of friendship
from M. Messier, famous for his astronomical
observations and discoveries:

¥rom
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From Paris they returned to the country of
the Grisons by Marseilles, the county of Niece,

"Piedmont, and the Milanese. Mr. Lambert

knew well how to employ his travels for the

‘extension of his general knowledge, as well as

for his improvement in particular objects.

Upon his return to Coire, he passed some
time in the house of M. de Salis, which he,
at length, quitted in the month of May, 1759,
on a visit te his native soil. As he passed
through Zurich, he gave his Perspective to
the press. Arrived at Mulhaugen, he found
his mother still alive ; {his father had died in
1747) he lived three months with his mother,
and parted with her for ever, for he lost her
in the course of the same year.

In the month of Sept. 1759, Mr. Lambert
was at Ausburg, where he spent some time, for
the purpose of giving the last touch to his
Photomeiry, and to have it printed under his
own eye. At the same period was instituted
the Electoral Academy of Sciences at Munich,

which chose him one of its members; they:

likewise expressed their desire to have him
more particularly attached to them by engag-
: ce2 g

PPN
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ing him to furnish them literary papers, and
to assist them with his advice.. As a remune-
ration of his services, he received the title of
Honorary Professor; and a pension of 8oo
florins. He reserved to himself the privilege
of living any where he should think proper
without the limits of Bavaria. This connec-
tion, however, was ot short duration. They
accused him of not having the interest of the
learned academy sufficiently at heart; and he
complained in his turn, and probably with
more reason, that they neglected his advice,
and were at no pains to reform the abuses
which he pointed out to them. They with-
drew his pension, and he would not conde-
scend to take any step for its recovery.

Mr. Lambert was too. much occupied with
the abstract principles of science to give his
thoughts to things so material ; and, yet he
was by no means in easy circumstances. He
was satisfied if the profit of his works would
enable him to lead the life.of a philosopher
from one publication to another ; just as Scar-
ron formerly lived on the revenue of his Mar-
quisate of Quinet; it was thus he used toterm
the price he got from his bookseller Quinet;

fer
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for his burlesque productions. Those of Mr.
Lambert would have had no price were the
tariff of the trade regulated by intrinsic value;
or, if the sale of the commodity were accom-
‘modated to such a standard ; but, we all know,
that trifles take wing, while works of solid me-
rit remain at the bottom of the repository.
The works of Mr. Lambert, however, have
been duly appreciated by competent judges,
who, by bestowing on them a distinguished
reputation, have unalterably fixed the high
rank the author has since held in the republic
of letters. In the year 1760, he collected the
different pieces, still in a fugitive state, of his
Novum Organum; but which was not pub-
lished till the year 1764. In the year 1761,
he published his Treatise on the Properties of
the Orbits of Comets, printed at Ausburg.
The torrent of his ideas, which flowed inces-
santly and rapidly from his brain, ever brought
along with it useful materials for the construc.
tion of the system of the world. In these
consisted his wealth ; and no man could say,
with more truth than himself, that all he was
worth he carried about with him..

c3 I neither
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I neither am able, nor, indeed, do I wish
to give an accnrate and chronological list of
Mr. Lambert’s works, still less to analize
them. Two of my illustrious eolleagues have
given an opinion.on this point; and, from
them, nobody, I believe, will chuse to ap-
peal. The reputation of his works is esta-
blished, and posterity will confirm the decision
of the present age. But what I am desirous
to bring particularly under the view of this
respectable assembly, is a thing singular of
its kind : I mean the history of Mr. Lambert’s
intellect during the space of 25 years, the pro.
gress of -his genius, his rapid advancement in
knowledge, and the series of his operations,.
which he noted with -equal truth and simpli-
city, in a sort of journal which is continued
from the month of January, 1752, to the
month of May, 1777. Such are those fugi-
tive leaves more precious than the leaves
of the Sybil.- Never were there any which
better merited to be preserved; and I request
of the academy that they may be printed and
annexed to my Eloge, on which they will
bestow life and value.

T : Berlin.
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Berlin had long attracted Mr. Lambert by
many ties ; above all, he had a most valuable
friend, Mr. Sulzer, who, for many years, had
courted his visit; and who, at length, had the
felicity to grasp him in his arms in the month
of February, 1764. Here commences a new
epoch, upon which I shall insist the less, ¢hat
I address myself to those who are equally in-
formed with me as to what it has produced ;
but, it is necessary to enter into some detail
for the instruction of those who are to come
after us. .

Mr. Lambert was a man with whom the eye
and the ear found it - extremely difficult to be-
come familiar. Mean and singular in his dress,
he presented himself in a- very awkward man-
mer ; a stranger to the received usages of so-
ciety, or careless of conforming to them, he
seemed to be occupied with nothing but him-
self ; his philosophic volubility of tongue was
unceasing till be found himselt alone; and,
even then I have seen him, after broaching a
subject with some person who was called away,
go on and finish it as if he had been speaking
all the while to an attentive hearer. . Add to
this, that flashes of self-love, and expressions

: C 4 ’ of
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of the high idea he entertained of his own
merit occurred so often, that the conclusionx
seemed to many to be at war with the pre-
mises.. One might observe, however, if he
were at pains to examine him, that if he spoke
frequently in this offensive manner of him-
self, he was actuated neither by pride nor osten-
tation. These passions have more subtilty
and address ; nor do they pursue the attain-
ment of their end by means so gross and pal-
pable. Mr. Lambert spoke from a pure and
simple intuition of his own worth; from an
intimate acquaintance with his excellent en-
dowments, and their intrinsic value; and,
above all, from an ihtire satisfaction in the
manner by which he had acquired his eminent
riches, namely, by himself, by the force of
his own genius, and, by his assiduous appli-
cation to study: Meanwhile .giving himself
no manner of uneasiness as to what others
might think of him, nor caring either to please
or displease, he was uniformly without dis-
guise ; and, as he shewed himself on all occa-
sions in the same colours, he at last subdued the
prejudice, and forced the admiration of others.
to identify itself with his own.

S

Ve
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We have ever been sensible of the inconve-
niencies attached to his manner of acting and
conversing ; but we found his weaknesses com-
pensated by so many inestimable qualities of
the head and heart, that we came finaily to re-
gard him (I call you, gentlemen, to witness)
as an ingot of pure gold, whose value could
not be enhanced by the fashion of the artist.

The-King called him to Potzdam in the
month of March. It was a moment not a
little critical in the fortunes of Mr. Lambert ;
and, at first, his stars seemed to decide against
him. The peremptory tone of his answers;
the confidence with which he replied without
hesitation to the quesstion—Que savez vous* ¢
—Tout, Sire,~and then Comment Favez vous
apris 2—De moiméme. +—Striking ears, but
little accustomed to such sounds, might natu-
rally enough excite a suspicion, that the reple-
tion of his brain had discomposed some of its
main springs. Here the interview ended, but
without effect ; nor did it seem to leave the
smallest chance in his favour; but the great

* What do you know ?—Every thing.

+ By what means have you learnt it?—By myself.
Frederick
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Frederick, let into the singularity of the man,
who, as one of our worthy colleagues daily
honoured with his Majesty’s conversation, as-
sured him, bore a strong resemblance’ to the
character of La Fontaine, would not deprive
his Academy of a member from whom so
much was to be expected. He was therefore
admitted with a pension, and pronounced his
inaugural oration in the month of January,
1765. Since that period, his Majesty honoured
him with frequent and distinguished marks of
his esteem ; placed him in the financial com-
mission of the Academy, and the architectural
department, with the title of Superior Counsel-
lor, at the same time making a considerable
addition to his appointment. During these
twelve years, which have passed away like a
dream, Mr. Lambert, in his proper element,
devoted his incessant labours to the improve-
ment of science and the public good. He pub-
lished some excellent performances, and fur-
nished tracks without number, which have been
inserted in the Memoires of the Academy, the
Astronomical Tables of Berlin, and other col-
lections.  All his writings are highly expres-
sive of a universal and eriginal genius.

He
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He possessed great powers of invention;
and the facility with which he availed himself
ot those resources might probably be derived
from his first wants. Not possessing himself,
and being in no condition to obtain the in.
struments necessary for making observations,
or a single machine for the purposes of expe-
rimental philosophy, he contrived to supply
that deficiency by making them of the most
common materials that fell in his way;
and the dexterity he came to employ in the
management of them made amends for the
imperfection of their construction. It is diffi-
cult to imagine the extent of his acquired skill
in the use of such means ; but I must not dis-
semble that I think he would have been still
more successful in his main object, if, when
be came to have every thing of that kind which
he could desire at his disposal, he had not,
whether from the effect of habit, or a certain
degree of constitutional obstinacy, persisted in
eonstructing his own apparatus; a circum-
stance, I am persuaded, which prevented his
attaining that nicety and precision for which
his mind was so excellently formed.

I will attempt, with your permission, to
analize Mr. Lambert’s character, in order to
1
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its being moré¢ completely understood. It has
never been my custom to mix satire with
praise, nor have I ever wished to overcharge
the language of eulogium; but I have always
thought that this species of composition, like
the art of painting, admits of certain degrees
of shade for the purpose of giving brilliancy
and effect to the luminous masses.

The science of Geometry embraced nothing
which Mr. Lambert did not know ; nor has he
done any thing in this branch of learning that
is not highly estimable ; though perhaps he has
not arrived either at the depth of views, or
dexterity of calculation which characterize
three or four of the first mathematicians of the
age. He excelled in all the departments of
mechanics, was constantly sifting and labour-
ing some interesting point on this subject, and
he certainly carried the science of mechanics
farther than any philosopher that had gone be-
fore him. His attainments in Astronomy and
Cosmogony were sublime ; and by a kind of
affinity between Mr. Lambert and light, he
was enabled to pursue it in all its mazes, and
to analize it in all its properties in a manner to

invite
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invite the attention of the great Newton, could
we suppose him to have any knowledge of the
labours of a rival not unworthy to break-a lance
with himself. ¢ The comet which Mr. Lambert
¢ had observed in his early years,” to borrow a
remark from Mr. Bernoulli, I make use of his
own ‘words, * seem to have had a decided in-
#¢ fluence on the nature of his future labours ; it
¢ was the primary cause of his ingenious work
¢ Insigniores Orbite Cometarum Proprietatis,
¢ and of several excellent dissertations on com-
¢« ets in his famous Beytrdge zur Angewandten
** Matematik, and others ; as well as of bringing
“¢ to light his singular talent for geometrical con-
“¢ structions.”” Ingeneral whateveris susceptible
of mensuration Mr. Lambert wished to deter-
mine ; and perhaps there are no measurements
capable .of being ascertained that he has not
either taken or attempted to take. Besides the
evidence of this which is contained in his
works, I find in the list of his avocations, a
Pitkometry, or the Art ot Gauging, to which
he gave much application; and a Pyrometry
which by the last line of his Journal appears
to have been finished on the 36th of May last
year. :

Logic
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Logic and Ontology gave exercise to the
activity of his mind ; two of his greatest works
the Organon and the Architectonique are re-
spectable monuments of his sufficiency in
those subjects ; but it appears to me that the
public content themselves by paying them a
certain tribute of respect. They looked for
the discovery of new paths in those thorny
regions ; I shall not pretend to decide whether
Mr. Lambert ‘actually found them : I attend
only to those who have followed him on the
same ground, and whether it be that travellers
chuse to keep on the patent road, or that they
have not been sufficiently convinced that any
thing is to be gained by quitting it, his route is
almost entirely unfrequented.

Mr. Lambert was a stranger to the three
kingdoms of nature*: he had never given his
attention to individuals, nor to facts in that
arrangement.  All his points of view centered
- in the starry vault, in a straight line before him,

" and in the chamber of his brain, where he was
continually immured, even when you thought

! 0 . .

* He was however tolerably conversant in chemistry ;
‘he made vairous experiments on salts; which madc the
$subject of diffcrent papers read in the academy. )
, you
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‘you were with him, and fixed, or a lesst di.
vided his attention. No divergency in him
either to the right or to the left, always in the
region of abstractions, objects in the order,
of what are called concretes scarcity grazed his
sphere.

- .

In fine, it must be admitted that he was
almost destitute of taste; nor was this owing
to his neglect ot those smiling fields where
this fair flower shoots and flourishes ; we have
already seen that he ventured to climb Par-
nassus ; but in spite of his partiality for the
muses, he was ever ready to ask as to subjects
of taste, What does it prove? 1 should not
have chosen to speak so plainly on this topic
in his life-time ; I was no stranger to his pre-
tensions to wit: I got a sight of a memoire in
form of a dialogue, which he had been at
pains to besprinkle with attic salt; but in
which the academician in disguise had too

strong a- resemblance to a player out of his
" part. Great men would drive their inferiors to
despair, if they paid no tribute to humanity.

I have now only to delineate him in his
mora] aspect ; but it well merits our contem-

plation ;
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plation ; and I should be glad were it practi-
cable to represent it by a single stroke. Mr.
Lambert was upright in every sense of the
word. . Rectitude of views, rectitude of in-
tentions, rectitude of action. I will not be
accused of attributing to him impeccability,
more than infallibility. But if we could say
of men as Horace says of authors :

‘Vitiis nemo sine nascjtur ; optimus ille est,
Qui minimis urgetur ¥,

that Optimism was unquestionably a proper at-
tribute of the dececased.

Fontenelle, as he concludes his Eloge of
Ozanam, informs us, that it used to be a say-
ing of this academician, that it is the prero-
gative of the mathematician to go to Paradise
in a perpendicular line. This, I have no
doubt, was Mr. Lambert’s route upon quitting
the earth ; nor had he occasion for a chariot of
fire to carry him to heaven, a single ray of
light would afford him a vehicle. In propor-
tion as his intellectual pursuits were varioug

# No man is born without faults; thc best is he who
is subject to the smallest.
and
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and complex, and that they were so I have
already shewn, the plan of his life was simple
and uniform. FEach day of his existence be-
gan, went on, and ended in the same manner.
He was by no means an enemy to society, nor
insensible to some of its pleasures. Occasions
have occurred when perhaps he might have fol-
lowed' more strictly the rules of self-denial.
Bat he violated them no otherwise, than he
violated the rules of modesty, when he spoke
openly and without disguise ef his own superior
talents and learning. Whether he eat, drank,
or spoke, he went on his own way ; he knew
not what it is to stop or turn aside: a peculi-
atity however which never betrayed him into
excess, properly so called.

From the perfect rectitude of his mind, arose
that constancy or firmness which he carried at
times the length of obstinacy. It was necessary
so to speak,.to get out of his way; other-
wise he would jostle and overturn without
concern, distinction or exception of persons

I will not say that his early education might

not bring him on to an age too far advanced
for acquiring ‘those pliant manners, and that
facility of deportment, which we see in many

D instances
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instances, degenerate into grimace-and bodily
contortions. Until late in life he had no access
to what is called the great or fine world ; but
feeling in himself more real beauty and grandeur
than he found in those whom he met usually
in fashionable circles, he assigned a place to
himself, from which it would not have been
an easy matter to dislodge him. Such’is the
effect of the most precious of prerogatives mens
conscia recti ®,

"We will conclude this part of Mr. Lam-
‘bert’s Eulogium by again observing, that he had
religion, and even devotion, that he was still
more a christian than a philosopher, and that
all the erroneous flights of a certain false phi-
losophy were utterly unknown to him. He
was too great a man to condescend to its ac-
quaintance. His journal takes notice in the
month of January 1755, of a composition in-
tituled Oratio de char actenbus Chrisgiani,
‘qjusque prastantia Pre P}ulosopho His
whole life has becn a commentary on this text,
and an incontestible proof of it.

Such is the man we have lost ; ‘his years did
not extead to halfa century; we shall see him

“* A mind conscious of its owg rectitude.
ne
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- o more. I recollect the exclamation of Flé-
shier in his funeral oration’ on Marishal Tu-
renne. The orator, as he announced the
death of that hero, cried out, powers, enemies
of France, ye live! 1 say, but on a more
solid foundation, Lambert is dead, and ye live
ignorant mortals ; ye live enemies ot know-
ledge; ye live an useless burden on the carth,
born to consume its good things without the
capacity to produce one. When I turn my
eyes to the place where we were accustomed
to see our illustrious colleague, and where we
saw him with so much pleasure, and where we
used to hear him speak as if he had been in-
spired; I say to myself, certainly without the
smallest intention to detract from the merit of
any man: that place, is it filled ? or, rather,
shall it ever be filled again ? )

I draw back, and, in seme sort, would be
glad to avoid the recital of the catastrophe;
but we must come to it; we must approach
that grave where lies the mortal coil # of an
immortal man.—The constitution of Mr. Lam-
bert had been of a weakly habit in the first
years of his life; the accident of which we

* Sce Shakes_pcarc in Hamlet.
D2 have



XXXV "ENCOMIUM "©F

‘have spoken gave it a violent shock, if it did.

not occasion, inwardly, some irreparable mis-
chief ; nor was he, by any means, sufficiently
attentive to such precautions as, by sparing
-the bodily organs, might have continued their
duration a long time ; but, after all, his frame
was far from announcing a sudden decline,
much less an end so rapidly approaching,
We -saw him, for some years, with a florid
-complexion and in good plight ; though this
was to be regarded rather as the sign of actual
health, than of vigour and a durable system.
It required the force of a regularly formed dis-
ease to unhinge him, and that he should un-
dertake his own cure to lay him in the dust.
His disorder was a violent cold, caught in the
winter of 1775. He suffered it to take its own
course, without minding the application of
those simple medicines which soon restore a
constitution still active, and, in circumstances,
to assist itself. The disease was of long con-
tinuance, but its progress was nevertheless
visible; he was the only person himself whoe
was insensible of his danger; he déclined me-
dical assistance till it was too late; and, even
then, hereceived it in a careless manner, chus-
ing rather to be guided by his own whimsical

‘ regulations.

v
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regulations. His person melted away like wax
before the fire, till, at length, all that remained
of him, was a parched and yellow skin glued
to the bone. In this state, and with symptoms
by no means equivocal of his approaching dis-
solution, he asked his physi'cian, seemingly by
way of curiosity, whether,.in such a plight, a
man might not last'a long time, fifteen years,
for example ? Isayhim in the Park, at his dish
of coffee, on the 18th of August, when we
had some conversation : he talked of the state
of his health like one who was completely
master of his disorder, who was not afraid of
i, and knew well how to get rid of it. 1 Aave
disembarrassed myself, said he, of five or
six hundred catarrhs; 1 use his own words ;
they are now nearly gonme : He was not 'mis-
taken ; the source of vital moisture was dried
up. He continued, however, to walk about,
though scarcely able to support himself; but
still his head seemed to have no sympathy with
his bodily weakness. We saw him in this as- -
sembly on the 18th September, more dead than
alive; he had even a convulsive symptom
which alarmed those who observed it. On
Monday the 22d he wrote me, with a paper
of Mr. Segner to be presented, as he foresaw

' : D3 he
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he should be too weak to attend the next meet-
ing. The day of that meeting, the 25th of
September, was, indeed, the day of his death,
though -unforeseen by himself. He enter-
tained himself as usual with the objects that
occupied his thoughts, much in the same man-
ner as Leibnitz, a few moments before he ex-
pired; and amused himself with the process by
which Furtembach converted the half of a nail
into gold ; he took a light supper much in his
ordinary way, and with his ordinary appetite !
after which a slight stroke of apoplexy sent
him from this mortal to an immortal society,
where no man ever carried with him a better
title for admission, nor a better state of mind
for enjoying and improving in it.

INTRO.

a
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SYSTEM OF THE WORLD.

INTRODUCTION.

m——
——

&& E would wish to discover the Plan of the
Universe, and the means employed by the Eter-
nal Architect in the execution of his magnificent
design. We will first contemplate the System of
which we make a part, and of which our Sun is
the center. Thence we will ascend towards those

Suns and those innumerable Worlds which are-

scattered through the immensity of space.

But, are the faculties of our nature equal to
this? and what are the principles which ought to
guide us in these researches ?

The first that presents itself is derived from final
causes. We suppose the existence of a wise and
beneficent Being who presided over the formation
of the World, and who is pleased to display his
infinite perfections on this illustrious theatre.

D 4 Again



INTRODUCTION.

Again we will found our hypothesis in the ge-
neral laws of ‘motion, .whose effects are every
where the same, and whose influence extends to
the ntmost limits of matter.

We will next proceed by the lamp of expe- -
rience, consulting with care the observations de-
posited in the records of astronomy.

~ Finally, in order to supply the defects of expe-

rience, we will have recourse to the probable con-
jectures of analogy, conclusions which we will
bequeath to our posterity to be ascertained by new
observations,- which, if we augur rightly, wilt
serve to establish our theory, and to carry it gra<
dually nearer to absolute certainty.

This s all to which weak and limited beings can
pretend, beings who occupy a point., and last but
a moment in this mighty edifice built fof eternity.

THE
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SOLAR SYSTEM.

o8ee

CHAP. I

COMETS. PERMANENT STATE OF THE SOLAR
SYSTEM.

NOTHING is more simple than the plan
. of the Solar System: we have only to con-
ceive the Sun in one of the focuses of the
eliptic orbits, which the planets and comets
describe around him. We will bestow our
chief attention on comets, as on them will de-
‘pend all the merit of novelty to be found in the

following theory. '
Since it became known that the comets are
bodies similar in their nature to the planets,
and subject, like them, to regular periods and
1 revolutions,
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revolutions, the more sensible part of mankind
have been freed from those superstitious terrors
which they used to create in the minds of our
ancestors. But ta those groundless fears have
succeeded others of a more legitimate origin, in
as much as they seem to have the sanction of
those very sciences astronomy and the phisio- .
logy of the Heavens, to which we owe our free-.
dom from the former. If comets no longer

foretell either war or famine, or pestilence, or

the fall of empires, what are those partial

evils in comparison of the dangers with- which

they threaten the integrity and safety of the
whole globe ?

When we contemplate the motion of those
stars, and reflect on the laws of gravitation,
we must easily perceive that their approach to
the Earth might expose her to the most disas-
trous events ; roll in upon her a second deluge,
" perhaps dissolve her in a deluge of fire, grind
her to powder, at least, eject her from her
orbit, carry off her moon, or, what is still
worse, carry off the planet itself, transport hex
beyond the regions of Saturn, and. consign her
to a winter of several centuries, which neither
man nor beast should be able to support. Even
the tails of comets would be phenomena of no

small
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small concern to us, were those bodies, on
withdrawing from the Sun, to leave them in
whole or in part in our atmosphere.

On the other hand, it does not appear im-
possible that the comet should remain with us,
and be forced to revolve round the earth, pro-
vided the mass of our globe should happen to
be larger than itsown. And, who will under-
take to assure us that this is not the history of
our Moon, as well as of the satellites of Jupiter
and Saturn ? For, in the Heavens, as on Earth,.
the weak takes the law from the strong.

All this, it has been said, is not only pOSSl-
sible, but analogous to what actually happens.
Does not Jupiter disturb the motion of Saturn ?
Does not the Moon cause the Earth to vacillate
on her axis ? And, does she not elevate and
depress, alternately, the waves of the ocean ?

Various considerations, however, ought to
fortify our minds against the apprehension of
those evils; and, in the first place, though
they may be possible, they are by na means
probable.

The same hand which projected the celestial
orbs into infinite space, hath, no doubt, as-
certained their courses, and will not suffer
them to roam at large with the chance of de-

_ranging



4 *  6YSTEM OF THE WORLD.

ranging or destroying each other. The pre-
servation of those vast bodies is of an import-
ance incomparably greater than that of beings
which procreate their species, and are re-pro-
duced from year to year. For the feconstruc-
tion of new worlds from- the fragments of the
old, myriads of ages would scarcely suffice.
Hence, we every where observe the duration
of beings generally proportioned to their mass.
What is the life ot a flower compared with
that of a cedar, or the life of an insect with-
that of man.

We do no not mean to deny, that the heaven-
ty bodies reciprocally disturb the motion
of each other in their orbits ; it is only, how-
ever, by slight affections, the necessary effects
of their mutual attraction; whence we may
infer, that those interferences were foreseen
and wisely pre-determined, and, pethaf®+g00,
they contribute to the harmony of the system.
In one word, I conceive that all those bodies
have precisely the quantity of matter, the gra-
vity, the position, the direction and velocity
which are requisite, in order to their steering
clear of these critical collisions. It may hap-
pen, for example, that a comet, in passing
near Jupiter, should be drawn by that vast

planet

-
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planet from the right to the left, or from the
left to the right, for no other purpose but to
avoid a concussion. Thus the exception itself
returns into the general rule.

As to that of a comet being changed into a
-satellite, although we may admit the possibility
of the fact, yet it supposes such a strange co-
incidence of chances as rendgrs it almost in-
«credible. .

The whole satellites of .our system revolve
-round their respective planets in the same man-
‘ner as the planets revolve round the Sun, that
is to say, from west toeast. We will suppose

then, that there are comets whose orbits have
-undergone a change; this change must have
happened either in the comet’s descent from its
aphelion towards the ‘Sun, or on its return
from its \pcrihelion.; and, in order to its tak-
ing this direction of west te east, it would ne-
. cessarily traverse the orbit of the planet either
on the east in descending, or on the west as-it
returned But, as each time it was equally
‘possible, that the .contrary should happen,
would it not be oneof the most singular chances
in the world, that the ten satellites of the solar
system should all move in the same direction,
awhilst, to submit the point to a calculation of
its
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its probability, it is 1023 to one that it should
have happened otherwise ?

Besides, as the orbits of all the satellites are
but a very little inclined towards those of their
planets, it is still less credible, that of so many
comets which have passed near Jupiter and Sa-
turn, and the Earth, they aldne should have
been converted into satellites whose orbits had
this small degree of inclination.

How happens it, in short, that, of the vast
number of comets, either of which we might
have had fér our Moon, we should have ex-
actly hit upon one which accomplishes her
revolution round her own axis, and her revo-
lution round the earth in the same time, and
which, for this reason, always presents to us
the same hemisphere?

But these difficulties will appear in their full
force when we figure to ourselves the manner
in " which the planets must have appropriated
their _satellite comets. Let us consider, for
example, the circumstances the most favour-
able to a comet’s entering and remaining in the
orbit of the Moon. For this purpose we must
suppose its motion more than twenty-seven
times slower than that of the Earth, give to its
2phelion the place of the full Moon, and make

it

Al
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it move in that position with nearly the velo-
city ot the Moon ; but then the elipse, which
it ought to have described in its first orbit, be-
comes impossible, because the perihelion
would fall into the body of the Sun. Would
we draw back the aphelion of the comet beyond
the place of the full Moon ? This elipse would
be still less inconceivable, unless we were to
suppose the motion of the comet accelerated
near the Earth; but, inthis case, the very cir-
cumstance of its increased velocity would pre-
vent its being detained by the Earth.

In fine, the whole hinges on these two sup-
positions : Either the comet lighted all at once
on that path roundthe Earth-which we see pur-
sued by the Moon: and, it is impossible to
conjecture how this should have bappened:
Or, it found it gradually, insomuch, that its
orbit became fixed and permanént only by de-
grees. But this hypothesis is resisted by the
known laws of motion ; for,) it is.absolutely ne-
cessary that, at least in one point of its oét, it
should have the precise deggee of velocity which
corresponded to the distance of that focus from
the Earth ; but, thenceforward, it would move

:permanently round her, and its path would

suffer no farther alteration. If, on the con-
trary.
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trary, the comet should, in no point, move
with this precise degree of velocity, it would
be impossible for the Earth to command it by
her attraction ; at the utmost she would ‘be able
to produce a slight variation only in the-comet’s
-course round the Sun.

Jt remains to be remarked, that the Moon
-once drawn by the Earth’s attraction round the
Sun, no 'longer describes an ellipse, but a
-eycloid, in which she moves very little faster
than the Earth, nay, even slower when in the
;place of the full Moon: whereas, the comets
placed at a distance equal to that of the Earth
‘from the Sun, ‘move almost with double her
velocity, which would still increase in pro-
portion as they approached the Earth. Hence
it is clearly demonstrated, that wé can have
no hold of comets, and, that without a mira-
-cle, they can never occupy the cycloid of
-the moon.

What ought to be our conclusion from all
‘this? That the .comets, the primary and se-
condary planets, were at all times what they
are now; and, from the beginning of things,
<have pursued the same courses.

CHAP.
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CHAP. II.

'PRINCIPLES OF COSMOG'ONY.

IF we admit the existence of a Supreme Dis-
poser. who brought -order out of Chaos, and
gave form to the universe, it will follow that
the universe is a perfect work, the impression,
the character, the reflected image ot the per-
fections of its author.

Thus nothing happens, and nothing is what
it is from undesigning chance ; every thing is
the effect of intelligence ; every thing has its
object ; the means are subservient to the ends,
and the ends to one another. We have not
here an assemblage of detached parts, noran
-assortment of shreds and pieces : it is a whole
whose several parts cohere and tend jointly to
universal order and harmony. 1In this order, the
dust we tread under our feet, and the stars that
shine over our heads, atoms and worlds ate
equally included.

But, as the universe is an extremely com-
plex machine; the arrangement of the various
parts of whichi it is composed, its preservation,
and the play and cnergy of its springs, depend

¥ on
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on an infinite number of general as well as
particular laws. 'The most general admit of no
exception. The exceptions attach on the de-
tail ; their number increases in proportion as
the laws are specified and particularized, and -
thus become more and more limited and
Jrestricted by other laws. Hence the excep-
tions themselves form new laws and means
employed for a higher end. Apparent disorder
1n the parts is thus absorbed in the order of the
whole, and the small defects gradually vanish
in the eye of the philosopher as he proceeds to-
view nature on a more extended scale.
Universal order and harmony consist in re-
semblances infinitely diversified, or in endless
varieties referred back to a point of re-union.
As here we propose to consider the larger bo-
dies only which constitute, if I may say so,
integral parts of the world, we shall pass over
the varieties and exceptions, and confine our-
gelvess to the most general exceptions and laws.
It the world is a whole, the heavenly bodies
must act upon one another; there must be mo-
tion, and a law under which all motion is
comprehended and controled  Newton taught
us this law when he demonstrated that all
the globes in the solar system gravitate towards
" 1 each
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each other in the direct ratio of their quantities
of matter, and in the inverse ratio of the
squares of their distances. Whether this is
or is not owing to an inherent virtue, a pro-
perty essential to matter, the fact cannot be
disputed ; and, if the fixed stars are so many
Suns, such as our own, we must conclude
from analogy, that they are equally subject to
the law of attraction, and that this law reigns
over the whole material universe. Besides,
perhaps there is no other equally fitted to in-
_ troduce into it order, harmony and beauty. We
shall see, presently, how much, from its fertile
simplicity, it merited the choice of sovereign
wisdom ; aray of which seems to have entered
the mind of the great philosopher who made
%o wonderful a discovery.

CHAP. III.

THE POPULATION OF THE UNIVERSE.

IF we are convinced that every thing is formed
by design, that every thing is in its proper
link of the chain, that the world is the expres-
sion of the perfections of God, we will be
inclined also to believe that all the heavenly
bodies are inhabited, and, that universal space

c2 s
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is replenished with as many globes as it can
contain. We cannot bring ourselves to leave
blanks and chasms in so perfect a work. In
every situation that affords a point of view we
will place an observatory and an observer.

Do we not already perceive here on Earth
every thing full of life and motion, and nature
busily employed in fructifying, in organizing, in
animating matter ? In a grain of sand, in a drop
‘of water, we discover worlds and inhabitants ;
besides, our best microscopes only shew us the
whales and elephants of those worlds ; they are
still far from reaching the insects. Yet men
will insist, that all those vast globes which
float with us round the sun, and which,
like us, receive the benefit of his light and ge-
nial heat, are desert and destitute of inhabi-
tants. I know no opinion less warranted by
reason, or more unworthy of a thinking being.

If the heavenly bodies were immoveable,
and constantly fixed in the same place, there
would undoubtedly be room for them in much
greater numbers. But their motion is feces-
sary to the support, to the order, and per-
fection of the system ; for the purpose ot com-
bining them in one whole, reciprocal gravita-
tion was wantgd, in virtue of which they act

2, and
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and react on one another. Hence it was re-
quisite to assign them their paths, in such a
manner as that each should accomplish and re-
new its period without disturbance.

Motion is performed in time and space; hence
the plan of a well constituted world demand-
ed a regular combination of these two things.
Accordingly, nothing can be better conceived,
nor more wisely proportioned. Every thing
that is mortal possesses a principle of repro-
duction ; whatever is Hable to change, renews
and repairs itselt; changes in small bodies
occur more frequently, and compensate, by
their aggregate sum the great changes that hap-
pen to large masses. - We cannot make a sin-
gle step without destroying worlds, and with-
out creating new ones. To build cities, to
rear forests, years are required ; the time of a
revolution in the heavenly bodies increases
with their masses even to ages and, perhaps, to
ages of ages.

If from the center of our system we could
embrace, with one glance of the eye, all the
globes that revolve round the sun, we should
seethem in a state of strange disorder, the large
mingling, pell mell, with the small, under a
thousand different aspects, for which we should

E3 be



14 SYSTEM OF THE WORLD.

be umable to assign a reason ; we should only
perceive a confused group of masses throwr
here and there without an object, and as it
were by chance. But this perturbed spectacle
would evolve into order the moment we made
ourselves acquainted with the laws of motion.,
‘We would then see each of those bodies in the
place and at the distance most convenient for
it, each pursuing a route from which it must
not depart, and which, as it should seem, had .
been traced out for it by rule and compass.
Order and symmetry would result from appa-
rent confusion; and such would be the case
with respect to every thing that appears dis-
orderly to us, provided we had datz enough
toreferthose appearances to the whole of which:
they make a part.

There are therefere as many heavenly
bodies as can find place, and move with
freedom and security within the circum-
ference of the universe. The whole of
this space is allotted to orbits and globes
which describe them : an observation which
extends not to-the solar systemalone, but to all
without exception. Each fixed star governs a
world, as full and populous as our system, in
proportion to- its capacity ; and those worlds

are
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are as numerous as the bounds of the whole
universe which contain them will permit.
‘What a delightful, what an inchanting specta-
cle this immense machine! which goes on and
maintains its infinitely diversified motions by
the most simple of all laws, by the sole prin—
ciple of gravitation. This is the master-piece
of creative intelligence ; an eternal object of
admiration to men and angels.

1

CHAP. 1V.
THE INHABITABILITY OF COMETS.

WE would wish that all the globes of the
universe were inhabited ; but, it is asked, are
they all so constituted as to admit of thjs ?
Here comets seem to form such an exception
as would go the whole length to destroy the
rule ; since to judge of their number from
those, the memory of which is preserved,
those bodies are vastly more frequent in the
solar system than the planets; and, indeed, as
will appear presently, there is no companson
between them in this respegt. ‘

E 4 How
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How tan we imagine, that living beings
should exist whese domicile passes through the
utmost extremes of heat and cold ¥ The comet
which appeged in the year 1759, and which
returns sooner than any of those whose periods.
we yet know, supposes a winter of seventy
years. But this islittle compared with the heat
to which the comets are exposed.

According to Newton’s calculations, the
strongest heat of the comet of 1680, was twe
thousand times greater than that of red-hot
iron; and it would have required a period of
50,000 years to cool it down to its former tem-
perature. Someshing, however, may be ob-
jected to this calculation.

1st. The greatest degree of heat that red-hot .-

~_iron is-capable of acquiring is not so easily de-
‘termined. All we can know is, tlr!at it wilk
scarcely exceed four times the heat of sum-
mer. - }
gdly. Newton did not extend his scale far
enough on the side of absolute cold; a body
which would take 50,000 yearsto cool ,ought to
require the same time to
point.
In short, bodies are susce
Begree of heat only; and ir
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if you still continue to expose it to an intense
fire, vitrifies and crumbles into ashes. 1f then
the comet of 1680 bore a heat two thousand
times greater than red-hot iron,"t must have
consisted of matter entirely different from any
we are acquainted with : none of which could
have resisted a heat of such astonishing force.
‘Weshall forma more adequate idea of the actu-~
al heat of that comet by comparing the effect ot
the Sun upon it to that of a lense, or burning
glass. We know that the heat of the solar
rays increases in the inverse rato of the
square of the distance ; thus, on the eighth of
December, 1680, the comet being one hun-
dred and sixty times nearer the Sun than our

- Earth, ought to have expetienced 25,000 times

a greater heat: so that if we suppose that our
best burning glasses augment the force of the
solar rays two thousand times, we would rather
err on the side of excess than of defect, it will
follow that twelve of these lenses would pro-
duce, I will not say a heat precisely equal to’
that of the comet, but, at least, it would be the
he Earth would suffer were she

same distance from the Sun.
e, whether it be that the comet
:d of a more compact species of
: mattet
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matter, or owed: its safety to other circum-
stances, it fortunately passed on inits course, and
we have no doubt that its inhabitants passed on
with it. They would require, we admit, a
more vigorous frame, and a constitution differ-
ently formed from ours. But where is the
necessity that all living beings should be made
like .us? Is it not infinitely more probable
that, from globe to globe, there is a diversity
of organization and temperament relative to
the wants of their inhabitants, accommodated
to the places of their abode, and to the vicis-
situdes of heat and cold, to which they are ne-

cessarily exposed. Have we not relinquished"

a similar prejudice, which led us to believe,
that the torrid and frozen zor.>s were uninha-
bitable ? Do we find nothing but men on our
own planet ? And, if we had never seen fishes
and birds, would we not, with equal reason,
have concluded, that water and air were both
destitute of inhabitants ?  Are we quite certain
that fire itself has not its invisible inhabitants,
whose bodies are formed of asbestum, or some

other substance, impenetrable to that element ? |

We may say with trath, that, of the nature of
the beings who people the comets, we knov'
nothing ; but let us not deny their existénce;
“ and
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and, still less, the possibility of their exist-
ng.

It is true, the citizens of a planet, accus.
tomed to a more mild and equable temper-
ature, would be far from finding themselves
at their ease, were they transported to one of
those stars, subject as they are to the most vio-
lent changes of heat and cold; ourselves, for
example, who, owing to our position, are, if
I may be allowed the expression, the spoiled
children of the solar system ; but with bodies
differently framed, we might be enabled to bear
those changes, and, perhaps, find ourselves
better than before.

- Although what has been said might suffice to
silence those who are for depopulating the
Tomets, it may not be improper to consider the
subject in another point of view.

How different soever the material substances
of which the heavenly bodies are composed,
there is one substance which, being diffused
through the universe, must belong to them in
common, I mean light.. We will not infer
from this, that the use and effects of light are
every where the same. If with us it is refract-
ed in the organ of sight, and paints the object
in the bottom of the eye, it is not at all neces-

sary



\

20 SYSTEM OF THE WORLD.

sary that the same thing should happen else-
where. We still know so little of the nature
and action of light, that we must not venture
to pronounce respecting the effects it may pro-
duce on bodies of a different organization. It
is possible that in some globes the people may
have eyes such as we have, and that, in others,
their acquaintance with external objects is ac~
quired by organs and senses of whlch we have
no idea.

Another question ocecurs equally curi-
ous, I mean whether heat is inseparably con-
nected with light 7 Or, if light only serves
to render it more active and efficient ? Perhaps
the earth possesses a central and original heat,
which the Sun only excites and regulates, in
a greater or less degree in the different seasons;
or of which he repairs the waste occasioned
by the continual evaporation of the solid as
well as fluid substances of our globe. Should
_the comets likewise contain this central and
latent heat, the changes of temperature they
undergo in pursixing their long orbits would be
gradual and less abrupt. But does not the in-
flated appearance of their atmosphere suggest
an innate heat, which afterwards receives large
accessions from their approach to'the Sun ?

‘ The
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The atmosphere of the comets may render
them more essential services, though of a dif-
ferent kind. Let us carry our Earth into the
proximity of the Sun, where was the comet of
1680 ; we should presently see the ocean, and
allthe waters on her surtace leave their beds,
ascendinto theair,and formaround usalofty and
thick column of vapour. This column, though
it might not be able to save us from perishing,
would, however, not fail to detain and quench
the solar rays. It #s found that his horizontal
beams, in passing through our atmosphere are
actually weakened by more than two thousand
times. The atmosphere of the comet of 1744,
which reached nearly eight thousand leagues
in height, would therefore reflect and intercept
several thousard times a larger portion of rays,
and form a canopy in condition to screen the
«comet and its inhabitants.

If the comets contain fluid substances similar
to ‘water, their central or native heat may be
such as to preserve them in a liquid state at
their greatest distance from the Sun ; while,
in his vicinity, the same fluid, by being con-
werted into vapour, may afford them the salu-

tary shade of which we have just spoken.
What,
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What proves besides that their atmosfhere
actually intercepts and reflects towards us a
certain portion of the rays, is, that it .is almost
equally visible and luminous with the body. of
the comet. Seen-from the Earth, the comets
shew none of those phaces or aspects which we
observe in Mercury and Venus. The comet’s
atmosphere opposed to the Sun is no less lu-
minous than that which is turned directly to-
wards him. Hence night with their inhabitants
is but a twilight, nor is it inferior in bright-
ness to what we call day. In the comet of
1744, when it was in the vicinity of the Sun,
this light resembled that of our morning, when
the Sun is halfa degree above and below the
horizon ; nay, it was even brighter. The at-
mosphere of this comet had a diameterten times
longer than that of the comet iiselt ; how much
then must it not deaden the rays of the
Sun, by dispersing them all over the surface
of the comet. Thisis a great deal; but it is
mot all, since many of those rays would never
reach the surface.

The dispersion of the solar rays in the co.
met’s atmosphere, has probably no other effect
than to heat and expand it; but heat tends al»

way's
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ways upward, and makes its escape to cold
regions, We may presume then that it hur-
ries along with it, in its rapid progress, a part
of the atmosphere, and particularly a portion
“of the tail : for the tail is subject to very re-
markable changes. In proportion as the line
in which the comet descends approaches to a
straight line, the tail lengthens : in returning
from its perihelion it becomes shorter, and, in
a word, continues to diminish as the comet
ascends; an appearance which a decrease of
heat alone can account for.

It may be asked, what becomes of the mat-
ter of which it was composed?  Perhaps the
Sun collects his atmosphere from the remnants
of those lost tails. But however this may be,
their materials must rem.in in our system ;
and as they gravitate towards the Sun they will
somewhere find their balance. Is it imnpos-
sible that a column of this stuff diffused through
the ether, should be destined to furnish co-
mets, on their passage, with a supply of pro-
visions, and that at a time when they are about
to fall in their temperature ; and thus, perhaps,
they lose and recover their tails alternately, in
such a manner and proportion as is best suited
to the actual circumstances of the comet ?

CHAP
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CHAP. V.

NUMBER OF COMETS.

THE history of the heavens, or, which is
the same thing, of astronomical observations,
informs us that the number of comets exceeds
that of the planets. Halley’s table, in which
we only find the comets whose course had
been observed to his time, contains 24, but
which we ought to reduce to 21, because two
of them make properly but one, which appeared
twice : and three others, in the same manner,
make but one, which appeared at three differ-
ent periods.

Among these twenty-one, we have two only
‘whose perihelion is farther removed from the
Sun than the mean distance of the Earth: all
the remaining nineteen have it between the
Earth and the Sun: two of these last pass be-
tween the Earth and Venus, eleven between
Venus and Mercury, six between Mercury
and the Sun.

A small degree of attention to the position
of the Earth, and that of her orbit, will con~

: vince
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wvince us, that the comets which shew them-
selves to us are nothing compared with those
. that escape our observation,

* The comets which descend below Mercury
are almost all visible, either as they approach
their perihelion, or as they ascend towards their
aphelion. The only case in which they may
conceal themselves, is, when the extended part
of their orbit lies beyond the Sun, relatively to
the Earth, and when they have at the same time
a southern latitude inthe situations where other-
wise they might be visible. Then they are
scarcely to be observed, except on the other
side of the equator. In our climates they.
skulk under the horizon at the time we should
have the best chance of observing them.

We sce likewise such as pass between Mer-
cury and Venus with great ease. Their light
1s extremely vivid ; their enormous tail draws
out still more in length on their approach to
the Sun, as was observed to be the case with
that of 1 7443 and their progress round him oc-

pace of some months, a period
:nable us to observe them, either
1g or the morning, whatever be

osition in relation te themand the
F “The
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The case of comets whose perihelion is as
remote from the Sun as-our Earth, or at a still
greater distance, is quite different-; they have
a fainter light, and the tail is shorter; near the
Earth their apparent motion is at times ex-
tremely rapid, insomuch that they move at
the rate of ten, and sometimes twenty degrees
a day, and even more. They contmue visible
only during some days, or at most, some
weeks : besides, it is necessary that the Earth
should be in the most favourable position in
regard of the comet. Their size quickly
diminishes, and they hasten to- withdraw from
our view. The comets of this order, provided
we assign them long elipses, would employ,
between their departure and their return, a pe-
riod that must be measured by ages; news
which will induce us to expect them but sel-
dom.’ _

We may rank in this class almost all the
comets which shine for a few nights only;
a space frequently too short toafford us an op-
portunity to determine their orbits. Some of
them escape us during thick hazy weather,
and once they are out of view of the na-
ked eye; it is a matter of the greéapest aecis

- . demt
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aent if we are able to catch them with the te-
lescope. o
As the prodigious bulk of the comet’s at-
‘mosphere darkens its lustre, it is hardly pos-
sible to see such as sojourn above the sphere
-of Mars ; and even those which we have had
time enough to obscrve, disappear so soon as
they get to the height of that planet. The
comet of the year 1759 passes five years i
the sphere-of Saturn, while we see it only about
as many months. All this agrees pertectly
‘with Halley’s table, where we find but two
-comets out of twenty-one whose perihelion s
-at a greater distance from the Sun than the
Earth is from the same body.
This table being constructed on observations
“which we -owe to accident, lays but a weak
foundation for judging of the possible number
-of comets. If we -suppose, that, of all the
-eomets of our system, that of 1680 has its pe-
gihelion nearest the Sun, we can conceive five
.orsix ethers -equally near him, and twelve at
double the distance. This is a moderate esti-
: 1s nothing to hinder our mak-
by hundreds, perhaps by thou-
Mercury and the Sun. Let us
| r, by Halley’s table, and com-
Fe pute
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pute from it the number of comets we may as.
sign to the solar system.

In order to restrict our terms still more, we
will admit of no perihelion beyond the regions
of Saturn; though, since Saturn’s distance
from the nearest fixed star exceeds his distance
from the Suit by more than fifty thousand times,
we have ne reason to confine o urselves for
want of room.

We require, in the s"cond place,, that t.he.
comets have such an arrangement* as that they
shall never meet nor disturb each other in their
career. For this purpose their orbits must not
intersect each other in any one point; and,
further, thesc orbits must not be regarded as
geometrical lines; though we will conceive
the sphere of each-comet’s activtiy to be so co-
fined, asto restrain it from making irruptions
into the spheres of others, and committing,
such disnrders as would unavoidably arise from
violent aberrations. .

This being premised, we proceed to our cal-
culation :—

It we consider, first, the six comets which.
Halley’s table. shews us between Mercury and
the Sun, I would ask in what rati0 we oughtto
suppose their number iacreases ? At first sight

1 . we
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we should imagine that it is in the ra#io of the
cubes of the distance of perihelions from the
Sun, because we can thus distribute perihe-
lions in each spherical space which we conceive
about a given point; and this would answer,
in fact, did the comets remain immoveable,
constantly attached to their perikielions. But
our second term requires that they should have
the freedom of motion, and excludes the inter-
section of orbits; consequently, jt opposes
an increase in the ratio of cubes, and reduces
it to that of the squares of the distances. -
- Though we had no right to expect that this
law should exactly obtain in Halley’s table,
we, nevertheless, find it verified in respect of
the comets which have their perihelions nearer-
the Bun than Venus; for the table gives seven-
teen comets between Venus and Mercury ;.
and six between Mereury and the Sun; a dif-
ference which is nearly in the proportion of
three to one, or in that of the square of the
distance of those two planets from.the Sun.

- The square of the distance of Saturn exceeds.:
e distance of Mercury about
es; and, comsequently, if we
:e perihelions at the same dis-.
. then have six. times six hun-.

F3 dred,
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dred, or 3,600 perihelions with their comets ins
our system.

But this number deduced from Haliey’s:
table is evidently by far too small, as may be-
easily shewn. Let us recolleet, that we can:
see none of the comets which have their peri--
helions beyond Mars. The plane of Mar’s.
orbit is forty times smaller than that of the orbit
of Saturn; and, therefore, of these 3,600
comets, we could see a fourth part enly, that
is to say, ninety. Now we learn, from his-.
tory and tradition, that the number of comets:
seen (I do not say observed) exceeds two hun-
dred without noticing meteors, which, some-
times, have been confounded with those bodies..
On the other hand, if we consider how many

_comets may be supposed to have passed with-
out observation, whether in the day-time, or
in‘a clouded state of the skies, or by reason:
of their southern latitude; all these circum-
stances, I say, taken into aceount, we majr.
boldly double two hundred, in order to come
at the number of those which' fall within the-
field of our view. Such as have appeared
more than once may be left out of the reckon-

ing. Besides, that they are not seen evetj’hme
Yhey return, their return happens bi wery-
seldom:
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seldom on account of the magnitude of the
greatest part of the comet’s orbits; probably
there are comets which have appeared but
once since the flood: in short, though their
number was to be estimated much higher, it
would be amply compensated by that ot comets
which escape our observation from the diffi-
culty of finding them; .for there scarce passes a
year when we should not see comets, did we
know when to expect them.

From the year 1500 to the t600, there ap-.
peared more than fofty comets, not one of
which has, it should seem, been seen again
during this long period ; hitherto we know of
none except that of 1759, whose revolution
is less than a century.. This would give us,. for
four centuries, 160 comets ; let us deduct 6o,
if you please, for.such as may have been seen
more than once, there will remain a bundred.
Upon the supposition that we see the third part
only of those that might be secn, the triple of this
number gives us three hundred.. These three
hundred taken forty times, thatis to say, ag
often.as the sphere of Saturn surpasses that of
Mars, which sets bounds to the visibility of
eomets, will produce 1200 instead of g,600,
tie number. calculated from Halley's table.

' F 4 But
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But we take things with a great abatement if
we reckon only goo visible comets ; there is
reason to believe that their number amounts to
some thousands ;. at least the table, by the dif-
ferent positions it assigns to orbits, and the
chasms it Jeaves to be filled-up, gives counte-
nance to this opinion.

- The following is a more just estimate :—

: ’Faking for our basis the comet of 1680, whose
perihelion was more than sixty times nearer
the Sun than Mercury, we may place between
Mercury and the Sun the whole g,6e0 perihe-
lions which we had dispersed all the way to

“Saturn; for this number is precisely the square
of 6o. In this manner we shall have six hun-
“dred times as many within the bounds of Sa-
turn ; or, in other words, above two millions..
In short, as one may suppose on the side of
the perihelion of 1680, two or three similar
perthelions, a very mederate estimate, will give
motion in our salar system, to at least five hun-
dred millions of comets.

o All these comets, agreezbly so our hypothe-
sis, would have their perihelions nearer the Sun
than that of Saturn. But what is to prevent
our conceiving others vastly more remote even'
beyond the sphere of that planet? Space ex-
a pands._



SYSTEM OF TRE WORLD.. 3%

pands in proportion to its distance from the-
Sun ; and, likely, it is in those far situated
regions where float the comets of the largest
size; comets, possibly, with satellites whose
enormous masses and tremendous spheres of
activity forbid a nearer approach tothe Sun, in.
whose bounds space is more confined, and re-
quires to be managed with a sort of eeconomy.

How prodigious the number of comets ¥
What then becomes of the planets ? They seem:
to be lost amidst the innumerable celestial orbs
that surround the Sun. How small a part of
our system is known! What a pitiful molehill
is our Earth; and, how insignificant are we—
we whe creep so proudly on her surface !

CHAP. VL.

THE COMEFS COMPARED WITH THE PLANETS.

UPON what grounds, we shall be asked, do
we croud the solar system with such an im-
mense number of comets, while that of the
planets is so inconsiderable ? The answer to
¢his question will be more satisfactory when we
¥ave-compared them, and pointed out wherein

Hhey agree and wherein they differ.
The
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The comets and planets are equally inha-
bited and equally perform their revolutions.
round the Sun.

The first circumstances of difference that
strike us are the tail of the comets, and the
great magnitude of their atmosphere; but, as
.the. tail draws out in length, and the atmo-
sphere swells so exceedingly in bulk only on
their approach to the Sun, and in  conse-
quence of his heat, these appearances are no-
thing but the temporary effects of heat; and
they last only during a. few months of their
long period. We are not, therefore, to sup-
pose that the inhabitants of comets are drowned
in eternal fogs and vapours which prevent their-
observing the phenomena of the heavens. It
is true the atmosphere of the earth does not ex-
pand in the same degree, but it is continually
around us; and, for a very considerable propor-
tion of our lives, the sky is involved in clouds ;
but are we, thereby, disabled for exploring,
and measuring the Heavens ?

Another circumstance of difference, which:
is .the cause of the preceding, regards the or-
bits. The planets describe elipses more nearly
approaching to circles ; whereas those of the:
comets are extremely eccentric and extended.
This, however, is of little moment since it

only:
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enly respects a greater or less degree of cur-
vature. The circle is an elipse whose two-
focuses coincide Possibly the orbits of our
system exist, in gradation, by numberless shades
of difference from the most eccentric to the
circular elipse. .

It is true we see comets in oblong elipses
only ; but this is owingto our seeing but a short
way. Saturn is the last planet we have hitherto:
been able to discover: all the comets” which
do not descend below the sphere of Mars are:
hid from our view; and, in order to their
shewing themselves distinctly, they must ap-.
proach the Sun at least by one half nearer than.
the Earth. This would lead us to conceive,
that of all the bodies of our system, we see:
those only whose orbits hold the two extremes:
in the class of elipses; or, in other words,,
whose elipses are the most and the least ex-

tended.

~ The length of the periods of comets proves
the vast prolongation of their eliptic orbits..
Among the comets we have had access to ex-
amine, that of the year 1759 has the shortest
period ; it returns to us again at the end of
seventy-five years. The cubic root of the
square of this number gives its mean distance:

2 ) from.
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from the Sun, which exceeds that of the Earth
by seven times and three quarters. This number
doubled, or thirty-five and a half, expresses
the length of the great axis of its orbit; whence
we may infer how much these orbits ought to
contract whem the perihelion falls between
Mercury and the Sun, and for a sti}l stronger
reason’ whent their periods are of a longer du.
ration. Let us suppose a comet which has . its "‘
perihelion atithe distance of the Earth; while !
s periodical time is seventy-five years only, |
the great axis of its orbit will, nevertheless,
exceed the small axis by three times. The
supposition, however, is extremely arbitrary ;
such a camet would require ages to accomplish ‘
its revolution.

Orbits take more of the circular curve in
'j:rqpaman as their perihelions recede from the
Sun; and-the last orbit of the solar world can
differ but little from a circle. We may pre-
sume ‘that some of these arbits rise above Sa-
turn; at the same time our system has its li-
mits, and the sphr%re of our Sun’s activity,
how extensive soever, reaches not to infinity :
the most remote of the comets must still gra-
vitate towards the common focus; it must,

therefare, keep at a proportionate distance from
the

'

ekl —
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the systems contiguous to ours in such a man-
ner that its gravitation towards them may be
considered asnull. The fixed star nearest to us
is five hundzed thousand times farther from the
-Suﬁ thanisthe Earth, If we were to place the last
«comet at the thousandth part of this distance,
its aphelion would be five hundred times more
remote than ours; if it described a circle, this
distance would be a semidiameter of its orbit,
and, consequently, it would complete its re-
volution in a period of 11,180 years: a period
which would scarcely be abridged by twe
thirds were we even to suppose, that the comet.
should descend all the way below Mars.

Another difference. The planetary orbits
are nearly in the same plane, and almost in the
plane of the Sun’s equator: on the contrary,
those of the comets are variously inclined, as-
‘well in respect of one another, as in respect
«of the Sun’s equatar.

We say that the planetary orbits are nearly in
the plane of the Sun’s equator, leaving out of
-our consideration the angle of seven degrees
and a half, which it mak& with the ecliptic.
But, do the planets derive any. advantage from

shis circymstance ? ,
I
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Tf we could suppose that light is unequally
«distributed over the surface et the Sun, or
'that it suffers there any considerable alterations,
‘the heat emanating from his orb to be diffused
‘over the planets ‘would be subject to the same
:accidents. ‘Consequently, by the Sun’s rota-
tion on his axis, in virtue of which he presents,
successively, different parts of his surface to
the planets, his light will be more unitormly
dispensed if they are in ‘the plane of his equa-
tor, than if ‘the plame of their orbits were in-
«lined to it under a right, or any other angle
«of considerable magnitude, The comets are
the more indifferent tothis advantage, that they
:are formed to undergo every ‘sort of change in
wespect-both of light and temperature.

Again, is it not possible that the heat of the
‘Sun, abstracted from the light, is propagated
~only in the direction -of the -solar atmosphere,
which, perhaps, contributes to its intensity P
But the Sur’’s atmosphere follows the plane of
his equator; in this case it is evident, that, in
corder to ‘have thgabenefit of it, the planetary
«orbits ought to be 1n the same plane.

“The last difference.—All the planets, includ-
ing satellites, revolve from westto east; while
ithe comets roll through the Heavens in all

directions,
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directions, and cross each other in every pos-
sible way ; the reason of this is not very easily
discovered. Is it for the purpose of avoiding
hostile interferences ? Is it that Jupiter and
Saturn have turned some of those bodies out
of their-course ? In Halley’s table we find the
number as equal as possible of comets which
move from east to west, and of these which
move in a contrary direction. But this table
must be infinitely more complete before we can
rest our judgment-upon it with certainty; an
advantage which time and observation may. gwe
to our posterity.

But what we discover in the mean time, is
the absurdity of men who pretend that the
planets are nothing but comets diverted from
their original course and fallen in temperature ;
a notion which is retuted by the same argu-
ments we employed above in respect-of the sa-
tellites. There are, in all, sixteen planets,
Pprimary armd secendary in -our system; how
‘happens it that not one of them moves from
east to west. There is 65,£36 to one that this
should have been the case, at least, in a single
instance. It is infinitely less probable still,
that these sixteen comets should have wandered
from their ancient paths in the precise manner

' that
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‘that was necessary in order to their entering
-new orbits sitwated in the same plane, and, in
-a plane which is, in common to them, with the
‘Sun’s -equator. Nothing here savours of
'chance ; every thing indicates design and regu-
Jation. 'The heavenly bodies are at this day
‘what they were from the beginning.

Having determined the circumstances in
'which the planets and comets differ, we pro-
.ceed to examine why there are so many of the
.one description and o few of the other.

CHAP. VIIL

WHY SO MANY COMETS AND §O FEW PLANETS.

THAT the comets are by far more nume-

rous tham the planets is a fact, the reason of
which we proceed to investigate : and this is a
task the more incumbent on us, that we increase
the number far bgyond what is warranted by

the discoveries hifierto ascertained.
- According tothe idea we have formed of the
solar system, it ought to be as populous as pos-
sible.  For this yurpose we give to it as many
moving

[ S
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moving bodies as it can contain, without
confusion and without disorder. |Hence
the most perfect plen of our system will be
that into which enters the greatest number

-of orbits, all separated from one amother, and

which in no one point interseets each other.
1 then we should be able to prove that the or-
bits and comets correspond to this end better

‘than those of the planets, the reason of their

‘superiority in point of number, must be seen
and admitted by minds of the mest ordinary

capacity.
The question, theretore, comes shortly to

this, which of these two species of orbits the

eliptic, or circular, can be conveniently ne

‘troduced in the grcatest number into the solar

system ? , .
If all the bodies in our system dcscnbed
circles, the law of gravitation would require

‘that the Sun should occupy their common cen-
. ter, or, in other words, that all those circles

should be concentric : and we must not for-
get, that under the orbits of planets and co-
mets is comprehended a considerable part of
their sphere of activity. :

Thus the system would present the aspect

of a hollow sphere, with the exception, that
e ‘ € the
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the cireles not being permitted. to touch each
other, the exterior would be always larger
than the interior, and would increase in mag-
nitude in proportion as they were removed
from the center. For, if they were joined in
one another,. as the Equator is in the Colures,
they would have certain points of intersection,
which we have expressly excluded from the
system.

But in what ratio wouid the number of
these circles or circular orbits increase ? It
could only be as their distance from the
common centre. And whether they are placed
in the same plane, or inclined under a certain
angle, is a matter of perfect indifference, since
they must remain for ever concentric, and
consequently the empty spaces be equally

lost. ,
It will be recollected, that by placing six
perihelions only between Mercury and the Sun,
we found g,600 eliptic orbits between the Sun
and Saturn. Here, however, we. should
scarcely find 150 circular ones. ,

We easily perceive that the great inconve-
nience of circles is owing to this circum-
stance, that they must be concentric; an in-
convenience which does not occur in the case
” of
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of elipses; and so much the less in propor-
tion as they are oblong, like those we have
seen described by comets passing between
Mercury and the Sun. For the Sun is not in
their center, but in one of their focuses. Hence
it is, that we cannot only imagine several of
an equal magnitude, but we may interlace them
a thousand different ways, and make them di-
verge above, below, and on each side, towards
all the regions of the world. In order to ren-’
der the idea still more sensible, we have only
to construct a sphere composed of eliptic
bands or fillets, and compare it with another
made of those of a circular form.

_ It being then unquestionable that elipses sup-.
ply orbits in infinitely greater abundance than
circles do, we will cease to be astonished that
we should people the heavens with so many
legions of comets ;- and instead of being sur-
prised  that the number of the planets is so
small, we shall rather ask why we have any
of them at all. One is disposed to imagine,
that for the good of the world, not one ot them
should be suffered to exist. By what title, in
fact, can we pretend to hold our place? We
may alledge, for want of a better reason, that
good order, and the regular variety of system,.

G 2 TG
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required that, among others, there should be
globes whose inhabitants might enjoy a more
equable  temperature.  Perhaps also, . roomr
was found for a few circles in the interstices of
the eliptic orbits, and that we are here only by:
way of filling up the empty stowage.

. Here we may again observe, that it is not
without design that the orbits of the planets
are situated in the same plane. It wasso con.
trived in order to leave a freer career to the
comets above and below this plane, to simplify
the intersections of the planes, and to multiply*
the number of comets. )

For our further satisfaction, let us suppose
the contrary of this, Let us suppose, I say,
that the whole of the planetary orbits were in-
clined to ene another : that the Earth remain~
ing in her own, the planes of the orbits of Mer-
cury and Venus. should cut each other at right
angles at the pole of the ecliptic, and should
be cut in like mammer by the others under dif<
ferent angles. The six planets will thus oc-
cupy six planes, as to either of whicha co«
met. must not approach the Sun nearer thar the
planet which moves in it, because the comet
must not be:permitted to traverse the planet’s
orbit.  Jupiter and Satutn will exclude sa

: many
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many more comets, that in the vast planes em-
braced by their orbits, we might have placed
a greater number of those long elipses, which,
from the little room they occupy, are so con-
venient for increasing the number of comets.

Let us replace the planets in .the plane of
the zodiac, there will be nothing lost but this
plane; all the rest may be filled up with elip-
ses. And ot the elipses, which we may .place
in the same plane. we may lengthen the inte-
rior, and widen those that inclose them, in
proportion as .they become distant from the
common focus, and thus provide a frec passaga
across _their intervals for comets situated in
other planes.

As the comets which traverse the plane of
the ecliptic cut it in two places, it would be
convenient to have one of the points of inter-
section at a greater distance from the Sun than
the other. Were we to place them at equal
distances they would both be too near the Sun,
where space is contracted, and must be ma-
naged with prudence ; whereas if we place
one only of these points near the Sun, that
equally distant from him on the other side,
will admit a new comet, and by this means
their number would be doubled. For, as to

€3 ’ remote:
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remote intersections, we have no difficulty to
apprehend from want of room ; we may draw
back the greatest part of them even to the
higher planets, where they have ample scope ;
and from these planets all the way to the fixed
stars, there is a wide field for the reception of
orbits.

It seems extremely probable, that the pla-
nets are so very distant from one another only
to leave intervals of passage for the comets.
And as in the elipses, which are at once ex-
tremely long, and extremely obliquely inclin~
ed, the orbitical intersections happen at the
greatest distances from the Sun, hence we per-
ceive the reason why Saturn, and Jupiter, and
Mars, leave the widest spaces between one
another. If there are planets beyond Saturn
they ought to be still farther separated, since
in those regions the points of intersection are
by far most frequent. '

In a word, the whole agrees, and seems to be
arranged conformable to our idea; reasons of
physics and cosmogony tend equallyto its con-
firmation, Here then is the triumph of
the Newtonian law; so wonderfully does it
coincide with the principles of cosmogony,
which the Supreme Architect must have ob-

' ' served,
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served, with the order, the variety, the peri-
odical motions of the heavenly bodies, and
with the population of the solar system. It
_ provides for every thing, and, probably, the
whole taken together, constitutes a maximum,
in which obtains the highest possible perfec-
tion. :

The same beautiful combination, no doubt,
implies the motives of preference given to
the law of gravitation over all others in the
organization of the world ; motives which hi-
therto have not been fully untolded. We see,
in fact, the high prerogatives of this law
above every other the imagination might sug-
gest. If, for example, the heavenly bodies
described, instead of elipses, spiral lines ; each
spi‘ral, not to mention other inconveniences,
would occupy an intire plane, and its contour
, hampered near the Sun, would not admit the
intersection of other spirals. Still, however,
this will not prove the necessity of elipses ; if
ever this proof shall be discovered, it will
probably be through the resources to which we
have already referred.

All'those discoveries, which have been, and
in process of time may be made, exalt the

glory of the immortal Newton, who derived
, G 4 " this
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this admirable law from the depths of his owna
genius. His name, for ever revered and sa-
cred on earth, ought to soar through all
the regions of space which he has measured,
through all the globes which he has weighed,
and be echoed in the music of the celestial
spheres. '

m
CHAP. VIII.
THE TABLE OF HALLEY.

OUR distribution of the comets, and thc
plan we have thus sketched of the solar sys.
tem, cannot be verified by experiment. In
order to this, we have occasion for a much
Jarger stock of observations ; and of so many
millions of comets which we assign to our
world, Halley’s table presents us with twenty-
~ one only that have been examined.

But would it not be greatly in our favour,
if, in these twenty-one, which chance submits
to our observation, we should perceive the
‘visible traces of the Tule we have adopted, in

' distributing
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distributing comets through the solar heavens ?
The determining the orbits of comets hinggs
-on six circumstances. Now, if in the twenty-
one observed comets these circumstances
should be such, or nearly such as that, thence
we discover that the position of orbits is as
- much varied as possible, and contrived in the
best manner foraugmenting their number, and
consequently for promoting the populatian of
the system: are we not warranted in believing
that the rule we employ is general, and will
become more and more evident from subse-
quent observations ? :
For we will suppose that the system is fram-
ed according to a different Jaw. These twen-
ty-one cases might no doubt be so many de-
viations from the general priaciple; but by
‘what incredible chanc¢ must it have happen-
ed that they, should coincide exactly in the six
points which enter into the rule that I
have adopted ? Upon such a supposition, it
should seem that among many millions of co-
mets, a selection had been made of twenty-one,
which constitute exceptions so accurately de-
fined as to suggest the existence of a different
law ? :

The
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The six circumstances by which the orbits
of all comets are determined are the distance
of the perihelion, the inclination of the orbit
to the ecliptic, the position of the lines of the
‘nodes, the latitude of the perihelton, the heli-
ocentric longitude, and the time of the year
when the comets traverse it. To which may

‘likewise be added the direction of the motion
of the comet.

1 say then, that in the twenty-one comets of
Halley's table the variations of all these circum-
stances nearly quadrate with the plan we have
projected ; and if it suffers any exceptions,
either they compensate each other, or we can
assign the cause of it. And after all, ought
we not to be astonished that the exceptions
‘are so very inconsiderable.

In the first place, the number of perihelions
increases as the square of the distances, such as
we presumed. - Itincreases, I say, inthis ratio

—win the twenty-seven comets which pass be-
tween Venus and the Sun, and consequently
in such as we have the best opportunity of ob-
serving. As to those that have their perihe-
lion at a greater distance, we have already seen
that there are so many reasons for their escap-

. ing
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ing us, that the four in Halley’s table can
scarce be regarded as an exception; and since
from Venus all the way to the Sun, all the
perihelions fall under the rule, it is reasonable
_ to conclude that the same thing takes place to
the very extremities of the system.

The inequalities which occur in the helio-
centric longitude are also compromised, when
we take into account the causes which facili-
tate and obstruct our view of comets; hence
it is that it falls twice in the northern for once
in the southern signs of the zodiac.

It happens on the contrary, though for asi-
milar Teason, that the number of comets seen
during winter is the double of those which
have been observed during thesummer months.
Nothingis more natural, consldermg the length
of the winter nights.

The position of the line of the nodes is dis-
tributed pretty exactly on the zodiac, by every
four signs. Eight ot these lines correspond by
the ascending node to the first four signs, six
to the next four, and seven to the four last.

The latitude of the perihelions, or their ele-
vation above the ecliptic, increases as the zones
of the sphere, or as the sine of the latitude,

such
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such as we ought to have it, in order to dis-
tribute them equally on the sphere.

Of the twenty-one comets in the table,
there are eleven, and consequently nearly one
halt retrograde ; of the eleven, five are south-~
ern and six northern; and of the ten which
have a direct motion, five are southern, and as
many northern. In the one and the other the an-
gle of inclination, and the distance of the perj-
helion, are as much varied as possible.

I reserved lor the last the inclinaticn of the
orbits, because it admits of some difficulty.

Were we to judge from Halley’s table, we
should be of opinion, that the orbits of comets
are inclinedto the ecliptic under all sorts of an-
gles ; andthat as to them all inclinations what-
ever are equally admissible. There are some
in this table which form, with the ecliptic,
an angle of from five to six degrees oaly, and
consequently not greater than that of the or-
bit of Mercury, and which Kepler estimates at
6 deg. 54 min. But our system supposes, that
the great are much more frequent than the
small inclinations, because the former tend to
‘promate a still greater diversity in the situation
of the orbjts ; and we could demonstrate, that,
48 order to answer this end, the angles of incli-
' nation
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nation ought to be quite differently distribut-
ed in the table, which therefore, in this re.
spect, will be found faulty. To reconcile
this deviation with the rule, it-may be said
that, perhaps, the equal distribution of the pe-
rihelions does not allow ‘that of the poles of
the orbits, which would ascertain the position
of these orbits. One may suppose likewise,
that the eliptic, or the plane of the planetary
ofbits, has this peculiarity, that it admits of
inclinations of the very smallest dimensions.
But our surest course is to recur again to the
difference occasioned by the difficulty or faci-

lity we meet with in observing the comets.
When the perihelion lies south, it the more
easily eludes us by skulking ‘'under the hori-
zon, during the intervals we might see. jt,
that the angle is large under which its orbit is
inclined ; whereas when the perihelion is north,
the magnitude of the angle of inclination,
raising it far above the horizom, brings it
more within the field of our view. Now, if
we consult Halley’s table, we shall find that,
generally speaking, the smail angles of incli-
nation belong to the southern comets, and the
large ones to those of the north ; a difference
solely owing to this circumstance, that it is
much
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much more difficult to see the former, when
the angle of their inclination exceeds a certain
size.

. Upon the whole, it appears, that Halley’s
table, incomplete as it is, corresponds, much
beyond our expectation, to the plan of ar-
rangement we have introduced into the solar
system, and gives good reason to hope that it
will be found to correspond more and more,
in proportion as time and experience shall ren-
der it more perfect.

'

CHAP. IX.

PARABOLICAL AND HYPERBOLICAL ORBITS.

WE are still far from having enumerated all
the wonders which the law of gravitation is
found capable of effecting ; wonders which
the human understanding will never be in
condition to exhaust. They afford, how-
ever, an agreeable subject of meditation, which
exalts the energies of the soul, and renders the
spectacle of nature peculiarly Interesting.

.The
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.- The curves which the law of attraction may
oblige the heavenly bodies to describe, are not
confined to the elipse and circle; the sec-
tions of the cone are equally within its pro-
vince, because they all have a focus wherein
attraction may reside.

It is well known how much these sections
are analogous to.each other; how little is re-
quired to convert either the circle or the para-
bola into the elipse, and how easily this last
passes into the hyperbola. Let us say, for.
example, that Saturn. begins to perform his

revolution in a perfect circle, his circular mo-
~ tion would be of very short continuance. The
The first large mass that should approach him
would draw out his orbit in length; his first
conjunction with Jupiter would force him to
resolve in an eclipse.

The same would be the case with parabolic
orbits ; it is physically necessary that, sooner
or later, and at no great distance of time, they
should ’change their nature, and become either
ecliptic or hyperbolic. Let us see what would
be the result of these transmutations.

I shall suppose that a globe in our system
begins to describe a parabola. If this curve
closes and returns into itself, the globe will re-

1 smain
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main with us, and acquire a periodical mo-
-tion round the Sun.. If on the contrary, it ex-
tends its limits so as to become an hyperbola,
the globe will recede more and more from thé
Sun, and leave us never to return.

Were we to pursue the fugitive in idea, we
should seeit perhaps atthe end of some thousands
of yeats, flit along the frontiers of our system,
and diveinto a neighbouring world. The cen-
tral body of this world would then exercise its
attraction over the new visitor, and give a
<urvatare tohis orbit. From that moment oné
of two things would happen. * Either its path
would change into an elipse, a change more
or less easy 'in effect, according as the hyper-
bola it described at his arrival was more or less
an approximate of the parabola. Inthis case,
#ts travels would be at an end; it would re-
main to the system by right of conquest, and
proceed to make regular revolutions round the
dominant star of that system. Or, perhaps,
after passing its perihelion, and having paid its
court to the reigning star of those realms,
it would again resume its hyperbolic progress,
and, approaching the symtote, withdraw in a
straight line,and proceed to visit other worlds. -

a: ' ‘I'hui
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Thus we can conceive comets which, being
attached to no pamcular system, are in com-
mon to all, and which, roaming from one
world to another, make the tour of the uni-
verse. 1 ask, why, in the infinite variety
whichthe Creator has introduced into his works,
such globes should not have a place ? Theit
destination may embrace the wisest purposes,
concerning which we may be allowed to spe-
culate.

I love to figure to myself those travelling
globes, peopled with astronomers, who are
stationed there for the express purpose of con-
templating natureon a large as we contemplate
it on a small scale. Their moveable observa-
tory cruizing from Sun to Sum, carries them
in succession through every different point ot
view, places them in a situation to survey all,
to determine the position and motion of each
star, to measure the orbits of the planets and
comets which revolve round them, to observe
how particular are resolved into general laws,
in one word, to get acquainted with the whole
as well as the detail.

We may suppose that their year is measured
by the length of their route from one Sunto

‘another. Winter falls in the middle of their

H journcy
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journey ; -each passage of a perihelion is ‘the
return of summer; each introduction to a new
world is the revival of spring; and the period
of quitting it is the beginning of their autumn.
The place of their abode is accommodated to
all their distances from the fixed stars; and the
different degrees of their heat make the fruits
and vegetables. designed for their use, blossom
and ripen.

Happy intelligences, how excellent must
‘be the frame of your nature! Myriads of ages
pass away with you, like so many days with
the inhabitants of the Earth. ‘Our largest
measurements are your infinitely small quans-
tities ; our millions the elements of your arith.
metic ; we breathe but a moment; our lot is
error and death ; your’s science and immortality.

All this is agreeable to the analogy of the
works of creation. The frame of the universe
furnishes matter of contemplation as a whole a¢
‘well as in each of its parts. There is nota
point that does not merit our observation ; this
magnificent fabric is portioned out in detached
pasts to created beings; but it is in the unity
of the whole that sovereign perfection shines:;
‘and, can we suppose, that this whole has né
observers ? ‘The imagination, indeed, after so

. l . sublime
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sublime a flight, may be astonished at its own
temerity : but, in short, here the cause is
proportioned ta the effect, and there is no-
thing either gteat or small in immensity and
eternity. ' '

-

END OF THE FIRST PARTy

. REMARK.



REMARK.

HERE we shall take the liberty to suggest
an objection to this brilliant idea of Mr. Lam-
bert. If the life of his astronomical observers
corresponds to the vast career their globe is
destined to perform, we easily conceive that
they ought to enjoy a magnificent spectacle and
infinitely diversified; but, as their observatory
changes its place every instant, and .aever
returns to the same pnint again, we cannot so
casily imagine how those observers should havé
it in their power to take positions, determine
situations, or measure orbits ; it does not ap-
pear by what means they could contrive either
to regulate their pendulums, or ascertain the
first elements of an astronomical observation.
We should be almost tempted to believe, that,
by reason of their seeing too much, they would
actually see less of the mechanism of the uni-
¥erse than ourselves,
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. *CHAP. I
.
OF THE MOTION OF THE FIXED STARS.

IT is generally agreed, that the fixed stars:
are so many Suns which dispense light and life
to as many systems, and render the same good
offices to the planets and comets in their de-.
pendence, as our Sun renders to the world of
which he is the head.

- All those Suns have been supposed immove-
able, or with a motion round their centre only.
But here a new scene will open presently-:

In running the eye over the starry firma-
ment, we look in vain for order and harmony-
Stars of all magnitudes are mingled together 3
some of the largest crowd apparently upon each:
other ; while, in other regions ot the Heavens,

n3 we
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we are presented witha void wherehereand there
stars of the sixth magnitude are seen to twinkle
but faintly. In that luminous arch which em-
braces the heavens, and which is known by the
name of the milky way, stars seem to touch
and press on one another. There they appear
scattered like drops of rain in our atmosphere
which refract the colours of the rainbow.

Compared with this, the rest of the heavens_

is but a desert.

Here then every idea of order and harmony
vanishes, We have seen, in the preceding
part of this work, that we should meet some-
thing of the same kind, could we take in at
one glance of the eye all the bodies that are in
moticn in the solar system ; but we have seen,
at the same time, this apparent confusion evolve
into order before the eye of the understanding.
Let us judge of the celestial vault by analogy,
and combine, as we have done above, time
and space. This we shall be in condition to
do the moment we conceive the fixed stars te
be in motion ; the only method by which we
can banish confusion from the heavens, and
introduce the reign of order. The law of at-
traction, which extends its dominion over
svery atom of matter, suffers nothing within
: ’ the
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tHe dniverse to be in a state of absolute rest :
Motion ‘cbtains every where; all bodies of
whatever :description gravitate: one towards
another ; all the wheels in this vast machine are
going round ;. nature tolerates no dead and use.
less masses. * The universe is a whole whose
different members or systems can only be com-
bined by, reciprocal action and re-action, from
which motion results as a necessary conse~
quence. -

In order that motion should be regular and
durable, it is necessary that the centripetal
should balance the centrifugal force : without
this equipoize, the heavenly bodies obeying the
law of gravitation only, must gradually ap-
proach each other, till, at last, they would
meet and the world return-into chaos.

From the centrifugal, combined with the
centripetal force, results motion round a centre.
in one of the curves of conic sections. Thus,.
in the regions of space, all the fixed stars have
their orbits assigned them, which they pursue,
leading in their train a retinue of planets and
comets ; precisely in the same manner as we
drag our Moon along with us round the body
of the Sun, and as Jupiter and Saturn drag
after them their respective satellites. ‘

B4 o 1f
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If we could demonstrate that every body
which revolves on its axis must likewise move
in an orbit, we could no longer refuse this
last motion to our Sun, since we know he has.
the first. Probably the mechanism of the
world requires the combination of these two
motions, though we do not distinctly see the
cause of it. What we know is, that the Sun
actually shifts his place, for his centre does
not always coincide with the centre of gravity
eommon to the whole system. However, as
the circle he thus describes is extremely small,
we are not at liberty to conclude that the cen-~
tre of gravity itself advances in an orbit. Thus
far therefore we must confine ourselves to the
reasons mentioned above. '

The motion of the fixed Stars must in pro-
cess of time change their apparent distances,
and consequently become observable. It is
true they may traverse spaces of immense ex-
tent before their apparent place appears to be
altered, even by some minutes. The discovery
of such change of place will depend in a pe-
culiar manner on our obsérving the distance
which those of the first magnitude hold, re-
latively to one another at' different periods,
_bccausc they probably are the fixed Stars most-

' contiguous
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gontiguous to our system. . Upon comparing
the observations of Hypparchus, who made
the first catalogue of fixed Stars, with those
of a modern date, we readily perceive they do
not agree ; but this difference is accounted for
partly from the inaccuracy of the instruments
employed by the ancients, and partly from their
ignorance of the laws of refraction, . the aber-
ration of light, and the nutation of the axis of
the earth. Mr. Mayer, however, a celebrated
mathematician and astronomer having verified
those particulars, has shewn-in the case of
several of the fixed Stars, that they must ne-
cessarily have shifted their place, nor does he
entertain a doubt that upon a general verifi-
cation, it would be found, that the same thing
has happened to all the fixed Stars without ex-
ception. It is the same philosopher who was
prematurely carried off in the midst of his
astronomical pursuits ; while his merit, regarded
as the patrimony .of his family, was honoured
and rewarded since his death by the parlia-
ment of Great Britain ; a distinction so much
the more creditable to his memory, that it has
been conterred by a whole nation, the nation

the most free and enlightened on our globe.
cher.
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Other trials might be made in order to ascer:-
tain whether our Sun revolves round a centre!
If this centre be such as to determine the Sun
to gravitate towards it, all the bodies which
sompose the solar system will gravitate towards
it in like manner. And hence will result a
double gravitation analogous to the double
gravitation of the moon towards the earth, and
towards the Sun; a circumstance which will
give rise to irregularities similar to those which
the Moon exhibits in her motion.

Thus the first question would be, whether
similar anomalies have been observed, either
in the annual motion of the earth, or the pe-
riodical motions of the other planets.

It is said to have been often remarked that
the Sun’s place ascertained by observation,
differed nearly a minute from the place marked
¥ the astronorzical tables ; it might be of con-
sequence to observe if that happens in regular
times, and what is the cause of it. Perhaps
it would be found that a change of position.
in the aphelions, and irr the line of the nodes:
of the planetary orbits, as well as the changes
in the obliquity of the ecliptic, are owing,
at least partly, to the double gravitation we’
have just mentioned. Those isregularities

oughs
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eught to be more sensible in the higher planets
by reason of the size of their orbits ; but on-
the other hand, the slowness of their motion-
might prevent our observing them for a great
series of years. Be this as it may, those ir--
regularities ought to become more or less per-
ceptible in proportion, as the solar system gra~
vitates in a greater or less degree towards the
centre of our system among the fixed Stars.

Accurate observations on the Sun’s atmos-
phere, and the zodiacal light might turnish a:
new proof of the Sun’s motion round a centre..

This atmosphere must be considered as a
very thin light fluid, which by its gravitation
towards the Sun’s surface, becomes a part of
himself, and accompanies him in his motion
as our atmosphere accompanies the earth.

But its appearance varies according to times
and seasons. It is seen to terminate in a point
more than a hundred degrees from the Sun;
not, however, that it actually terminates in
a point ; we see it in this manner as we see the
elge of alense convex on both sides, when ous
eye is in the same plane. It should seem,
therefore, we may thence conclude, that the
zodaical light is neither circular nor concen-

g
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tric withthe Sun, but rather oblong or elipucg
and let us observe why :

Whatever be the figure of this curve, the
line proceeding from the eye to its apparent
point will be its tangent. One may imagine,
then, a triangle whose three angles terminate at
this point, the Sun, and the eye of the spec-
tator. The angle formed in the eye will ne-
cessarily be an obtuse angle of 100 degrees,
Consequently, the other two will be acute,
the sum of which will be only 8o degrees.
However small then you make the angle at the
Sun, that which falls on the point of zodaical
light will always be less then 8o degrees ; but
this would be impossible if the shape or con-
tour of this light was circular; because, in

“this case, the tangent ought to form a.right
angle, or an angle of go degrees with the
radius.

Geometry teaches us that the angle in the
eye being obtuse, the opposite side ought to
be longer than both the other sides taken to-
gether.  Whence it follows, that the zo-.
daical light, when its point is above ninety de-
grees from the Sun, extends beyond the Earth’s
distance from him. At other times this point
does not recede from the Sun more than fifty

or
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‘er sixty degrees, and then it falls within the
orbit of the earth. From this it has been in-
ferred, that the solar atmosphere is extremely
variable ; and the inference is just, supposing
that this atmosphere is concentric wich the Sun.
But then it would be inconceivable, that this
point should recede to the distance of 100 de-
grees, and pass the Earth’s orbit; for, were
this the case, instead of seeing the figure so ac-
curately terminating in a point, we should see
the zodaical light diffused over the face of
the heavens, I mean entirely blinded with the
<repusculous light.

This is the case in summer; for we never
see this light distinct by itself, but from the
‘beginning of autumn to that of spring: Nor
is it difficult to conceive the cause of this, pro-
- vided we give it the figure of a long elipse,
‘whose focus is occupied by the Sun, while its
perihelion is within, and its aphelion without
the orbit of the Earth. Inthe summer months,
the Earth passing near the aphelion of this
Jdight, traverses, and is,: in some sort, drown-
ed in it; and, it is for this reason, we cannot
distinguish it. In the autumnal and win-
ter months, on the contrary, the Earth pass-
mg near the perihelion of the zodaical light, is

Py placed
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placed without it; and, consequently, it be-
comes visible to-us in the morning during au-
‘tumn, in.the morningand evening during win-
ter, and in the evemng only at the beginning
of spring.

In order fully to ascertain this theory, it
-‘would be necessary to pursue these observa-
tions for some years successively. ‘We should
thence more:clearly perceive how far the figure
-of the zodaical light may be determined by
tangents drawn to its point, and how far its
‘variableness influences its apparent length, and
ats different phenomena. It ‘would not be su$-
‘ficient, however, to have those observations
amade in Europe only, because here its whole
«ontour dees not fall within the ﬁeld of -our
view, i

If it should be found in fact, that its ﬁgure
s not circular but oblong, it would be ex~
tremely difficult to assign any other reason for
its having this species of curve, besides the
periodical motion of the Sun, and his gravita-
ttion towards the centre of the sysiem of which
e makes a part. 4

- CHAP.




‘${STEM OF THE WORLDy 7e

CHAP. II.

X

XHE FIXED STARS AT DIFFERENT DISTANCES -

FROM THE SUN,

BEFORE we proceed in our enquiry con-
gerning the motion of the fixed stars, we must
endeavour to have a just idea of their situation
and arrangement in the heavens. When we
raise our -eyes to ‘the, firmament, we see the
whole of the stars attached, as it were, to the
-same ‘vaulted ‘surface; this, however, is an
optical illusion; they are, in reality, at very
‘different distanrces from us, as well as from the
-Sun, which is the fixed star of our system.

In order:to prove this, ‘we shall not have re.
wcourse either to the annual peralax of the Earth,
‘which is teo inconsiderdble to measure such
‘vast distances, nor to the observed motion of
the fixed stars, which the observations of se-
~veral centuries would scarcely be sufficient to
«discover, even in a small degree. ¢

Our evidence will be derived partly trom
the apparent as well as real light and magnitude
«of those stars, and partly from the laws of cose
amogony- ‘
. - One
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One star appears larger than another, not

only because it actually is so, or that it is at a
smaller distance from the eye; but, likewise,
because it has a greater degree of lustre; a
circumstance the reason of which we discover
in the pupil of the eye, in the confusion of the
image painted in the retina, and in the dis-
persion of the light on the same organ. Our

best glasses, by extinguishing the scattered and .

tremulous rays, Shew us the fixed stars like so
many luminous points. For similar reasons,
one star seems to shine with a greater brilliancy
than another, especially if it has more lustre in
its own nature. We may presume, also, that
their light suffers a duminution in the atmos-
pheres of the Earthand Sun, in the ether itself,
in the atmosphere of other fixed stars which it
traverses, and in that of the bodies which re-
volve round themselves. Thus the more distant
a star is, the more pale and feeble will its light
become by the time it reaches the eye; but, if
all the stars were equally distant, their light
would decay proportionally, and this difference
would not exist.

If they were all of the same magnitude, and
equally brilliant, we should thence infer, that

such as appear of the smallest size are the most
remote
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remoté. And, were they all at anequal distance,
we ought to conclude that the small ones had,
at’ the same time, an inferior degree of bril-
liancy. It is observed that the number of
stars in the different classes of magnitude in-
creases nearly as the square of the term of
cach magnitude. There are eighteen of the
first magnitude, sixty-eight of the second, two
hundred and nine of the third, four hundred
and fifty-three of the fourth, &c. Itis cer-
tain that this progressionis muchbetter account-
ed for by the different distances of the stars,
though we are far from contending that they
are all equally large and equally luminous.
Neither the plan of the universe, nor the
central forces, allow us to suppose that the
stars are all at the same distance, and move,
each accompanied by its millions of comets,
in the plane of the same sphere. From this
arrangement, collisions, interferences in the
spheres of activity, intersections of orbits, and,
in one word, disorder and the most fatal ca-
tastrophes, would inevitably ensue. Besides,
_ this would be to limit unnecessarily the num-
ber of stars ; for, it can be proved by mathe-
matical demonstration, that round the sphere

of our sun’s activity, for example, there would
1 be

.
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be room for twelve similar suns only at the
same distance. But what is this compared
with the vast number of fixed stars which we
behold, and which we can easily conceive in
the regions of space. It is necessary then, in
order to employ this space to the best advan-
tage, to placethem at different distances in long
serieses.

‘We are in condition to shew that the same
consequences result from the laws of gravita-
tion. Let us take two stars whose apparent
distance from each other in the telescope is
only a second: If we suppose them equally
distant from me, the observer, I should have
an isoceles triangle, whose two sides terminat-
ing at my eye, would inclose an angle of a se-
cond, and whose shortest side opposite to this
angle, would be the distance between the twe
stars.  As the result of a trigonomical calcu-
lation, we find that one of the long sides
would exceed by 206,265 times this distance ;
so that it would only be the 200 millionth
part of their distance from mé, or, what would
here be the same thing, of their distance from
the Sun. Consequently, if we suppose that the
two stars are at an equal distance from us, the
interval between them would exceed, by twice

and



SYSTEM OY THE WORLD. g1

and a half only, the distance of the Earth from
the Sun. But at so small a distanice it would
be impossible that they should maintain their
places. One of two things would happen ;
cither the law of gravitation would draw them
towards each other, and at last precipitate the
one upon the other ; or balanced by their cen-
trifugal force, it would determine them to re-
volve round a common center. But then,
there being so small a space between them, this
" motion ought to have long since been observed
at least by the telescope : the same stars would
have been seen sometimes going before, and
sometimes following behind: every thing
would be in motion in the firmament, and,
above all, in the milky way, where stars appear
in numbers like drops of dew upon the grass,
But no such thing has been observed ; and,
from the days of Hypparchus to the present
time, it has scarcely been possible to distin-
guish the smallest change of place in the fixed
stars,

All this serves to prove that the fixed stars.
are distributed in the regions of space, at dif-
ferent distances, proportioned to their respect«
ive spheres of activity, and arranged in series
the one behind the other.

12 ' CHAP:
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CHAP. III.

THE MILKY WAY. THE FIGURE OF THE
STARRY FIRMAMENT.

IN every other region of the skies, the stars
appear to us more or less frequent, or thinly
sown on a given space, but distinctly separated
from one another. The milky way presents
a very different appearance. The telescope
has shewn us, that this luminous zone, or gir-
dle, is a vast cluster of fixed stars, whose
light, mixed and confounded, on the retina,
paints in our eye nothing but a surface of one
continued whiteness. This immense assem-
blage of stars which seem to croud and press
one upon another, merits our closest atten-
tion.

The out-line of the milky way seems ex-
tremely irregular to the eye, and its breadth
very unequally verging from three deg. in some
places to 25 deg. in others even to go deg.
There are places where it appears broken,

lace-
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lacerated, or split into several pieces, some of
which seem to overleap the general boundary.
1In short, taken all together,. it is visibly de-
tached from the rest of the heavens, and the
-number of its stars, compared with those that
are without it, is like the ocean compared to a
drop of water. .

What then is the cause of this apparently
feeble light in the stars of the milky way ?
For all the fixed stars being destined to serve
the same end, we see no reason to believe
that these have a light originally weaker than -
the rest. It can only be on account of their
distance then, that they make a fainter impres-
sion on our senses. Themilky way lies in the
back ground of the other stars, at such an
immense distance, as prevents our discovering
its component stars otherwise than with a te-
lescope. This being the case, no reason can
possibly be assigned, why those stars should
not be in themselves equally large and lumi-
nous with cur Sun,

The circumstance of distance leads us to
conceive, inlike manner, that notwithstanding
their apparent proximity, they may be sepa-
rated from one anotherby vast intervals. And,
in fact, every thing concurs to persuade us,

13 that
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that there is a distance between them similar
to what exists between the other fixed stars ;
for example, between the Sun and Sirius, or
the fixed star the most contiguous to our sys-
tem. For if their object be the same with that
of all other Suns, if, like them, they are des-
tined to communicate light and heat to a mil-
lion of opaque bodies, upon what autho-
rity would we abridge their spheres of ac-
tivity by contracting their respective dis-
tances ? _

" But if we suppose that those stars are sepa-
rated by distances equal to those that the
other fixed stars hold in respect of one ano-
ther, we would thence draw this other conclu-
sion, that the stars of the milky way are ar-
ranged not in the same line, but the one be-
hind the other in immense serieses. Let us
recur to our isoceles triangle of the preceding
chapter, terminated by the line of a second,

which joins two stars of the milky way, sup- -

posed to be equally distant from us, and by
two lines drawn from each of those stars to the
eye. We have scen that one of these last
lines would exceed, by two hundred thousand
times, the distance between these two stars,
which, heweyer, as a result of our hypathe-

sis,



SYSTEM OF THE WORLD. 95

sis, cught to exceed by five hundred thousand
times at least our distance from the Sun. Thus
these two stars would be five hundred thou-
sand times two bundred thousand, that is to
say, a hundred thousand millions of times more
distant from us than the Sun. But can we
conceive, that at this prodigious distance they
should be still visible ? It is therefore impos-
sible that these two stars should be at the same
distance from the Earth: and, consequently,
it necessarily follows that the stars in the milky
way are some more, some less remote, and
that they succeed each other in numberless
serieses, stretching progressively into the abyss
of the universe. The stars ‘'which are out of
the tract of the milky way, being also, as we
have shewn, at various distances from us,
form similar serieses, though less extended in
length.

Let us consider at present the whole visible
stars in. mass, and we shall perceive that this
whole does not exhibit a spherical figure, but
rather that of a physical plane or disk, whose
diameter is much greater than the axis which
measures its thickness. In this plane lie'the
milky way, and all that is without it : it may
- be regarded as the ecliptic ot the other fixed

: 14 stars.
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stars. It represents a flattened cylinder, or.2
spheroid, which for arow of a hundred stars
in its thickness, ought to have a train of mil-
lions in its length ; and itis this that defines the
general aspect, or coup d’ail, for we see itinan
oval form. '

CHAP. 1V.
THE SYSTEM OF THE FIXED STARS,

LET us apply, by way of analogy, to space,
comprehending the whole universe, what we
know of space occupied by the solar world ;
and let us endeavour to rise, by just gradations,
from system to system, till we at last arrive at
the universal system.

The most simple system of which we can
form an idea, is a planet, such as Jupiter, Sa-
turn, or the Earth, with moons or satellites,
which revolve round it. The Sun, with all
its comets and planets, primary and secondary,
forms a system of greater intricacy; and to

' eack
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each fixed star is attached a similar system. In
short, the sum of all the fixed stars will con-
stitute the universal system. _

" But have we not been too rapid in our ar-
rangement ? Have we .not made too great
a leap from the second to the third gradation 2
Nature’s progress is-more slow, her advances
are more gradual, and there is every appear-
ance, that, between the second and third step
of the process, there is a vast gap to be filled
up by intermediate divisions.

It is natural, and in the order of things,
- that number, space, and time, should increase
proportionally, according as the system [ex-
pands. The Earth bas but one satellite, Ju-
piter has four, Saturn five, in the proportion of
their distances from the Sun and of their
masses, which render the borrowed light of
these satellites more or less necessary. The
Sun reigns over millions of globes. But in
respect of a system of Suns, millions will be
but a fraction. Let us conduct our enquiry
then by this principle of analogy, and pursue
the footsteps of nature. ‘

First of all, let us consider the milky way
separately from the rest of the heavens, from
which it visibly separates itself, and make but

one
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one system ot all the stars that are without it,
including sych as cover certain points of the
milky way, but which, being seen by the na-
ked eye, are at a very considerable distance
from it. In this system our Sun has his
place.

But do we not perceive, in the milky way
itself, certain intervals, or separations, which
indicate a plurality of system? In various
" places we observe it as it were crushed and
broken ; and, in its higher altitudes, it may
still contain numberless systems, which, hid-
den the one hy the other, prevent our disco-
vering the limits by which they are bounded.

All those systems of worlds resemble,
-though on a large scale, the solar system, i
as much as in each, the stars of which it is
composed, revolve round a common center,
in the same manner as the planets and comets
revolve round the Sun. It is even probable
that several individual systems concur in
forming more general systems, and so on.
Such, for example, as are comprehended in the
milky way, will make component parts of a
more enlarged system ; and this way will be-
long to other milky ways, with which it will
‘constitute a whole.

It
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- If these last are invisible to us it is by reason
of their immense distance. The fixed stars.
that are nearest to the Earth give us a certain
degree of light, in as much as in a fine night,
it so far subdues the darkness, as toenable us.
to see and distinguish the objects around us.
This light, though weak, may render a still
weaker light wholly imperceptible. Stars of
the seventh and subsequent magnitudes escape
our observation, nor do we see them even in-
distinctly, except when they are at once ex-
tremely numerous and crouded together ; wit-
ness the nebule, seen by the telescope. Hence
we may have an idea of the infinite number
of stars that people the milky way, which is at
such a prodigious distance from wus; for it is
to nothing but to the united rays of those stars
that we are indebted for the impression they
still make on the organ of vision.

It would not be at all astonishing then, if
milky ways, situated still farther from us in the
depths of the heavens, should make no impres-
sion on the eye whatever. But who knows
whether the pale light that is observed in
Orion, and through which Derham fancied he
saw the empyreal heavens, is not one of those
milky ways nearer to us than the rest ? and,

pers
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perhaps, by a diligent application of the teles-
cope,wemay discover elsewhere similar appear-
ances. The variations said to be observed in
this, ought not to discourage us. At our vast
distance from the object, it is scarce possible
that, seen across our atmosphere, and optical
instruments, it should uniformly display the
same aspect, and be equally well defined in
the bottom of the eye.

Here then is the milky way parcelled out
into various systems, each of which has its
center of revolution, and the whole of this
way taken together, still making but a very
small part of a great system in which it is in-
cluded, with an infinity of others of a similar -
description. In short, this great system has in
like manner its center, round which revolve all
the systems that compose it, as well as the par-
ticular center of each of those'systems. Here
we merely suggest an idea, which will be un-
folded afterwards, when we come to consider
more particularly the nature of those motions
and centers.

We now proceed to make a remark which
solicits our notice. All those systems of
fixed stars, that in which we are included, as
well as those in the milky way, are in the same

plane,
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plane, which, however, is extremely exten-
sive. But we have seen in the constitution of
the solar system, that in order to promote
its population, it was of consequence, that the
orbits of the celestial globes should not lie in
the same plane, but be inclined as much as
possible, to one another under different angles.
Why then is this principle applicable as it
is to the economy of great as well as small sys-
tems, not equally observed in both ?

We might answer, that the firmament, as
exhibited to our view, is but a small part of the
whole ; and that the milky way is, perhaps,
to the universe, only what Jupiter or Sa-
turn, with their satellites which are placed nearly
in the same plane with their planet, are to
the solar world. 'We might answer still far.
ther, that as the systems of the milky way are
not at rest, but in motion, we know not what
aspect they may assume in time to come, and
after the lapse of some myriads of ages. It
would however be singular enough, should we
- happen to live precisely in the period when
they occupy the same plane.

In the mean time let us attend to those
breaks or chasms which seem to trace out

even
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even to our senses the limits of visible sys.
tems.

First of all we see the milky way evidently
<detached from the starry heavens, which as we
-conceive, make a single system only where we
are pent up with our Sun and his whole train.
In orderto represent to ourselves this separa-
tion under a sensible image, let us fill up the
void which is between the milky way and the
rest of the heavens, by supposing it equally
replenished with stars.

Let us conceive a vast illuminated area ; place
upon the ground some thousandsof rows of
Jamps at -equal distances ; raise above them a
second tier of the same extent, and every
where of the same height,; in short, above this,
let there be a hundred similar tiers, one over
the other ; and let us place ourselves in the
«center of the illumination. If we turn our
eyes vertically up and down, we shall see fifty
lamps only, but the more we incline them
towards the horizon, the more the number
ot lamps that come under our eye will be
increased ; and this increase will be nearly
propertionate to thesecants of the angles. As
we thus survey the illumination, it wil appear

1 no
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no where interrupted ; we shall no where fimd
in it any thing analogous to that intervening
chasm or void so observable between the
milky way and the rest of the heavens.

But let us now withdraw one great circle
of intermediate lamps, allowing those to re-
main that are nearest, as well as those that are
farthest from us. What will be the conse.
quence ?  We shall see the former both larger
and more luminous ; the latter fainter, and ap-
parently more close to one another. This is
precisely the effect which the illuminated hea-
vens produce on our senses. We see the
stars of the milky way blended, and, as it were,
touching each other. This proves that a vast
void exists between them and the rest of the
hcavens ; if this were not the case, the inter-
zuption we speak of would not appear so sud-
.den and abrupt; it would be gradual, and we
should see the stars decrease in number by
little and little, even to the milky way. We
must add, that this is the only satisfactory ac-
countthat can be given of the apparent extreme

.xed stars in the milky way

similar chasms in the milky

1, by reason of its distance
they
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they are not so exactly defined. If we begin
by considering such of its systems anly as are
most contiguous to the system of fixed stars,
of which we make a part, and suppose them
at nearly equal distances from one another, we
can scarce conceive more than six of them in
the same plane ; the others are in higher alti-
. tudes and at greater distances. The apparent
diameter of the most contiguous systems will
scarcely be equal to the mean breadth of the
milky way, and will be about ten degrees.
Thus, if we take for our measure their true di-
ameter, the intervals between those systems
will correspond to six such.diameters.  Per-
haps, however, the apparent diameter, instead
of ten, will not exceed five or six degrees, and
thence one might conclude, that the vacant in-
tervening space between two systems, is ten
or twelve times the breadth of those systems.
In short, as the milky way, in spite of those
interruptions, appears upon the whole to be
continuedly one and the same, there must be
above its visible axis, numberless systems
which cover its vacuities. The milky way,
however, has its limits, and, as we have seen
above, it is possible to imagine an infinity of
others of which this makes but asmall part.

It
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It is unnecessary to inform the reader, who
has follagred us with attention, of the use of
‘those large voids between the systems of fixed
stars ; he readily perceives that they are for
the purpose of admitting orbits which require
a wider scope, in proportion as the system
becomes more complicated and extensive,

In considering farther the oval form of the
milky way, such as it appears to us, we find
its distance from the arctic to be g5 deg. and
25 only from the antarctic pole. It cuts the
* equator nearly into two equal parts. Whence
we may infer that our system of fixed stars is
not only somewhat out of the plane of the
milky way, but likewise nearer its circumfer-
-ence than its center, It is probable enough, that
the part of the milky way to which we ap-
proach the nearest, is that which cuts the co-
lure of capricorn, in the spot where its breadth
is double, where it seems as if it were divided,
where the small axis appears to pass through
and opposite to the constellation of Orion,
from which besides it was right to remove some-
what our Sun, in order to give the series of
stars ranged the one behind the other, a greater
length.

X With
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With respect to the position of the milky
way, relatively to others of the same descrip-
tion that is not easily determined, because we
know nothing positively of any other but this.
Hitherto we have only shewn that the pale
light seen in Orion may be something of the
same kind, and that more of those lucid ap-
pearances may be discovered by diligent ob-
servers. '

In fine, we may also proceed eastward in
our. system of fixed stars. We shall at least
perceive, that our Sun is not in the extremity
of the system of which he makes a part. This
system being separated. from the rest by an
immense inverval, were we placed on
its confines, we should see the stars of the
first magnitude in one hemisphere of the Sun
only. But we see them in part every where,
and consequently the Sun is nearer the center;
though we must not carry him too near it nei-
ther, for reasons that shall afterwards be as-
signed. DBut at what distance, in what pre-
cise situatior he is placed, we know not.

CHAP,
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CHAP. V.

GBJECTION.—LIGHT OF THE FIXED STARS,
AT WHAT DISTANCE IT IS
PERCEPTIBLE.

THE milky way offers to our view, by rea-
scn of the distance of its stars, atract of one
continued whiteness. This confused image
dissolves in the telescope which exhibits it in
its whole extent, sparkling with luminous
points, distinctly separated from one another.
But how is it possible, that at such enormous
distances as we attribute to those stars, we

“should be able to distinguish them? Or, that

" our instruments should be powerful and per-

fect enough to subdue all the heterogeneous
Tlight, and present them to us in the form in

which we see them ? This leads us to an op-

tical discussion which is none of the most

easy.

As long as we can distinguish an object with
the naked eye, its lustre remains nearly the
same at all -distances and in all situations.
Here we may disregard any variety occasioned
by a greater or smaller aperture in the pupil of-
the eye, for which it is easy to make allow-
ance, and consider the aperture asa permanent

Ke quantity.
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quantity. Thus, as long as an object is dis-
tinctly painted on the retina, we see it in its
true light or brightness. If the Sun were as
far from us as he is from Saturn, or even far-
ther, that distance would in no degree diminish
his lustre, though we should see him a great
deal smaller.

Let us now suppose that an object withdraws
from us to such a distance as that we can no
longer have a distinct view of it, nor distin-
guish any thing on-its surface : two cases will
come to be considered. Either this object re-
tains a certain extension, or it appears but
like a point.

If it has a visible-extension it necessarily
follows, that the light emitted from its different
parts will be mixed and confounded; whence
results a compound or inean light composed of
all these partial lights; and this mean con-
tinues always the same without regard to dis-
tance. It is for this reason that a wall on
which the Sun shines, appears, whéther near
or at a distance, equally bright, so long as it
reflects the light under the same angle ; and
were the Moon to approach the Earth we should
see her larger, but not more luminous; it is
true, that in this case, a greater quantity -of

light
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Iight would fall into the eye ; but it would be so
much the more scattered on the retina, and by
this means the excess of its quantity would be
balanced and destroyed. Itis for this reason
alsothat we see equally well with a convex and
concave glass.

It is quite otherwise when a confused ob_]ect
appears under the form of a point. In this
case the rays are dispersed on the retina, and
occupy a larger space than they would do, if
we saw it distinctly. Two of those points that
are near each other coincide, and form but one
inthe eye. It is this that deadens the lustre of
the fixed stars; for at what distance soever
they may be from us, could we view them
distinctly, their lustre would strike us with the
same vivacity as that of the Sun.

We endeavour to obtain this distinct vision
by the means of glasses, to which, in respect
of brightness, we may apply all that has been
said of the eye, with this single difference, that
here distinct vision depends much less on the
aperture of the pupil, than on that which is
given to the object-glass.

It follows that glasses do- mot give all thc
brightness to objects they would be seen in by
the naked eye, were the naked eye in a situa-

K 3 tion
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tion to see them as distinctly. But, as they
diminish it in a just proportion, and, what is
more, without regard to distance, they are the
means of supplying us with a term of com-
parison. If we wislrto compare, for example,
the different degrees of brightness in the
planets, we must observe them with the te-
lescope which brings them distinctly into
view.

In consequence of this, if a fixed star whose
inherent brightness equalled that of the Sun,
was painted in the field of the telescope, under
a figure equally well defined, that star would
have the brightress or lustre of the Sun. seen
by the same instrument. But the appa-
rent diameter of the nearest fixed star scarce
making the fourth of a third, we must relin-
quish all hope of ever seeing one of those stars
so distinctly expressed; and, therefore, they
will always be more extended on the retina
than they would be were they scen in distinct
vision.

Let us take a telescope which magnifies a
hundred and twenty times; the diameter of
the star instead of a fourth of a third, will ap-
pear of half a second; hitherto we have no
reason to believe that we can see distinctly un_

der

]
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der so small an angle. The reason is this,
that the lustre of the star, though falling on so
minute a point of the retina, has, nevertheless,
an equal force with the light of the Sun which
falls upon the same point through a telescope ;
an impression of this intensity could not fail
to communicate vibrations to the adjoining
fibres, and consequently enlarge the image by
diffusing it over a larger surface.

This hinders not that the telescope should
serve to render the image more distinct, and
to give us a more lively sensation of its lu.
minous points by the approximation of its parts
to the retina ; and, hence it is, that the fixed

stars appear smaller, and, at the same time,"

more brilliant, in proportion to the excellence
of the instrument we employ. We have first
supposed the diameter of the telescopical star of
half asecond; let us now suppose that the vi-
brations communicated to the fibres extend it
to five seconds; the star will still continue
smaller than it appears to the naked eye, which
sees its diameter constantly under an angle of
at least two seconds, and consequently twenty
times larger than in the telescope. Thus is the
lustre ot the star diminished nearly six hun-
dred times to the naked eye; and, if we take

K 4 it



118 . SYSTEM OF THE WORLD.

it at half a second, the diminution will go the
length of sixty thousand times.

The difference of distance in the fixed stars
in respect of brightness is imperceptible in the
telescope, and in this view their distance may
be conceived to be infinite ; but it diminishes
their apparent magnitude. Let us supposs a
telescope perfect enough to subdue the parallel
rays in such a manner as to concentrate them
in a single point of the retina; the image of
the more remoté stars would, no doubt, be
{essened, but without losing any degree of
their lustre. The question then would be re-
duced to this ; to determine the smallness of a
point in the retina, on which a light equal to
that of a fixed star by being their concentrated,
would cease to produce any sensation what-
ever. But, how delicate and flexible soever
the visual fibres may be, this point ought to be
infinitely more so, in order that such a light
should no longer occasion any sensible motion
in the nervous mass.

Although neither our eyes norour glasses be
mstruments of soexquisite a construction as to

‘reproduce on the retina each geometrical point

that they transmit, they nevertheless approxi-
mate this perfection, inasmuch as we have the
advantage
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advantage of adjusting the telescope to the
tocus of the eye. By this means we are:
enabled to distinguish a point whose apparent

diameter i the telescope is scarcely a second..
Spectacles make us sec objects as if they were

placed at the distance of eight, ten, twelve

inches: but M. Muschenbrock is convineed

by experiment, that at this distance we can

discern a thread not exceeding the 1,948th part

of an inch in thickness, and consequently
whose apparent diameter is not even a second..
There is no manner of doubt that we thus dis-
cernaspark on the point of being extinguished..
Since then the distance of the fixed stars affects

their apparent magnitude enly without oc-

casioning the smallest ehange in their lustre,.
we conclude, that the fixed stars might be
drawn back to a distance exceeding, by

some thousands of times, their actual distance,

and still be visible in the telescope ; for this

will happen as long as they continue to excite

a sensation in the eye.

Though the image of a star on the retina
should be smaller than the fibre on which it
falls, it will, nevertheless, make it wholly
vibrate ; as the idea of magnitude is at-
tached to this vibration, all the stars seen witb

the
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the same instrument ought to appear of the same
magnitude, and merely as luminous pointss
But there will be a difference in their bright-
ness, since the vibration will become gradually
weaker in proportion as the distance increases.
It must be weakened, however, by innume-
rable shades of difference before it becomes al-
together insensible ; for, since nocturnal dark-
.ness itself does not wholly deprive us of the
sight of surrounding objects, we may hence
infer what must be the sensibility and delicacy
of the visual fibres; a star would still excite
a sensation in this organ even were its light to
become much weaker than that of a wall or
bit of paper under the light of the Moon.
The brightness of the Moon is near five hun-
dred thousand times less than that of the Sun
and fixed stars: the brightness of paper seen
by moon-light has scarce a one hundred thou-
sandth part of the lunar brightness; so that we
might diminish by fifty thousand millions of
times the brightness of a fixed star, before it
ceased to be as bright as a piece of paper un-
der the light of the Moon. To what an im-
mense distance, then, in the heavens must not
the star Sirius have dived, before he dwindled

in the telescope to his present feeble light;
and,
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and, hence we may judge, in proportion of
the distance of the stars in the milky way.

Again, the service we derive from the te-
lescope does not so much consist in discussing
the false and heterogeneous light, which throws
a confusion on the image; that would, in some
sort, be an inconvenience, in as much as with
it we should lose a great part of the light of
the stars, while their lustre would be dimi-
nished. Its great utility arises from its col-
lecting and concentrating their light in one
point, and witlr a precision proportioned to-the
excellence of the instrument. It is this pro-
perty which preserves to the point the whole of
its lustre, a lustre more or less vivid in pro-
portion as the point is more or less accurately
defined on the retina. Of this the satellites of -
Jupiter and Saturn supply us with an example;
it we do not see them with the naked eye, it
is because their light is dissipated befare it
reaches us; but the telescope which collects
their scattered rays shews us these satellites al-
most as clearly as their planets; nor would
there be the smallest difference in this respect,
if the telescope was powertul enough to ex-
hibit them in- the same distinet vision.

It
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It is then extremely possible to perceive stars-
‘that may be thousands of times farther off than
those of the first magnitude ; and this is, no
doubt, the case with the stars and systems of
the milky way.

Galileo counted four hundred stars between:
the sword and belt of Orion, a district of ten
degrees in length, and one in breadth. The
heavens, considered as a spherical plane, con~
tains 41,253 of those degrees. Thus reckon-.
sng forty stars to a degree, and supposing them
every where distributed in the same proportion,.
we shall have in all 1,650,120 stars.  If we
place twelve about the Sun, four times twelve:
in the second order, nine times twelve in the
third, and' so on, making their number in-
crease as the squares of their distances, we
shall find, including the Sun, seventy-five -
distances or orders,. before we arrive at the sum-
total, or the number 1,650,120. Thus we
shall have, in our system, stars of the 7sth:
magnitude, whilst the smallest that we see with.
the naked eye are of the 6th. Taking, there-
fore, for our rule of measurement, the dis-
tance of Sirius, the diameter of the system:
will be equal to a hundred and fifty times this
distagnce. We have placed the system nearest

to
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tous in the milky way at ten times a greater
distance. The inner diameter then of the milky
way willicontain this measure about fifteen hun-
dredtimes. Astothe outer diameter, considering
the vast quantity of stars which we have ranged
by hundreds, the one behind . the other in re.
plenishing the milky way, it is not to be ex-
pressed by so moderate a number.

After all, ht_)wever, we cannot imagine that
the most remote stars in the milky way should
beseen even by our best telescopes. Their ex-
treme smallness must gradually withdraw them
from our view, emitting, at last, only a very
pale co-incident glimmering of light ; it being
highly probable besides, that their light is] in
some degree, intercepted and weakened in the
ether as well as in the atmosphere of other sys-
tems which it has to traverse.

CHAP.
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CHAP. VI

MOTION OF THE FIXED STARS.~—IJTS NATURE,
ITS VELOCITY, ITS DIRECTION.-—
ORBITS.—UNIVERSAL MOTIGN.

NOW that we have given motionto the fixed
stars, what are the nature and properties of this
motion ? Such is the subject of the following
discussion.

The motion of the fixed stars is either rec-
tilineal or curvelineal.

It it is rectilineal, it must either be conver-
gent or divergent.

If it is convergent, all the stars will have a
tendency to one another, or towards a com-
mon point of re-union. This would be the ne-
cessary effect of the centripetal force. If our
Earth obeyed this force alone she would re-
quire but 64 days to fall into the Sun. The
other heavenly bodies would take more or less
time proportionally to their masses and dis-
tances; but sooner or later they would all ar-
tive at the same point, and be hurled together

in
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in one hideous ruin. A fearful spectacle where
disorder and all the anarchy of Chaos would
reign in triumph.
Dans le trouble et I’horreur, 1a nature expirante,
Jusqu’ au Tronc de Dieu porteroit Pcpouvante.

If, onthe contrary, this motion were diver-
gent, all those bodies would recede to infinity
from one another, and the world would be dis-
sipated in the immensity of space. Every tie
of connection would be dissolved : and, from
that moment there would he neither union, nor
harmony, nor system.

Such are the inconveniencies that would re-
sult from rectilineal motion, not to mention,
that in general this species of motion is too
uniform to answer the purposes of so com-
plicated a machine as that of the world.

According to the laws of mechanics, a body
upon which motion has been impressed, pro-
ceeds in the same direction until it is diverted
from it by the application of a new force;
hence we must have two forces, the centri-
petal to prevent the dispersion of the world,
and the centrifugal to prevent its collapsing in
one ruinous heap; and, these two forces must

balance each other in equilibrio. From both
results
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‘vesults curvelineal motion, which sustains the
heavenly bodies in their orbits and makes them
travel round a-centre.

The motion of the fixed stars is analogous
then to that of the globes of the solar world ;
wtheir orbits lie in every possible position and
-inclination.; for. this reason we see these stars
distributed through the whole of surrounding
'space: an appearance which they would not
have were their orbits in the same plane.

It is no less probable that their orbits are of
every description, and ‘that in this respect the
same variety obtains as in our system; a va-
riety which is necessary in order to augment
the number of orbits and the population of the
universe. Perhaps the observers of ages to
come may, one day, discover what sort of
elipse is described by our Sun in the system to
which he belongs, and under what degree he is
inclined to the plane of the milky way.

All the systems of fixed stars are separated
from one another by vast intervals, some of
which we perceive, that in particular which is
between the milky way and the rest of the
heavens. The whole of those intervals are
-occupied by orbits,. Were we to give scope
to the imagination, we might conceive here as
1 in

‘
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in the solar world, hyperbolical orbits, in which
fixed stars, with all their train, travel from
system to system, perhaps from one milky way
to another. But who will undertake to esti-
mate those vast perambulations? Number and
measure fail us, infinity and eternity absorb all
our thoughts,

The velocity of motion in the fixed stars
must be very unequal, and must suffera gra-
dnal diminution in proportion as they are re-
moved from the centre of their revolution.
If, as we have already suggested, the Sun be
not at the extremity, but rather towards the
centre of the systemin which he is placed, his
‘motion ought to be so much the more rapid:
on the other hand there will be fixed stars
in the system, perhaps, of the sixth mag-
nitude, whose motion is a great deal slower.
If ever the astronomer should come to know
the paralax of the Sun’s orbit, he will see
much farther into all those motions, and the dif-
ferent distances of the fixed stars will be gra-
dually revealed. Then, one might take for his
basis the portion of this orbit which isdescribed
in a certain number of centuries, and compare
with it the change of place in the fixed stars ;
and, upon these data, we might found an ope-

ration, as we do in determining the orbit of a
L comet,
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comet, by three observations. But what m-
creases the difficulty here is, that we do not
know where the center of our system is si-
tuated : we shall see afterwards what we may
fairly conjecture on this head.

Let us endeavour, hypothetically, at least,
to compute the velocity of the fixed stars.

T suppose since the days of Hypparchus, or
to make use of a round number, since two
thousand ‘years, the nearest fixed star has -ad-
vanced in its course a quarter. of -a degree, a
supposition, ‘which making allowance for in-
accuracies, will agree tolerably well-with the
catalogue of Ptolemy. I give to this fixed star
a distancefrom our ‘Sun five hundred thousand
times greater than that of the Earth. If we
-make this number express the radzus of -a <ir-
cle, we shall find that the star has trawersed
four thousand of those radi in two thousand
years. Consequently, the star traverses two
of them annually, or a .space equalto a dia«
meter of the Earth’s orbit, which making a third
of that orbit, the star’s velacity will be three
times less than that of the Earth.

But we .suppose, in this -computafion, that
the Sun remains all the while at rest, and that
the star pursues a circular motion round him;

but
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but, as this is by no means the case, the mo-
tion which I have just assigned it is only rela-
tive, and will increase or diminish according
as the dir;cti(m of the motion is changed: for,
in the same manner as the motion of the Earth
shews us. the planets, sometrmes proceeding
straight on in their courses, sometimes retro-
grade, and sometimes statromary ; the motion
-of the Sun ought to exhibit the same pheno-
mena in that of the fixed ‘stars which revolve
with him about a common centre. There will,
therefore, ‘be stars whose change of place will
be imperceptible, and others where it will be
more or less.so. Now, inlihiting thechange
of place the most sensible to a quarter of a de-
gree, 1 must suppose. myself in the .most fa-
vourable circumstances for observing it, when
the Sun and the- fixed star move in ‘opposite
directions ; and that will reduce the absolute
welocity of the fixed star to the half 'of what I
have mentioned, I mean to a sixth part of the
velocity of . the Earth.

Thus the gravitation of the star towards its
centre of revolution becomes, in fact, very
inconsiderable,  when we reflect on the magni-
tude of the ‘curve.in which the star revolves.
It must, however, greatly exceed its gravia-

L2 tion
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tion towards the nearest star which we conceive
to be our Sun. Forthe velocity of the planets
being in the inverse ratio of the square root
of their distance from the Sug, if Jve apply
the same law to the velocity of the fixed stars
five hundred thousand times farther from the
Sun than we are, it will be seven bundred times
less than that of the -Earth ; whereas it is only
six times, and, consequently, it moves about
a hundred and twenty times quicker, than if its
centripetal force depended on our Sun. But
all this, .as we have observed abave, is mere
hypothesis, -since in fact we know nothing of
the change that has taken place in the position
of the fixed stars from the days of Ptolemy.

In-short, as the apparent change of place in
the fixed stars depends on the. motion of the
Sun as well as on that of the fixed star itself,
from thence, perhaps, we may in time derive
the means of determining towards what region
of the Heavens our Sun holds his course.

But what portion of time must elapse before
we arrive at the knowledge of the Sun’s revo-
lution ? Would a Platonic year suffice ? Per-
haps in the course of such a period he traverses
only one sign -of his zodiac ; and, as to stars
farther removed fram the centre, or placed in

the
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‘the extremities of the system, what space of
time would they require? What is the period
of intire systems? And what the sum of that
of a whole milky way ? Here there is enough
to make the head turn giddy. Those divisions
of time are so enormous, so allied to infinity,
that we may regard them as fractions of eter-
nity. :

Thus every thing revolves ; the Earth round
the Sun; the Sun round the centre of his
system; this system round a centre in com-
mon to it with other systems; this group,
this. assemblage of systems round a centre
which is common to it: with other groups ot
the same kind; and where shall we have
done?

Lg ‘CHAP.
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CHAP. VIL

CENTRES..

EACH fixed star gravitates towards a cen~
tre,. and has a motion round it; and in each
system of fixed stars resides a common centre.
But is this centre only a point in empty space,
or is.it occupied by a body ? This is the first
question we have to examine.

Proceeding by a rule of analogy, it should
seem, that we ought to admit a central body;
which, as sovereign of the system, governs all
the bodies that revolve in it; and directs their
motions. Such is the sun in the solar systems
and such ought to be some large- body in' each
system of fixed stars._

I do not absolutely affirm, that central mo-
tion could not exist in a system whose cén-
tre is nothing but a point in vacuo ; because I
have no doubt the bodies of ‘which it 1s com-
posed would nevertheless gravitate one towards
another: thus, were the sun withdrawn from
the system, the planets and comets would'still
continue to revolve round the common centre
of gravity. By reason, however, of the ‘vast

distance
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distance of the fixed stars from one another,
reciprocal gravitation would be extremely im.
paired; and consequently, for the same reason,
it would be necessary to diminish their centri,
fugal force to prevent its preponderance; with-
out this, it would carry off those bodies at tan-
gents, and dissolve the system, By that means
the motion- of the s@ar; would be greatly re-
tarded. .
Moreover, the same motion instead of being
simplified, would become more and more com-
plex. The mean direction of gravity in each
star, would be composed of I know not how
many millions of simple and particular direc-~
tions, and consequently subject to perpetual
variations. In proportion, thezefore, as a sys-
tem is of vast extent and made for duration,
the more it requires to be governed by a sim-
ple and general law. We have only to attend
to the solar system, and we shall perceive the
utility of a central body on which the whole
depends. In virtue of this body, it rarely
happens that the planets and comets disturb
each other, and these extraordinary instances .
form but trifling exceptions. But were we to
retrench the central body, the general law

would be destroyed, and the exceptions alone
. L4 ' would
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would remain.  Harmony, in that case, must
be the result of an infinite combination, of in-
dividual and discordant impulsions ; insomuch,
that the more our view of the whole became
comprehensive, ‘the more we should find the
system, instead of tending to simplicity, con-
fused and perplexed.

‘We may add, that as the fixed stars gravi-
tate towards ene another, with their whole train
of planets and comcws, we should bave the
more reason to dread the intreduction of anar.
chy, were they uncontrolled by any eentral
body. - It is hardly conecivable, that in the
solar system somany bodies, the sum of whose

mmgrczdy ‘exceeds that-of the sun, sbould -

mave withregulazity in sheir orbits if he were
wishdrawn,: - Wish how much more season
then ought we ot %0 ifvesk those: vast systems
of - fixad- stars with 2 central hody, powenﬁll

enengh to regulate their motions. ;
- But,. whas shalt we say-of usemblaggs of
systems. . of milky -ways; tahen 28 a -whabe?
What disander must nat awisq in the heavens,
wgre, we: to: vacuhie particular as,wel as coms
mon- centrea? How should we imagine . that
millions of millions of planets, of camets, of
sums, of sysems.of suns; cf systems of sys.
. , tems,
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tems, could peaceably pursue their courses,
amidst an infinity of orbits mixed and twisted
in each other, if all the centres were in empty.
space, if the directions of their respective gra-
vities were varying every instant, if the go-
verning, law of their motions were nothing but
a whimsical composition of an infinite number
of exceptions; if, in short, there no where-
existed a common and preponderatisig gravita-
tion, in condition to regulate the play of this
immense machine, and to reduce it to uni-
formity ?

Were we to expel the san fsom the common
focus of the orbits in our system, it.could be
necessary to diminish consrderably’ the costri-
fugal force of the plawets and 'cpmets, other-
wissthey would fly off s the tangems of their
axbity, téceding graduslly from:the centre - till
theip »at length lost theniscbves m the' indefinite
regions of space. ‘Ner ‘would even this pre.
cautiop be sufficient: AW the bodies in ‘this
sysiem-would, by slow degrees, approath Ju-
piter, .the “most powerful of the planets, and
begin to sketck out mew. orbits ‘around him.
At first there would oucurvarious disorders ;
it would be something like a state of general
insurréction; at length Jupiter would assume

the
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the reins of government, and take possessiont
of the centre of gravity, how distant so ever he
might have been from it before. The gravity
of the other bodies would no longer bein con-
dition to displace him; for the efforts of his
next neighbours would ‘counteract each other
by their opposite directions; * while the
more remote would coalesce in their gravita-
tion towards Jupiter himself. Were Jupiter
to be dethroned, Saturn would have-the best
right to the empire.- And in general it should
seem, that the centre of no system whatever

can. long remain empty; sooner or later the

most puissane body ef the system would get
possession of it, and the vepublxc would be
changed into a monarchy. :

In fine, it is not easy:to conceive 1he«centne
of a system which resides in.empty space ;-on
this supposition difficwsies' occur, which-are
not to be resolved ;. -and why should we seel'to
encounter them: without necessity # k<an easily
imagine two bodies should move: in the same
plane, describing constant and regular elipses,
ar circles, about a centre or common. focus.

The great axis -of these elipses will be jn a

* It may be 5bjected, that these directions vary each

instant, and therefore might at length coincide,
. straight
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straight line, and their aphelions opposed to
each other : but it is necessary that those bodies
should always make a straight line-with their
common focus, and comsequently accomplish
their revolutions in the same time. It is even
possible to conceive three or more of those
bodies in motion according to the same laws
But we must regard the equality of their pe-
riods as physically impossible. And yet, if
we do not adhere to it, or if we make those
bodies move in different directions and planes,
nothing will remain either fixed or permanent.
Whence it appears, that a central body answers
Jnfinitely better the purposes of regularity, va«
riety, and-all the requisites of system.

But what is the nature of those central bo-
dies® or ‘what are the properties that entitle
them to the post of honor in which they have
been stationed by the creator? -

The first of these properties is a mass of suf.
ficient moment and importance to retain the
system or systems'in their dependence in due
order and subordination. It is necessary that
the central globe should .be in conditien to
poize all the bodies which revelve round it;
whatever position they may hold in relation to

it; and that it should mever be disturbed i in
such
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such a degree as to be drawn very sensibly
from the common centre of gravity,. Thus it
is, that the united efforts of Jupiter and Saturn
are of:no consequende, as vpposed to the force
of the sun: he resists them by the preponder-
sting weight of his mass ; and though the united
masses of the planetsand comets greatly exceed
his own, it nevertheless énables him to make
head against them all;. for his deficiency in this
respect,.. 1s amply compensated by the vast
number of ‘bodies that every where surround
him, and whose attractions on the one side are
balanced by attractions in a contrary direction*.
Besides, the centre of the sun is that’ “of -the
solar ‘system, at Teast, I believe there i§ not the
bréadth of 'an inch between them. The case
would 'be “diffrent with Jupiter, ‘wére hé to
usurp the supreme authority ovet our world;
his fnass would not be sufficient for his support
agamst 50 ‘many rebellious subjects. ’ Saturn

abov\e all, “would bea very formidable vassifof

TN
*; It is true, that the jBreater the, number of plapem‘and
comets, the seldomer |t wxll happen that those bodies
shall find themselves on the same side relatxveiy to the
common focus. But unless we suppose; that ‘i - the' firs,
arrangement . of . things, this. ¢ase wisrforeseen  and:pros
vided 3gainst, in the course of a cettammmbqt qf 1evolus

¥ons, it may and must occur.
his
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'his empire, against whom it would be necessary
'to oppose a great number of minor vassals, in
-order to preserve his balance.

As the central body of .our system cannot be

.either a planet or. a comet; the central body of
asystem of fixed stars cannot, for the same

reason, become one of those stars, since he

 has enough to do to maintain his place at the
«centre of the-system that obeys him, without

«carrying his pretensions higher, by aspiring te
reign over a world of stars that are his equals.
For this purpose we must have, if I may beg
allowed the expression, a more rcspectabl: and
-despotic mass. . o

A fixed star would maintain n,seli in, the
«centre of a system pf fixed stars oply in.virtue
-of gppasite attractions of gravity in the, gther
‘stars, . without exeitihg any force or energy of
itsown, Thus it wouldbe wn the same situation
as ;f it had either no native gravity at all, orat
most in an .evanescent and. msensxble degree.
Here let us again observe, that no fixed star,
w‘ere it even acemral one, can be at rest; but
‘must move with the systein of which it is the
centre, round another ceBtic cOMmOR 40 seve-
1al systems; - and that the laws of motion' cught
¢o acyuiite’simplicity in proportion as ‘the sys-

tem
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tem becomes general and extensive. But the
central star, of which we have first spoken,
having no gravity in itself, neither would it have
velocity, or it would have it in an infinitely
small degree, becauseteither i would not be
diverted at all, or infinitely little from a straight
line. Here then would arise, I do not say a
very complicated species of order, but, in rea.
lity, the subversion of order; the remotest
stars would have the most rapid motion, a ra-
pidity which would gradually diminish in pro- .
portion as the stars were more contiguous to the
center. Thus every consideration leads us to
lodge in the centres, bodies of a force equal to
the preservation of good order in their respec-
tive realms, -and to carry all those realms
Tound a central body on which each of them
-depends in its turn.

Let us proceed to another question. Is the
central body of a system opaque or luminous
in itself? We can perceive no utility in its
possessing an original and underived light.
Should it be for the purpose of illuminating the
fixed stars ? They have no wantof it. Orin
order to illuminate itself ? This benefit it may
have from the Suns that are next to it. Light
seems to be intended for the use of opaque bo-

' dies
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~ dies only; it should seem then that things ought
to be so constituted, that epaque globes revolve
round luminous centres, and luminous globes
round opaque ccntres.

But what must be.the enormous magnitude
of those bodics which reign over whole sys-
tems, balancing globes of such vast masses,
and making their attraction felt even to the ex-
tremities of their empire. The central body of
the system .to which we belong must have a
diameter, at least, equal to the whole circum-
ference of the solar system, If, contrary to
our opinion, the fixed stars which are out of
the milky way, constitute more than one sys-
tem, we should be tempted to suspect that there
are gpaque, centres in those regions of the
heavens where astronomers bave observed the
appearance of new stars and the disappearance
of others ; this appearing and disappearing of
stars, m@ay be nething. more than an eclipse.
But much light will be thrown on the whole
of this subject, when it comes to be known in
what degree our Sun gravitates towards the
cex;);)‘c of the system of fixed stars to which
be bglongs.

Atfter all, the magnitude of those bodies
ought not to alarm us; for, in the first place,

we
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‘we have nothing to do with their bulk, but
‘with their density or quantity of matter by
-which the law of gravitation is regulated. We
:have no idea of the density of matter that is
ot porous ; perhaps gold, the most dense of
‘terrestrial substances, would be found a mere
-spunge compared with such a central body.

Besides, nothing is either great or small in
‘immensity : and, since on the wing of light we
‘can traverse the vast regions of the Heavens,
masses and volumes ought no longer to excite
our astonishment. Beginning with the satel-
dites, even suns are but bodies of the first mag-
nitude, the centres of the fixed stars of the
fourth, those of groups of systems or milky
ways of the fifth, and so of the rest.

The sum of the milky ways taken together
have, in like manner, their common centre of
revolution; but how far soever we may thus
extend the scale we must netessarily stop at
Jast ; and where? At the centre of centres, at
the centre of creation, which I should be in-
clined to term the capital of the universe, in as
much as thence originates motion of every
kind, and there stands the great wheel in which
all the rest have their indentations. From
thence, in one word, the laws are issued which

1 govern

“
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govern and uphold the universe, or, rather,
there they resolve themselves into one law of
all others the most simple.

But who would be competent to measure the

space and- time which all the globes, all the
worldsall the werlds of worlds employin revolv+
ing round that immense body, the Throne of Na«
ture, and the Footstool of the Divinity ? What
painter, what poet, what imagination is suffi-
tiently exalted to describe the beauty, the mag-
nificence, the grandeur of this source of all
_ that is beautiful, great, magnificent, and from
which order and harmony flow in eternal
streams through tbc whole bounds of the uni-
verse ?

Baut, as those centres are bodies of such pro«
digious magnitude, would it be impossible to
discover where they reside? Would it be im-
possible even to see them ? Might we not, at
least, discover that of the system to which our

-Sun belongs ? Let us not despair: time, ob«
servation, the sagatity of astronomers, and di-
Ligent research may carry us much farther than
we are apt to imagine.

The change of place in the fixed stars being
fully ascertained, the paralax of the solar orbit
would be the best mean of discovering the
: M centre
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centre of their revolution. Here the case is
the same as would be that of the inhabitants of
the Moon if they could not see the Sun; for
the Earth is to him in respect of his motion
round the centre of fixed stars, what the Moon
is to the Earth in respect of her motion round
the Sun. ‘

If we suppose, therefore, the inhabitants of
the Moon are as able astronomers as ourselves,
they will have two methods of discovering the
Sun’s place.

The first will consistin determining the elipse
which the Meon would describe round the Earth -
if she were governed by the Earth’s attraction
alone, and then in finding the places of the great-
est deviation from this elipse produced by the
attraction of the Sun. In respect of velocity,
for example, the deviation would be most sen~
sible either after conjunction or apposition,
and these places being given would shew .that
of the Sun.

. By the other method they would deduce
from a .certain number.of observations the true
place of the planets; an operation which they
would perform with the assistance of Kepler's
laws, nearly inthe same manner as we find the
places of comets, though with somewhat more
difficulty. The revolution of the Moon round
the
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the Earth, and the distance of the one from the
other would give them a paralax which they
might employ with much more advantage than
we can the annual paralax of the Earth’s orbit
in relation to the fixed stars. But this last.
would also render them the same services which
we hope to derive from the paralax of.the Sun’s
orbit. : 7 :

It is by similar methods, then, that we ought
to proceed -in order to get acquainted with the
system of fixed stars to which we belong, and
to discover its centre. This may be found

- practicable..in process of time; and we will
then know our distance from that point. We
have no neason to imaging that our Sun is placed
at the centre; but neither does it appear that
ke is farther removed from it than by a few
stars : so.that his mation ought to be more ra-
pid than that of stars situated at a more remote
distance, All this will same day contribute to
determine the place of the central mass.

_But, if we suppose tigis. body is of an enor-
mous,bulk, and.illuminated besides by one or
mare, fixed stars,. it should certainly seem that
we oygltt to perceive it in whole or in part with
tha bﬁlp of the telescopes. As we are at no
prodigieus distance from it, its apparent dia-

cLo M2 meter
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meter even to us may be very considerable;
and, how weak soever its reflected light, it
cannot be enfeebled in its passage to us in such
a degree as to be rendered imperceptible. En-
lightened by one or more Suns, this bedy
ought to present phases analogous to those of
the Moon. Perhaps it may have spots like the
other globes ; a circumstance which ought also
to create a variety in its aspects. The diameter
of the Sun is about double the diameter of the
Moon’s orbit; that of our central body then

may, without exaggeration, be supposed to be.

.greater than the diameter of the orbit of Sa-
turn.  Such a body, were it illuminated only
in an equal degree with that planet, ought not
‘to be invisible.

But are we sure that we peérceive nothing
like it ? Has not that pale light in Orion which
‘we were at first inclined to take for a milky way,
agreater resemblance to the enlightened side of
a central body? Derham did not view it as a
luminous body, but rither as a sort of opening

through which we discover something illumi-.

nated, probably, by the reflection of the em-
pireal heavens. The appearance -corresponds
mfiinitely better to an illuminated body than to
a collection df -stars ‘shining with their mative

lustre.

[
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lustre. Certain variations have been observed
in the visible form of this light; a circum-
stance which accords better with the spots and
aspects of a central body than with a mxlky
way ; where such variations could not be per-
ceived in so small an interval of time, unless
we were disposed to explain them from a
greater or less degree of transparency in our
atmosphere at different periods. "

In fine, this body would be precisely in the
region of the heavens, where it should seem
we ought to seek for the centre of our system.
The Sun, by which it is illuminated, may ap-
pear to us but a small star; while the central
body itself, whichis incomparably larger, may -
be visible to us under a sensible diameter.
The stars that are observed under the pale light
of Orion, are certainly arranged in series one
behind another, at different distances, other-
wise they would be toomuch crouded. Finally
it would be requisite that we observe the va-
riations of this light but a few years, in or
to determine whether from their regularity v%
are not warranted to- infer. either phases or
a rotatory motion..

If we could see the centre of our system of
fixed stars, it would not be impossible that we

) M3 might
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might discover also other centres; for theix
magnitude increases in proportion to the large-
ness of the system, and the largeness of the
systems in proportion to their complexity. I
say we might see those centres, unless the
weakness of reflection, the vast length of way
the light has to travel, or the superior bril-
liancy of the fixed stars should rob us of that
spectacle. 'Who knows but the eye, assisted
by the telescope, may at length penetrate all the
way to the centres of the milky way, and why
not even tothe centre of the'universe?
Besides, a principle of analogy should seem to
require it. The central body oughtto extend its
influence even to the extremities of its system ;
and, consequent}yought to appear undera sensi-
blediameter, orat leastbe visibletothe telescope.
It is thus that the satellites see their planets, and
the planets their Sun: the most distant planes
still sees him under an angle of more than three
“minutes: - the comet of 1759 sees him from the
summit of its aphelion under an angle of a mi-
fute : a comet, whose aphelion is at sixty times
a greater distance, sees him from the same
point under the angle of a second; and this,.
in a good telescope, would exceed two mi-
nutes. ' It may be questioned whether any:

comet
.
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comet retires to so great a distance from the
Sun; for a comet of this description taken at
the lowest computation would require thirty--
five thousand years to accomplish its revo-
lution. ' )

Again, the attractive force of a body de-
creases as the square of the sine of its apparent
semi-diameter; and this semi-diameter cannot be:
invisible in any place to which its attractive:
force and its sphere of activity extend..*

Our Earth belongs, by a chain’ of grada-
tions; to several systems, and-at last to the sys-
tem of the universe: all the centres of those:
systéms as well as the universal centre, ex-
erts their influence over her. The whole of
those centres then, ought, in respect of the
Earth, to occupy a sensible space in the
heavens; at least we have a right to suppose:
that we ought to see them with the telescope..
Nothing but the inconveniencies arising from-
the transmission of light as.detailed above, could:
intercept our view of them. For as to their
magnitude, it is such as it would be necessary.

to render them visible.

Here then we have all the systems of the-
universe reduced to order, and enchased in one-
another, But what is our position amidst those

' M4 systems ?
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systems ? Where are we? As to this point
we can speak indefinitely, negatively, and by
approximation only. .

- The Easth is not at the centre of the solar
system. The Sun is not at the centre of his
system of fixed stars; a centre which is either
in the region of Orion or Sirics. This system
is neither at the centre nor in the plane of the
milky way, though it seems to project ovet ita
little; the portion of this way which it ap-
proaches the nearest, is that which passes by
the colure of Capricorn, where its breadth is
double. But where is the milky way itself in
relation to other milky ways? Here ends all
our science with the utmost stretch of our eyes
and mstmments.

3

CHAP.
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éH_A"P. VIIL

ELIPSES CRANGED INTO CYCLOIDS.—
UNIVERSAL MOTION. :

HITHERTO we have proceeded on the
anpposmon that' the heavenly bodies revolve
in elipses. The new point of view to which

_our, theory leads us, will produce an intire
cbange, and we shall see that we have re-
viewed a suite of hypotheses which overturn
each other, in proportion as we advaqce in our
enquiry.

The Moon, it is said, describes an elipse
sound the Earth, This would be true were
the Earth at rest; but as she moves round the *
Sun, and obliges the Moon to participaté in
her motion, the orbit of this last cannot be an
elipse, but a cycloid. The elipse of the Earth
vanishes for the same reason, the moment the
Sun ceases to be immoveable, and is found to |
describe an orbit round a new centre. Then
the elipse of the Earth becomes a cycloid of the
first degree, that of the Moon of the second,

and
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and the velocity of their motion increases in the
same proportion. .

But this order continues no ]onger than the
new centre, or body of the fourth degree,
reckoning from the Moon, is supposed im-
‘moveable. As soon as we give motion to.it,
the ‘elipse of the sun vanishes in its turn ; he
then describes a cycloid of the first degree, the
Earth of the second, the Moon of the third.

We easily perceive, that what is here said of

the Moon, the Earth, and the Sun, applies
equally to all the satellltes, planets, comets,
and fixed stars, without exception. There is

not a heavenly body which does not partake of.

these motions, more or less compfex' while
each shares them in a degree syited to _its par-
ticular circumstances.

. We observe likewise, that as we pass on
from centre to centre, these motions become

more and more complicated; and their combi-

nations only terminate at the universal centre,.
which alone is in a state of real and' absolute:

rest. If, beginning by the Moon, we suppose

* that the body which occupies that centre is in
the thousandth ; the cycloid of the Earth will
be in the nine hundred and ninety-eighth de-
gree. There, and there alone, will be the
true
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true orbit of the Earth, while the velocity with
which she describes it, will be her true velo-
city. But who is in condition to determine it,
to describe the nature of her cycloid, to trace:
the perplexed path of our planet, and the
strange bounds or skips she makes in the re<
gions of the Heavens ? -

Nothing, however, is more evident. The
Earth as well as all the other globes revolve,.
properly speaking, round the universal centre
alone. With respect to the Sun, she only:
attends him in the same route, and as his fel~
low traveller, avails herself of his company,
by partaking in his light and heat. She un-
doubtedly makes many circuitous, and, as they
may appeas to us, useless trips, but which, as
the law of gravitation supplies no other means
of keeping two or more bodies together, are:
nevertheless necessary. She gravitates towards
all the centres on which she depends; with the:
Moon towards the Sun, with the Sun towards
a body of the fourth degree, with this last to-
wards a body of the fifth, or towards the cen-
tre of the milky way, and so on of the rest.
Thus, from system to system, our cycloid
takes new inflections,” which increase in 'm'ag-

1
nitude as we advance in out career. e
The
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The satellites exhibit in small, every thing
 that happens in great: as they unquestionably
move in cycloids, we easily perceive that the
eliptic is not the only species of motion that
obtams in the world. Our theory, however,
requires motion which becomes more compli-
cated in proportion as bodies are distant from
the universal centre. By this means the elipses
are transferred far from us, and confined to
those bodies alone which depend immediately
on the centre of centres: these communicate
motion to bodies in their immediate depend-
ence, and force them to move in_cycloids of
the first degree. From thence motion passing
on to the utmost limits of the universe, bes
comes progressively more complex. It i is in
this manner that the wheels of the great machine
mutually clinch and support each other; and
it affords a fresh proof of what we have fre-
quently had ‘occasion to observe, that things
become simple in proportion as we approach
the sum of the whole.

As it is by no means probable that we shall
ever come to the knowledge of the true cycloid
of the Earth, we may continue,. in our calcu-
lations concerning the planets and comets, to
employ the elips‘e which is sufficient for all our

‘ present
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present purposes. We may in like. manner
content ourselves with a cycloid of the first
degree, so long as we only take an interest in
the system of fixed stars.in which we are
placed. Twenty centuries hence, perhaps,
when we may be in condition to give a just
arrangement to the systems of the milky way,
we shall adopt a cycloid of the second degree.
From one epoch to ‘another we shall go on
approximating the truth, and enlarging our
‘measurement in the same proportion. Our
‘present measurement, as applied in the Coper-
‘nican bypothesis, is the radius of the Earth’s
.orbit for space, and the Sun’s annual revolu-
tion for time. We are in the way of gaining
.another step ; and presently our measurement
‘will be the radius of the Sun’s orbit, and his
periodical time. The third epoch will give

.measurements on a still more extended scale.
There is this additional -convenience, that
«complicated theories 1nay easily be resolved
Anto such as are more simple. This we actually
.experience in respect of the. Moon’s orbit,
‘which we never consider as a cyclaid but when
we wish to account for anomalies occasioned
by the action of the Sun: in all other cases
we regard it as an elipse,' and endeavour, with
1 all
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all the address in our power to make it cover
all’ her irregularities; 2 mode of proceeding

which facilitates the cilctlationof her motion,
the elipse being a curve of a-more simple and

uniform description than the cycloid. We
will apply the same method to the comets and
planets, as soon as the petiodical motion of the
~ Sun shall have ensbled us to observe the ano-
malies of their motion.

'In astronomy the scenery is continually shift-
fng, and the modes of language vary'in pro-
portion as this inexhaustible sciencé makes
progress in improvernent, and supplies us with
new theories. Ptolemy spake the language of
the people : to Copernicus we are indebted for
the language of astronomy; which Tycho
Brahe in” tome méasure confounded : Kepler
and Newton' rectified his faults, and gave to
astronomical language a superior degrée of
elegance and perfection. 'Fhe discoveries of
the present and future timés ‘will introduce in
this respect farther changes. +"All these "diffe:
rent :modes of- language'’ will, i névértheléss;
continve to be always inteltigible ; ‘and rifay
always be preserved in'a certain ﬁegrtc, and
within'certain Hmitations. - ' - Coh

© 7 The
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; The astronomers of the Moon may have
suspected before us the periodical motion of the
Sun as well as the universal motion.; because
that.of the Moon depends on the Earth, and
that of the Earth on the Sun. After having
found that the Moor has a motion round the
Earth, they would have. occassion to remark
that the Earth herself is not at rest, but has,
in like .manner, a motion round the Sun.
They would then have discovered two periodi-
«<al motions which would lead them to con-
jecture the third, and by and /by the others.
If the Moon herself had a satellite, this satel-
lite having thzee periodical motions as a model,
would, with still greater ease, .come at the
knowledge of the rest. '

We may compare the universal motion to
that of the waves of the sea, which succeed
and impel one another. We sce them rise and
fall alternately, leaving a cavity between them,
which vanishes the moment the uneven surface
recovers its level. These elevations and de-
pressions exhibit in their section a representa-
tion of the cycloids, which the heavenly bo«
dies describe in the regions -of space. The
small waves shew us, in a single elevation and
depression, a cycloid of the first degree. - But,

m
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in proportion as the wave swells, it becomes
composed of small ones, each of which re-
tains its own curvature, and which, neverthe-
less, follows the inflections of the large wave
rising and falling along with it. Nature seems
to be fond of this sort of undulations, since she
contrives to introduce them into almost all her
motions. It is in this manner a ship ploughs
the plains of the ocean; the lever or wave
which makes ber rise and descend must be of
a greater size in proportion as the vessel is of a
larger volume ; the shallop attachedto her rises
and falls repeatedly in the time the ship requires
to do the same thing but once; but the sum of
-elevations and depressions of the shallop is
equivalent to those of the ship. Thud it i

that the celestial globes undulate in the ocean of -

space. They all make the tour of the centre;
but the larger the mass of which a body is
composed, the greater the resistance i oppo-
ses, and the more its undulations are simple
and unifcrm. Their motion, therefore, is in
its nature much more quict and regular thaa
that of the agitated waves of the sea; they are
carried on, so to speak, by a constant and
equable breeze, and they have no fear of a
storm.

The
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* The cycloid of the Moon in the system of
Copernicus, has but a very small inflection :*
one of its oscillations, which comprehends an
elevation and a descent, amounts to thirty de-
grees of the Earth’s orbit in length, and, con-
sequently, ‘about one-fourth of the whole;
whilst the elevation and descent, taken to-
gether and considered in themselves, scarcely
extend to the g65th part of this diameter ¥,
Thus the length of the cycloid exceeds its
height nearly four score and ten times. -

The orbit of the Earth, if we suppose it
become a cycloid of the first degree by the
Sun’s motion, will be one whose Jength ex-
ceeds its height a great deal more than in the
proportion of §65 to one. In fact, we are
entirely ignorant whether, since the days of
Hypparchus, that is to say, two thousand years,
the Sun has traversed one degree of his orbit,
nor are we less in the dark as te the dimensions
of those degrees t. The length of these cycloids

* Indeed, it may be computed at no more than a 386th
part; since the distance of the Moon from the Earth is to
the distance of the Earth from the Sun, at the utmost, as
854 to 330,000. )

4+ But we know, that in this space of time, the Earth
has made 2000 oscillations, Saturn %0, and the other
planets in the same proportion. A comet, whose period
should be of some ages, would not have oscillated so often.

N depends
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depends on the rapidity of the Sun’s course ;
if we suppose it two or three times greater than
that of the Karth according to the Copernican
system, the length of the cycloids will then be
very considerably extended, whilst their cur.
vature becomes greatly diminished.

This, however, does not appear to be uni-
versally necessary. The satellites of the two
higher planets, in the system of Copernicus,
describe a particular species of cycloid which
cannot be compared to the undulations of the
waves. As they move with a greater velocity
than their planets themselves in their elipsés,
when they arrive between their planets and the
Sun, their motion becomes retrograde, and
their cycloids cross each other, '

What extraordinary curves must not the
heavenly bodies describe in their true motion ?
The mind loses itself when it endeavours to
follow them. Let us try to form a conception
of the orbit of one of those comets which
travel in hyperbolas from world to world, I
mean its true orbit in relation to all intem".e-_
diate centres as well as the universal centre.
All our ideas get into confusion, and we are

~ obliged to desist from the attempt.

The question still returns: where are we?
In what district of the universe does our

Earth
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Earth proceed in her course? Through how
many inflections does she steer in order to ar-
rive at a succeeding one of a greater magni-
tude ? Within what distance is she permitted
to approach the centre of centres ? What is the
farthest limit to which she ventures to recede
from it? In what point of each inflection
would she be found at this moment? And
what is the true velocity of her present mo-
tion ? Is she actually stationary or retrograde,
or spinning in the highest pitch of her velo-
city, which is compounded of all those ve-
locities that the bodies of each degree to
which she belongs, would have in their elipses,
if the body of the immediately superior order
remained immoveable! Would not this velo-
city be almost infinite? Or would it be tem-
pered and controlled by the different directions
of moving bodies, some of which are before,
and some rather below. Were that the case,
nothing could be more fantastical than the mo-
tion of the Earth and the other heavenly bodies ;
no rocket in an exhibition of fireworks presents
motions whimsical enough to give us the
smallest 1dea of it. '
. As to all those points we are, and will long
remain ignorant. But this we clearly perceive,
that all things are made by weight and measure,
N3 that



156 SYSTEM OF THE WORLD.

that the motions, the most capricious in appears
ance, are regulated by eternal laws ; that cen-
tres, systems, and motions, are in a chain of
subordination one to another, so as to make
all act in concert for the preservation of each
individual and the harmony of the whole.

CHAP. IX.

GENERAL CONCLUS.ION.—RECAPITULATION-

IN the progress of this work we have inter-
spersed some reflections which we will here
collect in one general point of view.

There is a difference which deserves to be
remarked between the general aspect of the
Earth and that of the universe. The former
presents us with such apparent disorder as we
cannot unravel, but by considering it in con-
nection with the whole, where it falls easily
under rule; whereas the latter carries on the
face of it apparent order and regularity, and
that of the simplest kind, but which becomes

2 more
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more and more complicated in proportion as
we proceed in its investigation.

The rising and setting of the Sun, the firma-
ment turning round us with its numberless
stars in the space of twenty-four hours; can
any thing be more simple or uniform? But in
the progress of more minute and accurate ob-
servation, this uniformity disappears: we see
the Moon going backwards; we see the planets
swimming against a current which overpowers
them, whilst, besides a motion common to all,
they obey motions which are peculiar to them~
selves. This led to the system of Copernicus,
who introduced a certain arrangement into- the

“world; an arrangement, however, which is
already, as you observe, become much more
complex. By and by the Sun and the fixed stars
begin to revolve in orbits; whole systems of
fixed stars, and systems of systems get into mo-
tion; the order of the universe becomes progres-
sively more and more complicated, till at last we
come to it in the greatest possible degree of
complexity, where we have just surveyed it.

Is it not truly wondertful, that, in the con-
stitution of the universe, time and space should
every where be so happily combined, that not-
withstanding the infinity of wheels and springs

' which
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which mutually depend on each other, and
which are all necessary to the play of the ma-
‘thine, the visible order of nature should, ne-
vertheless, every where preserve the same air
of simplicity aud uniformity. But does not
the purpose of this arrangement readily pre-
sentitself ? It can be no other than that the vi.
sible firmament should be in all its aspects, at
all times, and for the inhabitants of all the
spheres, a clock accommodated to all places,
to all divisions of time, and to the exigences
of the inhabitants of each individual globe.
Such, in respect of us, are the diurnal revo-
lution of the heavens, the diurnal and annual.
motions of the Sun; elsewhere the same clock
which measures our hours, our days, our
years, measures under different aspects, but
with equal uniformity, centuries, thousands,
myriads, millions of ages, the whole in due
proportion to the situation, motion, and dis-
tance of the different globes. It even seems
highly probable, that this amazing degree of
intricate combination was indispensibly neces-
sary in the first and primitive arrangements,
in order to produce an appearance every where
so simple, and from which we derive such’
important advantages.
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On the other hand, if we could penetrate.
across superficial appearances, and ascend to
the reality, we should find motion in the great-
est degree of simplicity as we set off from the
universal centre, and we.should see it become
more complicated in proportion as we removed
from the central point. The bodies over
which this centre exerts its immediate influence,
revolve with a sort of majesty in their elipses,
and have a motion suited to the dignity of their
order. Then come the cycloids, the epi~
cycloids, then those of the succeeding grada-
tions. Here the astronomer will make an
admirable discovery, he will have under his
eye all the links of that vast chain depending
on one another by virtue of a series, all the
terms of which are formed from the precede
ing term by an invariable law.

This series, in fact, is the most simple and
perfect of what they call recurrents, 1, 1, 2, 3,

& 8, 13, &c. by deducting each term from

that by which it is followed, the same series is
reproduced. This leads us back to the sup-
position of an immoveable body which we
have considered as moving in an elipse; by
which means the cycloids that depend on g’
become more simple by one degree, the se-

ries
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ries remaining the same. “We might carry
this operation so far as to set at rest any body
whatever of agiven order, or even the length of
reducing its cycloid to an elipse. This is ex-
actly what we do, when, according to the Co-
pernican system, we consider the Sun im-
moveable, and the orbits of the comets and
planets as elipses.

The system of Copernicus is, in fact, only
a theory ; but we have seen that astréonomy
can come at the truth only by carefully bring-
ing under a review every possible hypothesis.
This science, however, has made astonishing
progress ; by converting, at different periods,
apparent arrangements into such as are more
conformable to what actually exists, we have left
behind various theories founded in appearances,
and penetrated, if not fully and demonstrably, at
least in the way of fair conjecture, even to the
real and genuine order of things. Indeed,
we may say, thanks to the science of astro-
nomy, we know the heavens greatly better
than we do the Earth, where we are still very
far from being in condition to unravel the ap-
parently chaotic disorder which reigns in the
physical as well as the moral world. We
shall have sooner arranged a system of fixed
étars, and ascertained their motion, than re-

duced
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duced the changes of the weather and the va-
tiations of the barometer to any fixed and de-
termined rule. These last phenomena depend
en too many minute causes, and too'great a
variety of particular circumstances, to be
brought under a general principle. There is
not an inequality on the surface of the globe,
nor a mountain, nor a valley, nor a spring of
water, &c. which may not be concerned in the
production of these effects.

Upon the whole, we may draw this con-
clusion, that the heavens are made to endure,
and the things of the earthto pass away. Na-
ture changes in small, and is maintained and
preserved in great. The vast clock of the fir-
mament can only develope. its springs in the
course of numberless epoques which succeed
each other, and each in the epoque to which
it is assigned. Hitherto we scarcely discern
the needle which points the minutes and se.
conds.

Let us recapitulate and have done.—The
law of gravitation extends universally over all
matter. The fixed stars obeying central
forces move in orbits, The milky way com-

prehends
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prehends several systems of fixed stars; thos®
that appear out of the tract of the milky way
form but one system which is our own. The
sun being of the number of fixed stars, re-
volves round a centre like the rest. Each
system has its.centre, and several systemstaken
together bave a common centre. Assem-
blages of their assemblages have likewise theirs.
In fine, there is a umiversal centre. for the
whole world round which all things revolve.
Those centres are not void, but occupied by
opaque bodies. Those bodies may borrow
their light from one or more Suns, and hence
become visible with phases. Perhaps the pale
light seen in Orion is our centre. The real
orbits of comits, planets, and sups, are not
elipses, but cycloids of different degrees. The
orbits of those bodies which are immediatety
subjeet to the action of the universal centre .
can alone be elipses. ‘ '

FINIS.



