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PREFACE.

AT a time when the sciences are generally cul.
tivated, and a love of literature and knowledge
has pervaded every rank and order of society, an
easy and familiar account of the most interesting
parts of Astronomy, will, it is presumed, be found
an acceptable performance. Many, who ‘are not
sufficiently acquainted with the Mathematies, to
read, with satisfaction, the works of Newton, and
other eminent writers upon this subject, are yet very
desirous of obtaining such an idea of it, as will
enable them to comprehend the leading principles
upon which it is founded, and to partake of those
pleasures, which enquiries into Nature, and the
investigation of some of her most sublime opera-
tions, must necessarily afford to every ingenuous
and inquis* " ‘¢ mind. -

To this class of readers, the following Letters
are particularly addressed. They were at first
designed for ti.e private use of an individual, with-
out any immediate view to publication; but as
nothing of the kind, sufficiently clear and explicit
to answer the purpose of general information, had
hitherto appeared in our language, the author
was induced to make them public, in hopes of
their affording some information to those, whose
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situations in life, or confined education, may have
prevented them from applying to a subject, which
has commonly been thought of so abstruse and
difficult a nature, as to be utterly unattainable
without a prev1ous knowledge of many other
branches of science.

The principal object in view, throughout the
whole performance, has been to avoid, as much
as possible, all complicated mathematical prin-
ciples and calculations, and to elucidate the most
striking particulars, in as popular and easy a
manner as the nature of the subject would admit.
For this purpose, such parts of the science only
‘have been chosen, as seemed most likely to excite
the curiosity and attention of the uninformed
reader ; and to give him a taste for those studies
and pursuits, which, besides the practical advan-
tages they afford in some of the most important
concerns of life, are of the greatest utility in form-
ing and directing the mind, and in inculcating
those liberal and enlarged ideas, which exalt and
dignify the human character.

. In a performance of this kind, which, from the
nature of the undertaking, must be unavoidably
deficient in. many particulars, it is not to be ex-
pected that a scrupulous exactness has been al-
ways observed, or that every illustration of a sub-
ject is strictly mathematical. Such a minute atten-
tion would have been incompatible with the plan.
of the work, and extremely difficult to have been
observed, if not altogether impossible. The chief
design was to give a general idea of the operations
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and phznomena of nature, independently of ab- -
struse ‘reasoning or laborious calculations; and
tough, by this means, the knowledge obtained
by the reader must, in some instances, be ne-
cessarily ‘superficial, yet it may serve to give him
proper ideas of the subject, and to correct those
notions which the prejudices of education, or the
apparent view of things, might suggest.

It may also be observed, that as the work is
designed chiefly for the purpose of popular in-
struction, the author has not scrupled to make a
free use of the labours of preceding writers,
whenever he found any particular subject illus-
trated in a manner suitable to his design: and if
he has not always acknowledged his obliga-
tions, it is because such alterations were com-
monly made as rendered it impossible, without a
show of exactness which would have appeared
affected and pedantic. The new matter intro-
duced in every part of the performance, where it
was most wanted, and the pains that have been
taken to arrange and methodize the whole, are, it
is hoped, sufficient to obviate every objection
which may be made on this account.

The frequent allusions to the Poets, and the
various quotations interspersed throughout the
work, are intended as an agreeable relief to
minds unaccustomed to the regular deduction of
facts by mathematical reasoning, and to enliven
those parts where a simple detail of particulars
must, from its necessary length, become languid. -
Poetical descriptions, though they may not be

. ag
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strictly conformable to the rigid principles of the
science they are meant to elucidate, generally
leave a stronger impression on the mind, and are
far more captivating than simple unadorned lan-
guage. From a persuasion of this kind, the author
has sometimes expatiated on subjects with a
warmth of expression, that may perhaps seem
too florid for a philosophical performance; but
which alone could delineate those elevated ideas,
that must necessarily arise in the contemplation
of some of the grandest scenes in nature, and the
most stupendous works of creation.



ADVERTISEMENT

TO THE SEVENTH EDITION.

Tue favourable reception which the various edi-
tions of this performance have met with from the
public has induced the author to undertake an
entire revision of every part of the work, and to
make such alterations, amendments and additions,
as, upon a careful re-consideration of the subject,
appeared to be wanting.

- Since the time of its first publication, four ad-
ditional planets, belonging to our system, have
been discovered, and many important improve-
ments have been made in several branches of
the science; which it became necessary to notice.
This has accordingly been done, in a manner which
it is hoped will render the work as satisfactory
and complete, as the popular plan that was first
adopted, will admit,

RovaL Miuixary Acapevy, WoorLwich,
Junc 24, 1816.
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LETTER L

OF THE USE AND ADVANTAGE OF ASTRONOMY.

DEAR SIR,

I mave always loved the sciences for their own
sake, but I now wish to cultivate them for yours.
You have convinced me, by your amiable and
polite manners, that your mind is formed for the
acquisition of truth and knowledge ; and if T can
afford you any assistance, in directing your studies
and pursuits, I shall consider it as the most agree-
able.employment of my life.
- The mode of communication you propose, is, I
am afraid, less favourable to improvement, than
your partiality in my favour will suffer you to
imagine ; but as our different situations and en-
gagements deny me the pleasure of a personal in-
tercourse, I shall be happy to promote your views,
and contribute to your information, by every means
. in my power.

- Astronomy seems to be the science you are de-
sirous of being first acquainted with ; and I know
not' that you could have made a better choice.
" This subject will awaken every faculty of your
mind, and is, of all others, the best calculated to

B
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to excite your curiosity and admiration. Not that
I would wish to engage you in long calculations
and laborious enquiries, which are of use chiefly
to the practical pruficient, who makes this the
principal object of his pursuit; but there is a ge-
neral knowledge of the most interesting particu-
lars, which is so easily obtained, that it is inex-
cusable for a person of a liberal education to be
totally destitute of it.

It is this pleasing part of the science that I
would at present recommend to your attention :
and as you are but little acquainted with mathe-
matical principles, I shall endeavour to treat of
it in as easy and independent a manner as. the na>
ture of the subject will admit. To divest it en~
tirely of its usual terms would be a vain and ridi~
eulous attempt ; but, if I do net deceive myself, E
shall be able to remove every obstacle: of this kind
which is likely to impede your progress, or prevent
your improvement.

Not to detain you, therefore, by entering inte a
leng dissertation om its origin and progress, which,
at present, would be foreign to our purpose;, I
shall proceed immediately to the subjoct: itself,
and leave those particulars te be mentiened: i
their proper places. It will be sufficiens to ob-
'serve, that Astronomy is a science of the eanliest
antiquity, and has eballenged the admirativn of
all ages. Poets, philosophers, ‘and historians,
have all- given it their highest encomiusss, and
both kings and prinees have enriched. it with their
labours.
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The poets, in particular, have been lavish i
 their praises upon this subject, and are indebted
to it for some of their boldest images, and mest
exalted descriptions. Virgil, the greatest master
of verse after Homer, speaks of it with enthu-
siasm; and, in the second book of his Georgics,
breaks out into this animated apostrophe :

 Ye sacred muses, with whose beauty fired,
My soul is ravish’d, and my brain inspired :
Whose priest I am, whose holy fillets wear ;
Would you your poet’s first petition hear ;
Give me the ways of wand'ring stars to know ;
The depths of heaven above, and earth below.
Peach me the various labours of the moon,
And whence proceed th’ eclipses of the sun.
Why flowing tides prevail upon the main,
And in what dark recess they shrink again.
What shakes the solid earth, what cause delays
The suminer nights, and shortens winter days.”

Drypen's Vire.

. Inlike manner, also, the wisest and greatest of
men, both amongst the ancients and moderns, have
eonfessed themselves charmed with the beauties of
this science. To contemplate the grand spectacle
of the heavens, has ever been considered as the
poblest privilege of our nature. For itis here that
we discover the wonders of the Almighty, and see
the wisdom.of God in the works of the creation.
Nor is there any knowledge, attained by the light
of nature, that gives us juster ideas of this great
Being, or furnishes us with stronger arguments
by which to demonstrate his existence and attri-
butes. “The heavens,” says the Psalmist, * declare

B2
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the glory of God, and the firmament showeth his
handywork ; day unto-day uttereth speech, and-
night unto night showeth knowledge ; and there is-
no speech or langiage where their voice is not:
heard.” »

Thus astronomy is not only-valuable, as it af-
fords us such exalted ideas of the Deity and his
works; but it also improves the mind, and in-
creases the force and penetration of the human
understanding. For, by means of this science,
we are taught to discover the spring and fountain
of all ‘the celestial motions; to follow the foot-
steps of the Creator through the immense regions
of his empire; and to trace the secret causes by
which he regulates the great machine of the uni- ~
verse.

Were a knowledge of this kind attended with no
other advantage, it has rendered essential service
to humanity, by dissipating our vain fears and
‘superstitious opinions. Man is mnaturally timid,
and terrified at dangers which he cannot foresee.
Before he is familiarized with nature he suspects
her constancy, and regards all her operations with
dread and apprehension. The regular and invari-
able order of things will, atlength, inspire him with
confidence; but still there are some singilar phee-
nomena, which appear as alarming exceptions to
the general rule.

Thus, in the early ages of the world, ere men
had learnt to judge of effects by their causes, a
total eclipse of the sun or moon, was regarded
with the utmost consternation, as seeming to por-
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tend the annihilation of the universe; and thé&”
comet, with his fiery tail. and blazing hair, was
considered as the harbinger of divine vengeance ;
whose appearance denounced the death of. princes,
the destruction of empires, famine and pestileoce.
But these opinions, as distressing as they were
erroneous, are, at length, entirely exploded; and
we are now taught, by Astronowmers, to look upon
comets and eclipses with tranquillity and compo
sure.

Astrology is another malady of weak minds,

" which is effectually eradicated by the principles
of this science. We now explore the heavens for
the purpose of administering to our wants and ne-
cessities by useful discoveries, and not under the
vain pretence of searching into the secret designs
of fate, and the hidden events of futurity. This
fallacious art, which appears so captivating to the
vulgar, would have been as fatal to our peace, as

it is contrary to the.nature of things. Unhappy
in the past, and dissatisfied with the present, we
live only by the hope of what is to come. A know-
ledge of our future destiny, would serve only to
increase the weight of our present afflictions ; and
by destroying every motive for exertion and acti-
vity, would render existence a misery, and. the
creation a desert. ,

But, notwithstanding the absurdity of its doc-
trines, this art is still practised in almost every
country of the world : and it is not long since, that,
even in Europe itself, the people had their cunning
men, and the princes their astrologers, by whose
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predictions they regulated their mest important
concerns. It is the light of science only that can
free us from the gross impositions of these wretched
empirics. The immense distance of the stars is a
convincing proof that they are too remote from us,
for their influence to have any effect upon our
globe. And as their aspects and conjunctions
have been subject, from all eternity, to invariable
laws, they must be totally insufficient to account
for that infinite diversity of characters and passions
which we observe among men. To make every
event depend upon the twinkling of a star, is an
absurdity equal to that of the Lapland witches,
who pretend to regulate the course of the winds -
by tying knots in a string.

Another singular service which astronomy has
rendered to society, is the assistance it affords to -
the husbandman and labourer, in the cultivation
of the earth. The principal business of agricul-
ture depends upon a knowledge of the seasons, and
the course of the sun. In every climate there are
certain necessary intervals between the various
operations of tillage and culture ; and these inter-
vals, being once known by experience, peint out
the proper time when every operation is to be per-
fornied. But how are we to know exactly, and
before-hand, as is often required, the commence-
ment of every season, and its stated continuance ?
This can only be done by searching in the heavens
for some invariable signs, which are always con-
nected with them, and announce their return.

These signs are indicated by the sun, or some
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particular star; and though the knowledge of
them is but little attended to at present, it was gb-
solutely necessary in the ancient world, when the
peasant had no other guide to direct his labours
thaa his own observations. Thus Arcturus, Orion,
aad the Pleiades, marked out the several seasons of
the Greeks ; and the rising of Sirius with the sun,
-aeaounoced to the Egyptians the overflowing of the
Nile, and the customary time of sowiag their grain,
which was immediately after its retreat. Many of
the ancient poets and historians furnish us likewise
with instances of a similar kind, from which it ap-
pears, that some of the most powerful.and polished
Bations had, for a long time, no other calendar
than that which consisted of a few simple observa-
tions on the rising and setting of certain stars.

In most of the common affairs of life, nathing
is more necessary than an exact measure of time ;
-but how is this to be obtained? We have the idea
of succession only from motion ; and in order that
-the division of it into parts may be accurate, it is
-requisite that the motion should be constant and
uniform : but such a perfect and immutable test
is not to be found upou the earth. Man has in
.himself the principles of motion; his sensations
and ideas succeed each other in a certain order
but their durations and returns are so m'egular,
that he.can, by no means, employ them as a pro-
Jper measure of time. The mind that suffers, and
themind that rejoices ; ‘the criminal upon the rack,
and the lover eourting his mistrass, compute by
very different reckonings.
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It is to'the heavens alone that we must look for
a certain and invariable standard. Those magni-
ficent bodies, that are placed at such immense dis-
tances from our globe, move with an order and
regularity which is not to'be found in any other
part of the creation.. From them we have obtain-
ed all our'’knowledge of the seasons, and the art of
reckoning by certain periods of time. Had their
motions been as various and mutable as those
which are observed upon the earth, we should have
had no idea of the regular lapse of time or the ex-

" tent of duration. This is still the state of the un-

civilized and solitary barbarian, who computes his
time by the falls of snow, or the progress of vegeta-
tion," and is utterly ignorant of the more refined
wants of society.

‘The interval between the rising and settlng of
the sun, is a measure of time which is called a day,
and is what is pointed out to us by nature herself ;
but as we are frequently in want of a much longer
period, we are’'obliged to have recourse to other
observations than those which dépend upon the ap-
pearance and disappearance of that luminary.
Some nations compute their time by the revolutions -
‘of the -moon, or by months; some by the revolu-
tions of the sun, or by years; and others again
both by months and years. But this requires an
exact knowledge of the celestial motions; and
those who make use_of both the revolutions toge-
ther, should know how to conciliate, and make
them agree. It was this that gave birth to the
‘calendar ; which was for a long time extremely im-
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perfect, has been often reformed, and is still at-
tended with many embarrassments.

Chronology is another subject 0 intimately
connected with astronomical observations, that
without their assistance, we should have been but
ill acquainted with the events recorded in history,
and the transactions of past ages. Butitis only
since certain memorable epochs, that this art can
be considered as having any solid foundation. Be-
yond these every thing is involved in darkness and
obscurity. That uncertain tradition, which, be-
fore the invention of letters, was the only vehicle
of information, has confounded and disfigured
every relation. We find in ancient annals but few
facts that are fixed by precise dates, and even those
few are seldom the same in different authors.

In this perplexed labyrinth, we have no other
guide than what is afforded by the light of science.
Those facts which are agreeable to the common
testimony of credible historians, are considered as
so many fixed points, where the weary traveller
may rest himself, after his tedious researches in
the barren regions of antiquity. But the observa-
tions by which the dates of early events have
been determined are rare and uncommon. And
what will appear still more singular is, that we
owe them to the.gross ignorance and supersti-
tion of the times in which they were made. The
‘pheenomena of eclipses, and particularly those of
the sun, were the occasion of general consterna-
tion and terror; and from the records that have
been left us of these alarming appearances, we
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are able to find the times in which they hap-
pened.

If the writings of an historian were entirely lost,
and we could only obtain a certain vague relation
of facts, without dates, but accompanied with an
account of some remarkable eclipse or other celes-
tial phenomenon ; the astronomer, by his know-
ledge of the motion of the heavens, would be soon
able to find the precise time in which they must
have happened. It was in this way that the cele-
brated Dr.Halley determined the very day and
bour of Julius Ceesar’s landing in Great Britain,
merely from the circumstances of bis relation.
And to the same cause it is owing, that the chrono-
logy of the Chinese is much more authentic than
that of most other nations. Their attachment to
ancient customs, and the superstition which is so
intimately blended with the administration of their
public affairs, has led them to preserve accounts
of eclipses that prove the existence of their empire
for near four thousand years past.

But an advantage still more interesting and im-
portant, is the assistance which this science affords
to geography and navigation. An acquaintance
with the situation and position of different countries,
is not an object of mere curiosity or useless specu-
lation ; but is now become indispensably necessary,
both to the gentleman and the man of business ;
and is geperally considered as one of the most use-
ful branches of a polite and liberal education. Pa-
litics, commeree, and philosophy, have opened a
communication between slmost every country op
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the globe.  Alliances are formed between the most
distant nations ; traffic and science have explored
every region ; and the productions of different cli-
mates are transported from one extremity of the
earth to the other.

When Vasco de Gama first opened the way to
India by the Cape of Good Hope, and Columbus
had found out a ncw world,. the increase of riches
and power resulting to certain nations from these
discoveries, excited the envy and ambition of the
rest, and put all Europe in motion. By a princi-
ple long established among commercial nations,
the first discoverer of a new country lays claim to
it as his property ; and is even jealous of the road
that conducted him to it. This principle, whether
well or ill founded, was adopted by every power
in Europe; they all became equally desirous of
wisiting these new climates; and the emulation for
discovery continually increasing, the study of geo-
graphy, and a knowledge of the globe, became a
necessary pursuit.

This science, as well as that of navigation, was
for a long time extremely imperfect and ill under-
stood : the knowledge of distant countries was
founded merely upon the vague and uncertain ac-
counts of travellers, who disfigured and exaggerat-
ed all their relations by that love of the marvellous,
which is so natural and congenial to the human
mind : the pilot, on the other hand, confined him-
self to the passing of narrow seas, or coasting
along the shore, and presumed not, by any depen-
Aence upon his art, to lose sight of land, and com-
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mit himself to the mercy of the winds and waves.
It was astronomy that first inspired him with this

confidence, and taught him to conduct his vessel,
with safety, through immense oceans, which had
never before been traversed by man.

In this difficult and hazardous enterprise, it is
not sufficient for him to know the position of the
port he designs to visit ; he must also be able, at
all times, to find upon what part of the globe he
is; how far he has travelled ; and what course he
must pursue during the rest of his voyage. But
these particulars:can only be known from astrono- -
mical observations, and an accurate knowledge of
the celestial motions.  All the rules of the art are
derived from this source; and though their appli-
cation be attended with some difficulties, it is of-

*the utmost importance to every mariner that they
should be well understood, and properly practiseds
since the lives of his men, and the success of his
voyage, depend upon the knowledge of them.

The government, in most countries, are so sen-
sible of the truth of these observations, that, of
late years, they have paid the utmost attention to
pilotage and navigation. Since the maritime has
become the preponderating force, astronomy has
been considered as a science of great public utility,
intimately connected with the interest of the state, .
and deserving the protection of every commercial
nation. The great encouragement given to the
“professors of this science by Louis the x1vthand
xvth of France; the noble reward offered by the
English-for the discovery of the longitude at sea ;
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and the expenswe voyages that have been under-
taken for observing the transit of Venus-over the
sun, are all sufficient proofs of its extensive, appli-
cation, and practical importance.

Such are the advantages which society have de-
rived from the cultivation of this science; but.
there is yet another, which, though less evident to
the world in general, is nevertheless inestimable in
the eyes of a philosopher. This is the knowledge
which it affords us of nature; of the true system
of the world; and the invariable laws by which it
is governed. Astronomy has opened to us such a:
magnificent view of the creation, that we are struck
with astonishment at the grandeur of the spectacle,
and the powers of omnipotence. By looking abroad
into the universe, we exalt our ideas of the supreme
intelligence, and extend the narrow sphere of hu-
man conceptions; the faculties are strengthened
and improved ; the understanding is enlarged ; and
the mind, in the contemplation of so many glorious
objects, finds itself drawn to that Being who in-
forms, directs, and animates the whole.

This formal defence of a science attended w1th
so many obvious advantages, would have been
unnecessary, had I consulted only my -own
prepossessions in its favour; but as you are yet
but little acquainted with the subject, and cannot
possibly have obtained any rational conviction of
its excellence, I imagined it would not be unpleas-
ing to you, to receive some account of its practical
utility and importance. To enumerate every par-
ticular of this kind, would be useless and impossi-



1% OF THE USE AND ADVANTAGE [LET.I.

ble. An attentive consideration of the. subject,
will be more satisfactory than any previous infor-
mation that ean possibly be given you.

In order to form a proper judgment of any
science, it is necessary to have some knowledge of
its nature and design. For want of this assistance,
‘many writers, and even some of considerable emi-
nence in other respects, have been egregitmsly
mistaken when they have presumed to give their
opmions apon subjects which' were unconnected
with their own particular pursuits. Some err
through ignorance, and some through prejudice.
Narrow minds think nothing of importance but
their own favourite studies; and whatever suits
" mot with their humour and tasbe is folly and absur-
dity.

Actuated by a principle of this kind, the present
idol of modern literature, the author of the Ram-
bler, has been led to speak of the mathematical
seiences in a manner unworthy of his abilities.
“It was,” he observes, “the great praise of So-
crates, that he drew the wits of Greece, by bis in-
struction and example, from the vain pursuit of
natural philosophy to moral enquiries ; and turned
their thoughts from stars, and tides, and matter-
and motion, to the vmious modiﬁcations of virtue,
#nd relations of life.

This thought is pursued still further, and illus-
trated by a story which be tells of one Gelidus, a
mathematician, who was so absorbed in his specu-
lations, that when his servant came to acquaint him

» house was on fire, and the whole neighbourhood
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in danger of being burnt, he only replied, that it
was very likely, for it was the nature of fire to act
in a circle. He even divests this Pseudo-philoso-
pher of all the common feelings of humanity, and
makes him as insensible to the wants of his family,
as to the distresses of his neighbours.

Such fictions are as applicable to the speculator
upon morals, as to the speculator upon mathema-
tics. There are Quixoteg and pedants in every
profession : but instead of attempting to ridicule a
scienee of which he was totally ignorant, he would
have done well to have learnt it himeelf. The
mere theorist, whatever be his pursuit, is but of
little use to society; but we should be careful,
when we laugh at the absurdities of a visionary
pretender, net to depreciate the science to which he
has unhappily directed his attention. Swift ridi-
cules mathematicians, and mathematicians enjoy
the satire ; not because it is founded in truth, but
because it has wit and humour.

The learned Joseph Scaliger proceeded in a still
more singular manner ; he was a man who aimed
at universal knowledge ; and being particularly de-
sirous of eminence in the sciences, he published a
large volume of mathematics, in which he professed
to have solved all the difficult problems, which
had been considered as the master-pieces both of
ancient and modern proficients: but when this
work came to be examined, it was found that he
was utterly unacquainted with the subjects that ke
had attempted to discuss. Clavius exposed his
ignorance; and he, in return, not only abused
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Clavius, and the rest of the mathematicians, but
even reviled the science itself.

A great and comprehensive genius excludes none
of the sciences; they all contribute, by various
means, to adorn and embellish life ; and, for that

" reason,ought to be cultivated and improved. Happy

is the mind that is not contracted by the study of
philosophy, nor enervated by the charms of
the Belles. Lettres ; that can be strengthened by
Locke; instructed by Clarke and Newton; im- )
passioned by Cicero and Demosthenes; and ele-
vated by the powers of Homer and Virgil.

I am, &c.
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LETTER IL
OF THE FIGURE AND MOTION OF THE EARTH.

IN my last letter I have shown you the excellence
and advantage of astronomy in general. I shall’
now come to particulars; and endeavour to lead
you, by gentle and easy steps, from the first prin-
ciples of the science, to those parts which are the
most interesting and useful. And astheearth we in-
habit is constantly subject to our observation, and
is that with which we are the best acquainted, a
description of its form and magnitude will naturally
excite your curiosity and attention.

This vast body was long considered as a large
circular plane, spreading out on all sides to an in-
finite distance : and the heavens, above it, in which
the sun, moon and stars appear to move daily from
east to west, were imagined to be at no great dis-
tance from it, and to have been created solely for
the use and ornament of our earth. Of this notion
are the vulgar, and those who are ignorant of
astronomy, to this day. But it is now well known
to mathematicians and philosophers, that the earth
is of a round or spherical hgure, nearly resembling
that of a globe.

The truth of this doctrine, without having re-
course to scientific principles, will appear suffi-
ciently evident from the voyages of those cele-
brated navigators Magellan, Sir Francis Drake,
Lord Anson, Cook, &c. whoall set out, at different

- o ¢
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times, to sail round the world ; and, by steering
their course continually westward, arrived, at
length, at the place they departed from ; which
could pever have happened, had the earth been of
any other than a spherical or globular figure.

This form is also obvious, from the circular ap-
;pearance of the sea itself, and the ciroumstances
“which attend large objects when seen at a distance

en its surface. Thus, when a ship leaves the shore,
we first lose sight of the hull,.or body of the vessel;
afterwards of the rigging; and at last discern only
the top of the mast; which is evidently owing to
the convexity of the water between the eye and the
object; or otherwise, the largest and most conspi-
cuous part would have been visible the longest, as
is manifest from experience. '

Another proof, which is of no less force than
either of the former, is taken from the shadow of
the earth, upon the face of the moon, in the time
of a lunar eclipse. For as the moon has ne light

but what it receives from the sun, and the earth
being, at this time, interposed between them, the
meon must either whelly, or in part, become ob-
scure. And since in every eclipse of this kind,
which is not total, the dark part always appearsto
be beunded by a circular line, the earth itself, for
" {hat reason, must be spherical ; because it is evi-
dent, that none but a spherical body can, in all
situations, east a circular shadow. '
Nor are the little unevennesses on the earth’s
surface, arising from hills and valleys, aey material
objection toits being considered as a round body ;
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since the highest mountains we are acquainted
with, bear a less proportion to the whole bulk of
the earth, than the small risings on the coat of an
orange bear to that fruit; or a grain of sapd, tg
an artificial globe of a foot in diameter. Aad ac-
cordingly we find, that these trifling protuberances
pccasion no irregularities in the shadow of the
earth, during the time of a lunar eclipse ; but that
the circumference of it always appears to be even
and regular, as if cast by a body pertectly globular,

A number of other proofs might be given to the
Same purpose; but these are the most popular,
and such as I apprehend must entirely coanvince
every impartial enquirer, whose object is trath,
and whose mind is unclouded by superstition, or
3n obstinate attachment to early notions and vulgar
prejudices. I mention this the more particularly,
because, notwithstanding the clearest arguments
and most decisive demonstrations, there have been
some who bave violently opposed this doctrine, and

. even' represented -it as dangerous to religion and
morals. Thus, several of the ancient fathers went
80 far out of their province, as to pronounce it he-
retical for any person to declare there were An-
tipodes, or people who live opposite to us upon the
globe.

They took their objection from some passages
of Scripture, which they etther ill understood, or
strangely perverted from their true meaning. For

-it s gvident, that the sacred ‘writers speak every

.where agcording to the common appearance of

c2
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. things ; and were not so solicitous to instruct us in
philosophy and astronomy, as to make us goed
men, by laying before us a plain rule of faith and
conduct. Thus, when Joshua speaks of the sun
and moon standing still while the Jews avenged
themselves of their enemies; and Job deseribes
the earth as being supported by pillars, they used
the popular language of the times, without concern- -
ing themselves with the strict philosophical pro-
priety of the terms they employed : the one being
an histerical relation; and the other a dramatical
composition, in which such figures of speech have
been always allowable.

It is not known who was the first that asserted
the figure of the earth ta be spherical; but the
doctrine is undoubtedly very ancient. For at the
taking of Babylon by Alexander the Great, eclipses
were found to have been set down and computed
for many centuries before that time; which, with-
out a knowledge of the globular figure of the earth,
could not have been done. - Thales the Milesian, -
who lived about six hundred years before Christ,
must likewise have been sufficientlyacquainted with
this subject; since, according to the testimony of
Herodotus, he predicted an eclipse of the sun.
¢ After the war, he observes, had been carried
on for six years between the Medes and Lydians,
as they were going out to battle, the day became
presently as dark as the night; which change,
though it had been predicted by Thales to the
Ionians, so far terrified both parties, that thev
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became equally desirous of a peace, which was im-
mediately concluded.” (@)

It appears, therefore, that, in those early times,
the true figure of the earth was not unknown in
the world. But it is also equally certain, that this
knowledge was confined to a few; and that even
. some of the gréatest mathematicians themselves -
were ignorant of it. Thus Heraclitus, a Greek
philosopher, who flourished about five hundred
years before Christ, supposed it to have the shape
of a skiff or canoe; Anaximander, his contempo-
rary, imagined it to be cylindrical ; and Aristotle,
the great oracle of antiquity, gave it a form equally
remote from the truth.

- These, and many other absurd opinions of the
same kind, which are attributed to the ancients,
plainly show the confusion and uncertainty which,
at that time, attended the subject. But it is the
glory of modern pbilosophy, that this doctrine is
now set in so clear a light, and the knowledge of
it so generally diffused, that itis almost impossible
it should ever again be forgotten; or that the ra-
vages of ignorant barbarians, should involve it in
doubt and obscurity. We are now certain, that

(a) This eclipse has given rise to many discussions, and va-
rious opinions have been advanced as to the time in which it
happened ; but from a paper, lately published in the Philoso-
phical Transactions, by F. Baily, Esq., it appears to have taken
place Sept. 30th, six hundred and ten years before Christ; at
which time, therefore, the knowledge of astronomy must have
been very considerably advanced,
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the earth is not a level horizontal plane, stretched
out infinitely on all sides, and with a bottomiléss
foundation: but that it is a globular body, sus-
pended in space, and covered on all sides with in-
numerable inhabitants ; who, by means of the arts
of navigation and comimerce, can carry on 4 cor-
respondence with each other, and, transport their
commoditiés to the most distant regions.

Having said thus much concerning the figure of
the earth 1 might now proceed to give you some
account of its bulk or magnitude; since this dlso
has been ascertained; and is now settled, by
‘mathematicians, to a sufficient degree of precision.
But as the method by which the measurement
“of this large body was effected, as well as seve-
ral other matters relating to the true figure of the
earth itself, depend upon principles which will be
better explained hereafter, I must defer entering
into those particulars till you are further advanced
in the science, and properly prepared to understand
them.

That the true magnitude can be determined is
not to be doubted. For the form of the earth being
once known, its bulk could not long remain a secret.
Accordingly we find that several of the ancient
philosophers, who lived soon after the time of those
before mentioned, attempted the solution of this
important problem. And though the measures
they have given are considerably wide of the trutb,
as well as different from each other, yet this was
owing more to the inaccuracy of their instruments,
and the want of a sufficient stock of mathematical
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knowledge, than to any real difficulty or impracti-
cability in the thing itself.

But let us leave this subject for the present, and
praceed to another of equal importance.—I have
before proved to you, from the most indubitable
arguments, that the earth is a globular body, un-
supported by pillars of a bottomless foundation, as
many have absurdly imagined: I shall now give
you some account of its motion ; a thing more re--
mote from vulgar apprehension than the former,
though equally certain and demonstrable. And,
in order that you may obtain as clear and compre-
hensive.an idea of the subject as possible, we will
first take a view of the universe in general, and of
that part of it in particular, which astronomers
have called the visible world, or solar system.

By the universe we are to understand the whole
frame of nature, as extended throughout infinite
space. And, by the solar system, is meant that
portion of the universe only, which comprehends
the sun, planets, satellites and comets. Of which
system, though centrary to what was formerly sup-
posed, by several ancient as well as modern astro-
nomers, the sun is now well known to be placed in
the centre, and to have eleven primary planets
moving round him, each in its own path or orbit.

The names of these planets, according to their
distance from the centre or middle point of the sun,
are, Mercury, Venus, the Earth, Mars, Vesta,
Juno, Pallas, Ceres, Jupiter, Saturn, and Uranus,
or the Georgium Sidus; the latter of which was
discovered in the year 1781, and Vesta, Juno,
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Pallas, and Ceres, since the commencement of the
present century ; among which it is to be observed,
that the two first, Mercury and Venus, having
their orbits within that of the Earth, are called in-
ferior planets, and the others, which revolve beyond
it; are called superior planets.

Now it we can form a notion of the manner in
which eur earth moves, we shall easily conceive
the motions of all the rest of the planets, and by
that means obtain a complete idea of the order and
ceconomy of the whole system. For which pur-
pose, nothing more is necessary than to consider
the common appearances of the heavens, which are
constantly presented to our view, and attend to the
consequences that follow from such observations.
For since it is well known that the sun and
stars appear to move daily from east to west, and
to return nearly to the same places in the heavens
again in twenty-four hours, it follows that they
must really move, as they appear to do, or else
that we ourselves must be moved, and attribute
our motion to them; it being a self-evident prin-
c1ple, that, if two things change their situation with
respect to each other, one of them, at least, must
be moved.

But if this change be owing to the revolution of
the stars, we must suppose them to be endowed
with a motion so amazingly rapid as to exceed all
conception, Since it is known, by calculations
founded on the surest observations, that their dis-
tances from us are so immense, and the orbits in
which they revolve so prodigiously-great, that the
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nearest of them would move at least a hundred
thousand miles in a minute. Now as nature never
does that in a complicated and laborious manner
which may be done in a more simple and easy one;
it is certainly more agreeable to reason, as well as
to-the power and wisdom of the Creator, that these
effects should be produced by the motion of the
earth; especially as such a motion will best ac-
count for all the celestial appearances, and, at the
same time, preserve that beautiful simplicity and
harmony, which is found to prevail in every other
part of the creation.

This argument will also appear still more forci-
. ble, if we compare the vast bulk of the celestial
bodies with the bulk of our earth. For it is well
known to astronomers, that the sun is above a mil-
lion of times bigger than the earth; and,consequently,
judging from analogy, it follows that many of the
stars are at least of an equal magnitude. It is
much more probable, therefore, that the earth re-
volves round its axis, with an easy natural motion,
once in twenty-four hours, than that those vast
bodies should be carried from one place to another,
~ with such incredible velocities.

Nor is it any objection to this rotation of the
earth, that we are unable to perceive it. For as
the motion of a ship at sea, when she sails swiftly
over the smooth surface of the water, is almost, if
not wholly imperceptible to the passengers and
company on board ; much more so must it be with
such a large body as the earth, that has no impedi-
ments or obstacles of any kind in its way, to dis-
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turb its motion. A balloon, turning upon its axis,
as it floats through the atmosphere, affords a sen-
sible representation of the earth, in its annual pro-
gress round the sun:
¢¢ That spinning sleeps,
On her soft axle, as she paces even,

And bears us swift with the smooth air along.”
MiLTox.

And, in a manner equally easy, may another ob-
jection be removed, which has frequently been
brought against this doctrine. It has been asserted,
that if the earth moved, a stone dropped from the
top of a tower, or any other high building, would
not fall just at the bottom of it, as the building
must have advanced considerably forward during
the time of the fall. But this is evidently a mis-
take ; for it is well known, by repeated experi-
ments, that if a body be projected from another
body in motion, it will always partdke of the mo-
tion of that other body. Thus, a stone dropped
from the top of a mast, whilst the ship is under
sail, is not left by the vessel, but will fall at the foot
of the mast. And if a bottle of water be hung up
in the cabin, with its neck downwards, it will empty
itself, drop by drop, into another bottle placed
exactly beneath it, though the ship shall have run
many feet whilst each drop was in the air. ()

(5) The objection above mentioned, was one of the principal
arguments, of a philosophical nature, that was advanced
against the rotation of the earth, by the opposers of the new
system; and it was thought, for some time, to be undnswer-
able. But when the composition- and resolution of forces
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This motion of the earth round its axis, which,
from the instances already given, has been rendered
sufficiently evident, is called its diurnal, or daily
motion ; and is that which occasions the regular
return of day and night, and all the celestial ap-
pearances before mentioned. But there is also
another motion of the earth, called its annual, or
yearly motion, which occasions the various vicissi-
tades of the seasons, summer, winter, spring, and
autumn. ”

And the proofs of this second motion may be
easily gathered from celestial appearances, in nearly
the same manner as the former. For as the sun
seems to move round the earth, from east to west,
in the space of a day, which is really owing to the
diurnal rotation of the earth upon its axis, in a
contrary direction, so, likewise, he seems to have
an annual motion in the heavens, and to rise and
set continually in different parts of them ; whichis
certainly occasioned by the daily motion of the
earth in its orbit, or path round that luminary,
which it completes in the space of a year.

That the earth, indeed, is not the centre of the

2.

became better understood, it was perceived, that a body
dropped from the top of a tower, instead of being left behind,
or falling to the westward of it, ought to be carried forward,
and fall to the eastward, in consequence of the centrifugal
ferce being something greater at the top of the tower than
at the bottom ; and from several accurate experiments this
has been found to be the case. Thus a circumstance which
was bréught forward to refute this doctrine, might now, if
nécessary, be advanced as a demonstration in support of it.

o —
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celestial motions, may be easily shown from
the revolutions and appearances of the different
planets which belong to our system. For it is
certain, that wherever the sun may be placed, the
orbit of Venus surrounds and incloses him within
itself; and therefore Venus, whilst she describes
this orbit, must really move round the sun. For
this planet is observed to be sometimes above, or
beyond the sun; and sometimes below him, or be-
tween the sun and us: but she was never known
to come in opposition to the sun, or to be seen in
the east when he was in the west ; which must ne-
cessarily have happened, if she had performed her
revolution round the earth, in an orbit like that of
the moon. \ :

In like manner, Mercury is always found to keep
in the neighbourhood of the sun, without ever re-
ceding from him so far as Venus; but as he is
continually involved in the splendor of the sun’s
rays, he can seldom be seen without the assistance
of a telescope. The superior brightness of this
planet affords, likewise, a sufficient proof, that he
must be much nearer to the sun than any of the
rest; from both of which circumstances it is evi-
dent, that the orbit of Mercury is included within
the orbit of Venus, and that, like that planet, he
regards the sun as the centre of his motion.

Mars, Vesta, Juno, Pallas, Ceres, Jupiter, Sa-
turn, and the Georgium Sidus, being superior
planets, must necessarily include the earth in their

“orbits ; but from their various elongations, or dis-
tances from the sun at different times, as well as
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from their stationary and retrograde appearances,
itis plain that the sun, and not the earth, must also
be the centre of their motions, or the body round
- which they perform their respective revolutions.

Hence it appears, that the earth itself must like-
wise move round the sun. For since, by the place
it obtains in the system, it has those moveable
bodies Mercury and Venus on one side, nearer to
the sun, and Mars, and the other superior planets
on the other side, more remote, it follows, from .
analogy, that, being of the same nature as they
are, it must also partake of the same sort of ‘mo-
tions. And as the earth is placed between Venus
and Mars, so the period likewise in which it per-
forms its course round the sun, is a mean between
the periods of those planets, being greater than the
one, and less than the other, as would naturally
follow from such a motion.

The absurdity, indeed, of su pposmg the earth a
sedentary and immoveable body, is sufficiently ex-
posed in the following speech of Adam to the angel
Raphael, when he is enquiring concerning the na-
ture of the celestial motions :

“ When I behold this goodly frame, this world

, Of heav'n and earth consisting, and compute
Their magnitudes, this earth, aspot, a grain,
An atom, with the firmament compared
And all her number’d stars, that seem to roll
Spaces incomprehensible ( for such
Their distance argues, and their swift return
Diurnal) merely to officiate light
Round this opacous earth, this punctual spot,
One day and night; in all their vast survey
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Useless besides ; reasoning I oft admire

How Nature, wise and frugal, could commit
Such disproportions.”’——
) MivrTon.

Many other proofs might also be given, which
establish this doetrine upon the surest foundation,
‘and secure the abettors of it from all possibility of
contradiction. Butin a thing which admits of abso-
lute certainty, there have been those who were so
perversely ignorant as to refuse all conviction. This
epinion of the motion of the earth, like that of its
figure, has met with continual opposition ; and its
advocates have been branded with the most igno-
minious tit]es,'an,d persecuted with all the rage of
fanaticism.

The celebrated Aristarchus of Samos, for de-
fending this doctrine, was brought before the bench
of the Areopagites, and accused, by his adversary,
of having violated the laws of religion and morality.
And, little more than two hundred years sinee, the
great Galileo met with the same fate. He was
summoned before the tribunal of the inquisition,
and obliged solemnly to abjure his astronomical
tenets ; that the sun was immoveable, in the midst
of the universe, and that the earth revolved round
it as its proper centre. With which requisition he
was forced to comply; and to declare that he did -
with a sincere heart, and faith ynfeigned, abjure,
curse and detest, these errors and heresies.

‘Such are the obstructions that have been com-
stantly thrown in the way of science and knowledge.
But, happily for mankind, the persecuting spirit of
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bigotry and enthusiasm is now losing ground ; and
the dogmas of papal authority, are as little regard-
ed as the infallibility of its decisions. Philosophers,
of every country, embrace the doctrine of Galileo,
and are no longer subject to the arbitrary control
of monks and inquisitors. That furious spirit of
despotism and intolerance which has long held an
usurped dominion over the powers of the mind, as
well as those of the body, is at length giving way
to a more refined polity; and the friends of man-
kind have reason to hope, that the time is not far
off, when the greater part of Europe will be suf-
fered to enjoy, in quiet, that freedom of opinion,
both in religion and the sciences, whichis the birth-
right privilege of every human being.
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LETTER IIL

OF THE SOLAR SYSTEM, AND THE FIRMAMENT OF
THE FIXED STARS.

As the figure and motion of the earth are now suf-
ficiently established, it will be proper to turn our
attention to the rest of the planets ; and, from de-
scribing their nature and properties, to exhibit a
summary view of the whole system. In the first
place, then, it is to be observed, that the planets
are all opaque spherical bodies, like our earth, that
have no proper light of their own, but shine by
means of the borrowed light which they receive
from the sun: and therefore, only that side of them
which is turned towards him, can receive the benefit
of his light, whilst the opposite side, which the
borrowed rays cannot reach, remains in obscurity,
till by the rotation of the planet on its axis, it is
itself turned towards the sun, and becomes equally -
illuminated by his beams.

The planets are also not only similar to our
earth in form and structure, but they are likewise
known to perform their revolutions round the sun
in the same manner. For by the regular appear-

" ance and disappearance of several remarkable dark
spots, which, by means of a telescope, are con-
stantly to be seen on their bodies, we are able to
ascertain that they must have such a motion about
their axes, as answers to the diurnal rotation of the
earth. And from their seeming at certain times
to be moving forward, and at others to be station-
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ary, and then to go backwards, or be retrograde,
we are equally certain, that they must have such a
progressive motion round the sun, asanswers to
the annual revolution of the earth in its orbit.

Mercury, the nearest planet to the sun, goes

round him in about eighty-seven days and twenty-
three hours, or a little less than three months; which.
is the length of his year. But being seldom seen,
. on account of hjs proximity to the sun, and no
~ spots appearing on his surface, or disk, the time
of his rotation upon his axis, or the length of his
days and nights, is not so accurately determined as
in some of the other planets; though Schroeter, a
German astronomer, has lately found, from the -
variation of the horns of his phases, -that he has
such a motion ; which, according to his estimation,
is performed in little more than twenty-four hours,
being nearly the same as that of the eartb, His
_distance from the sun is computed to be about
thirty-six millions of miles, and his diameter three
thousand one hundred and twenty; and in his
course round the sun, he moves at the rate of a
hundred and five thousand miles an hour.

This planet, when viewed, in different positions,
with a good telescope, seems to have all the
phases or appearances of the moon, except that he
can, at no time, be seen entirely round, or quite
full ; because his enlightened side is never turned
directly towards us, except when he is so near the
sun as to be hid in the splendour of his beams.
Hence, from these phases, it is evident, that he
shines not by any light of his own, as the sun does,

D
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as he would in that case certainly appear, at all
times, round like that luminary.

Venus, the next planet above Mercury, is com-
puted to be sixty-eight millions of miles from the
* sun, and by maving at the rate of seventy-six thou-

sand miles an hour, she completes her annual re-

volution in 224 days and 16 hours, or about seven
months and a half. Her diameter is seven thou-
sand seven hundred miles, and her diurnal rota-
tion on her axis, is performed in 23 hours and 21

minutes. When this planet appears to the west of
the sun, she rises before him in the morning, and
is called the Morning Star; and when she appears
to the east of the sun, she shines in the evening

after he sets, and is then called the Evening Star;
being in each situation, alternately, for about 290
days: and during the whole of her revolution, she
appears, through a telescope, to have all the shapes
and appearances of the moon.

The next planet above Venus, in our system, is
the Earth. Its distance from the sun is ninety-
three millions of miles, and by maving at the rate.
of fifty-eight thousand miles an hour, its annual re-
volution is performed in 365 days, 6 hours, or the
space of a year; which motion, though 120 times
swifter than that of a cannon-ball, is but little more
than half the velocity of Mercury in his orbit. The
earth’s diameter is about seven thousand nine hun-
dred miles; and as it turns round its axis every
24 hours, from west to east, it occasions an appa-
rent motion of all the heavenly bodies, from east
to west, in the same time.
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Next above the Farth’s orbit, is Mars, whose
distance from the sun is computed to be about one
hundred and forty-two millions of miles. He
moves at the rate of fifty-five thousand miles an
hour, and completes his revolution round the sun
in a little less than twb of our years. His diameter
is four thousand three hundred and ninety miles ;
and his diurnal rotation upon his axis is performed
in about 24 hours and 39 minutes. This planet
sometimes appears gibbous, but never horned, like
the moon, which plainly shows, that his orbit in-
cludes that of the earth, and that he shines not by
his own native light.

The next planet in our system is Vesta, for the
koowledge of which we are indebted to Dr. Olbers
of Bremen, being first discovered by him March
29th, 1807. Its distance from the sun is about
two hundred and twenty-three millions of miles,
and its annual revolution in its orbit is performed
in about 3 years 75 months. But neither its
diameter, nor the duration of its diurnal rotation,
have yet been ascertained.

Juno, the next in order, is another new planet,
discovered by Mr. Harding, at the observatory at
Lilienthal, near Bremen, Sept. 1st, 1804, The
mean distaiice of this planet from the sun is esti-
mated at two hundred and fifty-three millions of
miles, and its annual revolution is performed in 4
years, 4 months, and 6 days ; but its diameter, and
the time of its revolving on its axis is unknown.

The next superior planet above Juno, is Pallas,
which was first observed by Dr. Olbers, March

D 2
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.28th, 1802 : the mean distance of which, from the
sun, is reckoned to be about two hundred  and
sixty-three millions of miles, and its revolution in
its orbit is made in about 4 years 7 months and
10 days; but like the two former, its diameter
and diurnal rotation have not been at present as-
certained.

Ceres is the next higher planet, in our system ;

which was first discovered by Piazzi, of Palermo,

~Jan. 1st, 1801. Its mean distance is nearly the
same as that of Pallas, being estimated, in round
numbers, at two hundred and sixty-three millions
of miles; and consequently its annual revolution
is also nearly the same; being performed in 4 years,
7 months, and 11 days. ,

" The extreme minuteness of these planets, as well
as the little time since they have been discovered,
and their great distance from us, render the results
of our observations upon them in some measure

- uncertain; we have, however, reason to conclude,’
that none of their diameters exceed four hundred.

miles, nor are less than a hundred miles. But, at
present, no accurate estimate can be made of the
time of their diurnal rotation.

Jupiter, is the largest of all the planets, and is
reckoned to be about four hundred and eighty-five
millions of miles from the sun; and by going at the
rate of twenty-nine thousand miles an hour, he com-
pletes his annual revolution in something less than
twelve of our years. His diameter is computed to
be ninety-one thousand five hundred miles; and,
by a prodigiously rapid motion upon his axis, he

o
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performs his diurnal rotation in 9 hours and 55
minutes.

Saturn, the next planet in the system above Ju-
piter, is about eight hundred and ninety millions of
miles from the sun; and by moving at the rate of
twenty-two thousand miles an hour, he performs
his annual circuit round that luminaryin a little
less than 294 of our years. His diameter is com-
puted to be about seventy-six thousand miles;
but, on account of his immense distance, and the
deficiency of light occasioned by such a remote
situation, the time of his diurnal rotation upon
his axis was formerly unknown. It is now
however ascertained to be about 10 hours 16
minutes. S '

The next and highest planet in our system at
present known, is Uranus, or the Georgium Sidus;
which was first discovered by Dr. Herschel, March
18th, 1781. The elements of this planet have
been now accurately determined ; from which. it
appears, that its mean distance from the sun is
about one thousand eight hundred millions of
wiles, and its diameter thirty-five thousand. Tts_
annual revolution is performed in dbout 84 years;
but the time of its revolving on its axis has not
been discovered by observation ; although, from
analogy, Laplace conceives that if must be per-
formed in about the same time, or rather less, than
that of Saturn. ’

The various particulars of this and the other new
planets, being highly interesting, I shall speak of
them more at large in some future letter. At present
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it is only necessary to observe, that beside the pri-
mary planets here mentioned, there are eighteen
others, called secondary planets, or satellites,
which regard the primaries as the centres of their
motions, and revolve about them in the same man-
per, as those primaries themselves revolve about
the sun. .

One of the most conspicuous of these satellites
is the Moon, who is a constant attendant on our
Earth ; and, whilst she accompanies it in-its annual
progress through the heavens, keeps revolving
round it continually, by a different motion, in the
space of a month. The Moon’s diameter is about
two ‘thousand one hundred and sixty miles; her
distance from the Earth two hundred and thirty
seven thousand miles; and in bulk she is about
one sixteenth part of that of the Earth. Jupiter has
four such moons, Saturn seven, and Uranus six;
and from the continual change of their phases, or
appearances, it is evident that these also are opaque
bodies, like the planets, and shine only by means
of the borrowed light which they receive from the
syn. _ _

It may also be observed, that our Earth isa.
moon to the Moon, waxing and waning in exactly
the same mannper; but appearing always station-
ary, and presenting a diameter near four times
greater than hers appears to us; the whole
disc being thirteen times larger, and, of course,
affording a proportional quantity of light. When
she changes to us, the Earth will appear full to her,
and when she is in her first quarter to us, the Earth
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will be in its third quarter to her. And, as her
axis is almost perpendicular to the plane of the
ecliptic, one half of her orb will be constantly il-
luminated by the reflected light afforded by the
Earth in the sun’s absence, whilst the other half
will have a fortnight’s darkness, and a fortnight’s
light, alternately.

The rotation of the Moon upon her axis, is also
performed in exactly the same time that she goes
once round the Earth, as is evident from her al-
ways presenting the same face to us' during the
whole of her monthly revolution ; and, on this ac-
count, it is plain that the inhabitants of one half
of the lunar world, are totally deprived of a
sight of the Earth, and must for ever remain
ignorant of its existence, unless business, or plea-
sure, leads them to explore the opposite hemis-
phere; where they may have a full view of our
globe,appearing to themlikea newly-created planet,
with a disc near 13 times larger than that of the
sun.

A number of other circumstances relating to this
subject, will be mentioned in their proper places.
But a general idea of the solar system, together
with the periads, distances, bulks, &c. of the planets,
will be best acquired from the following table,
which is formed from the latest observations of the
best modern astronomers. A minute exactness
in these matters, cannot be easily obtained; and
as the nearest approximate numbers are better re-
tained in, the memory than those which are more
accurate, I have preferred this method of express-
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-ing them for the present, but, when occasion re-
quires, shall be more precise. (c)

Mean and proportional Distances of the Planets
Jrom the Sun.

English miles. ’ Prop. dist.
Mercury . . 36 millions . 04
Venus . . 68 . . . 07
Earth . . 93 . . . 1-0
Mars . . 142 » . . 1'5
-Vesta . . 228 . . . 2:3
Juno . . 253 . . . 2:6
Pallas . . 23 . . . 27
Ceres . . 263 . . . 27 -
Jupiter .. 485 . .. 52
Saturn . . 890 . e - e 95
Uranus . . 1800 . . 19-1

Moon’s distance from the Earth 237000 miles;

Times of Periodic Revolutions of the Planets.

. Days.
Mercury . . . . 87°97
Venus . . . . 224470
Earth . . . . 365-25
Mars . . . . 68698
Vesta . . . . 131300 .
Juno . . . . 1586°00
Pallas . . . . 168000
Ceres . . . . 1680-00
Jupiter . . . . 4332:60
Saturn . . . . 1075900
Uranus . . 30688:90

The Moon revolves about the Earth in 27 days 7716 hours.

(c) The explanation of the terms made use of in this Table,
as well as in several other parl:s of the book, are to be found
at the end of the work.
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Diameters of the Sun and Planets.

Real diam. Eng. miles. App. diam.

+  Sun . . 883246 . . 32! gl

Mercury . 3123 . . o7

Venus . . 7702 . . 0 17

Earth . . 7916 . . . .

Mars . . 4398 . . o 11"

Vesta

Juno Not known, but probably none less than

Pallas ( 100 miles, nor greater than 400 miles.

Ceres .

Jupiter . 91522 . . 0 39

Saturn . . 76018 . . 0 18
Uranus . . 35100 R . 0 4
The Moon . 2160 . . 31 8

Proportion of Bulk, and Densities, of the Sun and

Planets.
Prop. bulk. Prop. dens.
San . . . 1380000 . . %
Mercury . . . I3 . . 2
Venus . e e 3 . 1}
+ Earth . . . 1 s . 1
"Mars . . . . 7 B
Jupiter . . 1400 . B ¥ X
Saturn . . 1000 e
Uranus . . 90 . . +
Moon . . . . L

The bulks and densities of Vesta, Juno, Pallas, and Ceres,
are not known,

~

Diurnal Rotation of the Sun and Planets.

Sun .. 25 days 12 hours
Mercury . . . . 240038
,Venus . . . . 23-3666
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Earth - . . . 23°9333
Mars . . . . 24+6561
Jupiter . . . . 9:9360
Saturn . . . . 10-2720
The Moon . 27 days 7-716 hours.
Note. Thce times of rotation of the five new planets have
not at present been ascertained.

Eccentricities of the Planetary Orbits, in parts
. of the semi-transverse axis.

Mercury . . . . 0-205

Venus . . . . 0007
Earth . . . . 0017
Mars e« + « . 0093
Vesta . . « e 0°097
Juno . . . . 0254
Pallas . . . . 0°246
Ceres . . . . 0076
Jupiter . . . . 0048
Saturn . . . . 0056
Uranus . . . . 0047

Inclination of the Planetary Orbits.

Mercury AT
Venus . . . . 3 23
Earth . . . . 0 00
Mars . . . . 1 51
Vesta . . . . 7 5
Juno . . . . 13 4
Pallas . . . 34 38
Ceres . . . . 10 38
Jupiter . . . . 1 19
Saturn . . . . 2 29
Uranus . . . . 0 46

Besides their satellites, or moons, the two
planets, Jupiter and Saturn, are distinguished from
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the rest in a manner still more remarkable. The
body of Jupiter is surrounded by several parallel
faint and variable substances called Belts. And
Saturn has a magnificent double luminous Ring,
which encompasses him, at such a distance, that
stars have sometimes been seen between the in-
ward surface of the ringand the body of the planet.
But neither these appearances, nor the satellites
themselves, can be discerned without the assist- .
ance of a telescope. )
~ Various instruments have been constructed by
ingenious mechanics, for the purpose of exhibiting,
in a sensible manner, the several motions of these
bodies ; but many of them are so complicated in
their construction and appearance, that they rather
confuse the student, and render the subject, which
they are intended to illustrate, more obscure and
complicated. There are others, however, of a more
simple nature, which may, in some cases, be used
to advantage; of which kind is the planetarum,
represented in Plate 11.; which by means of its in-
ternal mechanism, gives motion to the six primary
planets, Mercury, Venus, the Earth, Mars, Jupiter
and Saturn; the satellites and other planets being
omitted to prevent confusion. (d)
Archimedes is said to have invented an instru-

(d) These are proportioned, as near as can be done on a
small scale, to the various magnitudes, distances and periodic
revolutions of the planets they are meant to represent ; and
when put in motion give a tolerable idea of the mechanism
of the solar system; or, at least of that part of it which is
comprehended by them.
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-anent of this kind, which exhibited all the celestial
motions in the most natural order; but of the exact
nature of its construction we are not informed. It
is frequently alluded to by the Latin poets, parti-
cularly by Claudian, whose much admired epigram
~on this subject is in English, as follows :

““'When in a glass’s narrow sphere confined,

- Jove saw the fabric of th’ Almighty mind,
He'smiled and said; ‘“Can mortal’s art alone
Our heavenly labours mimic with their own?
The Syracusan’s brittle work contains

" Th’ eternal laws that through all nature reigns:

Framed by his art see stars unnumbered burn,
And in their courses rolling orbs return ;

His sun through various signs describes the year,
And every month his mimic moons appear.

Our rival’s Jaws his little planets bind,

And rule their motions with a human mind.
Salmoneus could our thunder imitate;

But Archimedes can a world create.”

Having thus enumerated the planets and their
attendants; the comets are now the only bodies
belonging to our system, which remain to be men-
tioned ; and of these the number is unknown. But
from a variety of observations which have been
made on some of the most remarkable ones, it has
been found that they move round the Sun, and cross
the orbits of the planets in various directions.
They are also solid opaque bodies, of different mag-
nitudes, like the planets; and are distinguished
from them principally, by long fiery tails, which
continually issue from that side of them which is

_furthest from the sun. » : :

The orbits in which these vast bodies move, are
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- exceeding long ovals, or very eccentric ellipses, of
such amazing circumferences, that in some parts
of their journey through the heavens, they approach
so near the sun, as to be almost vitrified by his
heat; and then go off again into the regions of in-
finite'space, to-such immense distances, as must
nearly deprive them of the light and heat which
the rest of the planets receive from that luminary.

What a magnificent idea of the Creator and his
works is here presented to the imagination! The
sun, a stupendous lumindus body, is placed in the
centre of the system, round whose orb, the planets,
satellites, and comets, perform their revolutions,
with an order and regularity that must fill our
minds with the most exalted conceptions of their
divine Original. Who can contemplate the mag-
nitudes and distances of these vast bodies, and the
beautiful harmony of their motions, and not be .
struck with the grandeur of the scene, and the
power of omnipotence! But what must be our
astonishment when we are told, that this glorious
system, with all its superb furniture, is only a small
part of the universe ; and if it could be wholly an-
nihilated, would be no more missed, by an eye that
could take in the whole creation, than a grain of
sand from the sea-shore.

To form a proper idea of the extent of the uni-
verse, and the more glorious works of creation, we
must turn our attention to the starry firmament ;
and visit those numerous and splendid orbs which
are every where dispersed through the heavens,
. far beyond the limits of our planetary system.
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“ We, though from heav’n remote, to heav'n will move
With strength of mind, and tread the abyss above ;
And penetrate, with an interior light,

Those upper depths, which nature hid from sight.
Pleased we will be to walk along the sphere -
Of shining stars, and travel with the year ;

To leave the heavy earth, and scale the height
Of Atlas, who supports the heav’nly weight ;

To look from upper light, and thence survey
Mistaken mortals wand'ring from the way.”

Ovip.

It is in these higher regions, that the Almighty
has displayed himself in such indelible characters
as must rouse the most insensible speetator, and
fill his mind with admiration and astonishment.
By contemplating the magnitudes and distances of
the fixed stars, all partial considerations of high

“and low, great and small, vanish from the mind;

and we are presented with such an unbounded

view of nature, and the immensity of the works of
creation, as overpowers all our faculties, and makes
us ready to exclaim with the Psalmist, “ Lord,
what is man, that thou art mindful of him, or the
son of man, that thou regardest him ”

The fixed stars are distinguished from the
planets by being more bright and luminous, and
by continually exhibiting that appearance which
we call the seintillation, or twinkling of the stars.
This, probably, arises from their appearing so ex-
tremely small, that the interposition of any very
minute substance, of which there are many con-
stantly floating in the atmosphere, deprives us of
the sight of them : but as the interposed body soon
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changes its place, we again see the star; and this
succession being perpetual, occasions the twink-
ling.

But a more remarkable property of the fixed
stars, and that from which they obtained their name,
is their never changing their situation with regard
to each other, as the planets do. For though the
revolution of the earth upon its axis occasions an
apparent daily motion of the whole frame of the
heavens, in a contrary direction ; yet any two fixed
stars being observed, at several distant intervals of
time, will always be found to preserve the same re-
lative position during the whole of this revolution.

It is not to be imagined, that the stars are placed
in one concave surface, so as to be all equally dis-
tant from us; but that they are dispersed through
unlimited space, in such a manner, that there may
be as great a distance between any two neighbour-
ing stars, as there is between our sun and those
which are the nearest to him. So that an observer,
who could be placed near any fixed star, would
consider it alone as areal sun, and the rest only as
so many shining points, placed at equal distances
from him in the firmament.

It is generally supposed, that the difference we
perceive in the size of the stars, arises from their
different distances, and that those which appear
the largest are the nearest to us; hence these are
said to be of the first magnitude; those that appear
something less, of the second magpitude; and so
on as far as the sixth; which includes all the stars
that are visible without a telescope. And though
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in a clear winter’s night, when the moon is below
the horizon, the stars seem to be innumerable, yet
when the whole firmament is divided into signs
and constellations, as it has been by the ancients,
the number which can be seen at once, by the
naked eye, does not far exceed a thousand.

Since the invention of the telescope, indeed, the
number of the fixed stars has been justly consider-
ed as immense; because the more perfect our in-
struments are, the more stars always appear to us;
and as we cannot conceive any bounds to infinite
space, no more can we even in imagination affix
any limit to the number of the stars, which are dis-
persed through it in every direction. The Galaxy,
or Milky-Way, is one continued cluster of small -
stars, which combine to illuminate that part of the
firmament, and diffuse such a shining whiteness
througlrit; and in this portion of the heavens only,
the telescope discovers to us that their number is
without bounds.

“¢ A broad and ample road, whose dust is gold,
And pavement stars, as stars to thee appear,
Seen in the Galaxy, that milky way,

Which nightly, as a cirling zone thou seest
Powder'd with stars.”

, MiLTox.

The immense distance of the fixed stars from
our earth, and from each other, is, of all conside-
rations the most proper for raising our ideas of the
works of God, and the extent of the creation. The
largest star in appearance, and therefore probably
the nearest to us, is Sirius, or the dog-star. Now
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the earth, in moving round the sun, is one hundred
and eighty-six millions of miles nearer to this star
in one part of its orbit, than in the opposite one;
and yet its magnitude does not appear to be in the .
least altered, or its distance affected by it. The
celebrated Huygens carried his thoughts so far
upon this subject, as to believe that there might be
stars, at such inconceivable distances from our
earth, that their light, though it is known to travel
at the rate of more than ten millions of miles in a
- minute, has not yet reached us since the creation of
the world.

The stars being at such prodigious distances
from the sun, cannot possibly receive from him so
strong a light as they scem to possess, nor even a
degree of brightness sufficient to make them vi-
sible to us. For his rays would be so scattered
and dissipated before they could reach such remote
objects, that they could never be transmitted back
to our eyes, so as to render those objects visible
by reflection. The stars, therefore, shine with their
own native and unborrowed lustre, and are totally
different from the planets, ‘which are opaque or
dark bodies, without any other light than what
they receive from the sun.

Modern discoveries, also, make it probable, that
each of these fixed stars is a sun, having worlds
rovolving round it, a8 our sun has the earth and
other planets revolving about him. For it is not
to be imagined that the Almighty, who always acts
with infinite wisdom, and does nothing in vain,
should have created so many glorious suns, fit for

E
s
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so many important purposes, and placed them at
such distances from one another, without proper
objects near enough to be benefited by their in-
fluence. Whoever supposes that they were made
only to give a faint glimmering light to the inhabi-
tants of this globe, must have a very superficial
knowledge of astronomy, and a mean opinion of
the divine wisdom : since many of the stars are so
far from benefiting us, that they cannot be seen
without the assistanceof a telescope; and the Deity,
by an infinitely less exertion of creating power,
could bave given our earth much more light, by
means of one single additional moon.

Instead, therefore, of one sun, and one world
only in the universe, as the unskilful in astronomy
imagine, that science discovers to us such an in-
conceivable number of suns, systems, and worlds,
dispersed through infivite space, that our plane-
tary systemn compared with the whole, appears but
" as a point, or atom, and is almost lost in the im-
mensity of creation. The Georgium Sidus, not-
* withstanding, revolves round the sun in an orbit
of above ten thousand millions of miles in circum-
ference, and some of the comets make exaursions.
of many millions of miles beyond this ; and yet, at
thatamazing distance, they are incomparably nearer
to the sun tban to any of the fixed stars; asis evi-
dent from their keepingclear of the stars, audretum—
ing periodically by virtue of the sun’s attraction.

Since the fixed stars, therefore, are prodigious
spheres, possessing in themselves the power of illu~
_ mination, and are at incongeivable distances from
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each other, as well as from us, it isreasonable to con-
clude that they are inade for the same or similar
purposes with our sun; to bestow light, heat, and
vegetation on a certain number of planets and sa-
tellites which revolve about them. And, from what
we know of our own system, it seems probable,
that all the rest are with equal wisdom contrived,
“situated, and provided with accommodations for
rational inhabitants. For although there is an in-
finite variety in those parts of the creation, which
we have an opportunity of examining, yet there is
a general analogy running through and connecting
all the parts into .one scheme, one design, one
whole! _

To conclude, in the words of an admired writer
upon this subject; “What an august, what an
amazing conception, if human imagination can con-
ceive it, does this give of the works of the Creator!
Thousands of thousands of suns, multiplied without
end, and ranged all around us, at immense dis.
tances from each otbher, attended by ten thousand
times ten thousand worlds, all in rapid motion,
yet calm, regular, and harmonious, invariably keep-
ing the paths prescribed them; and these worlds
peopled with myriads of intelligent beings, formed
for an endless progression in perfection-and felicity.

“If so much power, goodness and maguificence,
be displayed in the material creation, which is the
least considerable part of the universe, how great,
wise and good must HE be, who made and governs
the whole!”

Eg
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LETTER IV.

OF THE SYSTEMS OF PTOLEMY, TYCHO BRAHE, AND.
COPERNICUS.

Or all the gifts and benefits which the Author of
nature has so plentlfully bestowed upon mankind,
those which consist in the lmprovement of the
-mind by arts and sciences are the most estimable.-
And, independently of the practical advantages
which society derives from the cultivation of them,
they afford us more pure and unalloyed pleasures
* than any of the gratifications of sense can possibly-
bestow.

The unbounded view of nature, which I have
laid open in my last letter, and the wonderful ope-:
rations of the Deity in every part of this stupen- -
dous fabric, will not only ennoble the mind and.
strengthen the understanding, but it is likewise cal- -
" culated to answer a still more important purpose,
that of laying a sure foundation for natural religion,
and leading us, in the most satisfactory manner, to
a knowledge of the great Author and Governor of
the universe.

To study nature, is to search into the works of
the creation ; where every step must lead us to form
more exalted ideas of the Divine Being who prevails
throughout, directs and animates the whole. From
the microscopic animalcule, which is indiscernible -
to the unassisted eye, to the great and immeasur-
able luminaries of heaven, he is every where pre-
sent. And whilst we perceive his wisdom and
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power thus equally displayed in the motions and
operations of the greatest and subtilest parts of
the creation, we cannot but be excited and ani-
mated to correspond with the general harmony.
What sublime ideas of this great Being, do we
obtain from contemplating the vast diversity of his
- works, which the cursory survey we have taken of
them, imperfect as itis, affords us ; -and how is the
mind enlarged and captivated by the astonishing
scenes, and agreeable. reflections, which these en-
quiries continually present to our view. That
part of nature, which is the immediate object of
the senses is very imperfect, and but of small ex-
tent ; but by the assistance of art, and the help of
our reason, it is enlarged till it loses itself in an
-infinity on either hand. The immensity of things
on one side, and their minuteness on the other,
carry them equally out of our reach, and conceal
from us the greater and more noble part of physi-
- cal operations. As magnitude of every sort, ab-
stractedly considered, is capable of being increased
“to infinity, and is also divisible without end ; so
we find that, in nature, the limits of the greatest
and least dimensions of things are placed at an
immense distance from each other. We can per-
ceive no bounds to the vast expanse in which na-
 tural causes operate, and are no less at a loss when
we endeavour to trace things to their elements, and
to discover - the limits which conclude the subdivi-
- sions of matter. |
The objects which :we commonly - call great
-vanish, when we contemplate the vast body of the
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earth; the terraqueous globe itself is soon lost in
the solar system ; in some parts it is seenonlyasa
distant star ; and in others it is-unknown, or visible
only at certain times, by vigilant observers, assist-
ed, perhaps, by instruments like our telescopes.
The sun himself dwindles into a star; Saturn’s
vast orbit, and the orbits of all the comets, crowd
into a point, when viewed from numberless places
between the earth and the nearest fixed stars:
~ other suns give light to illuminate other systems,
where our sun’s rays are unperceived; but these
also are swallowed up in the immeasurable ex-
‘panse. Even all the systems of the stars, which
sparkle in the clearest sky, must possess but a
small part of that space over which such systems
are dispersed ; since more stars are discovered in
one constellation, by the telescope, than the naked
eye perceives in the whole heavens.

And after we have risen thus high, and left all
definite measures so far behind us, we find our-
selves no nearer to a term or limit ; for all this is
nothing to what may be displayed in the infinite
expanse, beyond the remotest stars that bave ever
been discovered,

In like manner, if we descend in the scale of
nature, towards the other limit, we find a like gra-
dation from minute objects to others inconceivably
more subtile; and are led as far below sensi-
ble measures, as we were before carried above
them, by similar steps, which soon become lost
in equal obscurity. From microscapic observa-
tions that discover animals, thousands of which
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would scarcely form a particle discernible to the
naked eye; from the propagation, nouvrishment
and growth of those animals ; fromrthe subtilty of
the effluvia of bodies, which retain their particular
properties after the utmost degree of rarefaction ;
from many astonishing experiments of the che-
mists; and especially from the inconceivable mi-
nuteness of the particles of light, which find a
passage through the pores of transparent bodies
in all directions, it appears, that the sub-divi-
sions of the parts of bodies descend by a number
of steps or gradations that surpasses all imagina-
tion, and that nature is inexhaustible on every side,
the two extremes of great and small being equally
removed from our comprehension.

Nor is it in the magnitude of bodies only that
this endless gradation is ta be observed. Of mo-.
tions, some are performed in moments of time,
and others are finished in very long periods ; some
are too slow, and others too swift to be perceived
by us. So that wherever we turn ourselves, we
are lost in an endless labyrinth; and find fresh
reasons, at every step, to adore and venerate that
Being, whose works are so various and hard to be
comprehended.

But it is now time to leave these pleasing drgres-
sions, and to give yon seme account of the diffe-
rent opinions of philosophers, concerning the situa-
tion of the heavenly bodies, or the place which
tliey possess in the uwniverse; i which enquiry
you will not be surprized to find, that they are no
less various and ecentradictory, than those relating -
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to the figure and motion of the earth, as mentioned

in a former letter. For mankind must have made
considerable advances in astronomy, before they
could so far disengage themselves from the preju-
dices of sense and popular opinion, as to believe
in a doctrine so sublime and remote from vulgar
apprehension, as that which the moderns have now

firmly established.

The beginnings of sciences, as well as of other
things, are uncertain and obscured with fables; we
collect, however, from several testimonies, that the
true doctrine of the planetary motions was known
in the world from the most early ages, and taught
by some of the greatest and wisest men of anti-
quity. That admirable philosopher Pythagoras,
who flourished near five hundred years before
Christ, was undoubtedly acquainted with this doc-
trine. But, from the accounts of his disciples and
followers, it is evident, that it was not the result of
his, own observations ; but that he had received
hints of it from some more enlightened nations,
who had made greater advances in the science.

It is most probable, indeed, ‘that the doctrine
was transplanted by him from the east, in which
part of the world he spent two and twenty years,
and scrupled not to comply with all the customs
peculiar to the eastern nations, in order. to obtain
free access to their priests and magi, to whom al-
most all knowledge of arts and sciences was then
confined. And as he was a man of ‘extraordinary
qualities, and had an. insatiable thirst for know-

ledge, so he seems to haye been the most success-
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ful of any of the ancients in making himself ac- .
- quainted with their philosophy.

We accordingly find, that many.of his followers
had just notions of the planetary system ;- and not
only taught that the earth moved daily on its own
axis, and revolved annually round the sun, but
gave such an account of the comets as is agreeable
to. modern discoveries. They also taught that

- every star was a world, having each of them some-
thing corresponding to our earth, such as air and
-water ; and that the moon, in particular, was in-
habited by larger and more beautiful animals than
those of our globe.  This system, however, was so
extremely opposite to the prejudices of sense and
apinion, that it never made any great progress in
the ancient world. The philosophers of antiquity,
- despairing of being able to overcome ignorance by
_ reason, set themselves to adapt the one to the other,
and. to form a reconciliation between them.

The most celebrated of those who undertook to
establish an hypothesis of this kind, and to defend
it with a show of reason.and argument, was
Ptolemy, an Egyptian philosopher, who lived in

. the time of the emperor Adrian, about an hundred
.and thirty years after Christ. = He supposed with
the vulgar, who measure every thing by their own
conceptions, that the. earth-was fixed immoveably
in the centre of the universe ; and that the Moon,
Mercury, Venus, the Sun, Mars, Jupiter, and

. Saturn, revolve round it in the order they are men-
tioned. Above these was the firmament of the
- fixed stars, the crystalline orbs, the primum mobile,
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and last of all, the ceslum empyrium, or heaven of

heavens. All these vast orbs were imagined to

move round the earth once in twenty-four bours,

and also in certain stated or periodical times,

agreeable to their annual changes and appearances.

Every star was supposed to be fixed in a salid

transparent sphere, like crystal ; and to account

for their different motions, he was obliged to con-

ceive a number of circles called eccentrics and

epicycles, which crossed and intersected each other

in various directions. And if any new motion was

discovered, a new heaven of crystal was formed to

account for it. So that, as Fontenelle observes,

heavens of crystal cost him nothing, and he multi

plied them without end, to answer every purpose.
This absurd system is referred to by Milton, in

the 8th book of his Paradise Lost, where, speaking

of the dreams of visionary philosophers, concern-

ing the nature and motion of the heavenly bedies,

be says,

—— Or-if they list to try

Conjecture, he his fabric of the heavens

Hasleft to their disputes, perhaps to move

His laughter at their quaint opinions wide

Hereafter, when they come to model heaven

And calculate the stars, how they will wield

The mighty frame, how build, unbuild, contrive

To save appearanees, how gird the sphere

With centric and eccentric scribbled o’er,

Cycle and epicycle, orb in orb.”

The embarrassment of these circles appeared so
great, that Alphonsus, king of Castile, a consider-
able mathematician of his time, did not scruple: to
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observe that if God had called him to his council
when he made the world, he could have directed
him how to have done it in a better manner. The
~ thought savours too strongly of libertinism, but
at the same time sufficiently expeoses the confusion
and absurdity of this hypethesis.

But independently of these considerations, this
rude system was soon found incapable of standing
the test of observation and experiment ; and, not-
withstanding the opposition of blind and zealous
bigots, it has long been rejected by all mathemati-
cians and true philosophers. The planets, Mer-
cury and Venus, are now well known not to in-
clude the earth in their orbits; and the comets move
through the heavens in all manner of directions,
so that they must infallibly have met with con-
tinual obstructions, and would, long ere this, have
broken all these crystal spheres to pieces, and ren-
dered them totally unfit for the purposes for which
they were designed. :

The contradictions and perplexities attending
the Ptolemaic hypothesis, were indeed so nume-
rous and evident, that it was impossible they should
ever be reconciled upon that supposition. But
notwithstanding this, mankind were not easily in-
duced to give up their darling prejudices, and em-
brace the truth, in whatever form she presented
herself to them. Many early habits must be cor-
rected, and vulgar prepossessions eradicated from
the mind, before we can be brought to reckon the
earth as a planet, and to consider this prodigious
globe, which, of all things in nature, appears to he
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~ the most fixed and stable, to be carried round the
heavens with the rapidity of fifty eight thousand
miles an hour. -

‘To humour these prejudices, by keeping the
earth still fixed in the centre, but at the same time
to remove some of the most palpable absurdities
attending that doctrine, was the. design of Tycho"
Brahe, who attempted to establish a new system,
and to account for the celestial motions by a more
plausible hypothesis.  This noble Dane, who
flourished in the latter end of the sixteenth cen-
tury, had furnished himself with an excellent eol-
lection .of mathematical instruments, and, by that
means,. had made himself too well acquainted with
the motions. of the heavenly bodies, to imagine
their centre to be any where else than in the sun.
He was struck with the beauty, simplicity and har-
mony of the Pythagorean system, which Copernicus
had lately revived ; but. out of respect for some
passages of Scripture, which seemed to contradict
-this doctrine, he set himself about to reconcile his
learning with his- faith; and, in order that the’
earth might remain quiescent, he supposed the sun,
with all the planets, to be carried about it in the
space of a year; whilst these, by their proper
motions, revolved round.the sun in their several
. periods. '

In this new system of Tycho’s, there is some in-
genuity, though but little. conformity to truth and
-observation. For having rejected the diurnal ro-
-tation of . the earth on its axis, he was obliged to
 retain the most absurd part of the Ptolemaic hypo-
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thesis, by supposing that the whole universe, to
its farthest visible limits, was carried by the pri-
~mum mobile about the axis of the earth continually
every day. But in this, however, he was abandon-
ed by somie of his followers, who chose rather to
save this inmense labour to the spheres, by as-
cribing a diurnal motion to the earth; on which
account they were dlstingulshed by the name of
Semi-Tychonics.

But though Tycho was not happy in establish-
ing a new system, he was yet of great use to astro-
nomy, by his diligence and exactness in making
observations for a long series of years. Amongst
other things, he: discovered the refraction of the
air, and determined the places of a great number.
- of the fixed stars, with an accuracy unknown to
the astronomers of former times. He likewise de--
monstrated, against the opinion which then pre-
vailed, that the comets were higher than the moon;
and from his observations on this, and the rest of
the planets, the theories of their motions were
afterwards corrected and improved; so that for.
these services he will always be. celebrated and
esteemed by astrenomers.- "

Arts and sciences, like kingdoms and states,
have their various changes and revolutions ; at some
periods - shining with uncommon lustre, and at
others involved in ignorance and barbarity. Astro-
nomy, having flourished for a considerable time
under the auspices of Pythagoras and his followers,.
was again neglected and obscured for many ages,
s0 that the true system of the world seems to have. -
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been entirely forgotten. Instead of consulting the
heavens, and collecting the history of nature, suc-
ceeding philosophers were ambitious of gratifying
their own vanity, by inventing whimsical hypo-
theses, which had no conformity to fact and ex-
periment. Solid orbs and epicycles were multi-
plied to answer every appearance, till the universe
had lost all its native beauty in their deseriptions,
and seemed again reduced to a chaos by their un-
happy labours.

It wae about the middle of the sixteenth century
that Copernicus, a bold and original genius, adopt-
ed the Pythagorean, or true system of the universe,
and published it to the world with new and demon-
strative arguments in its favour. (Pl. 1.) Seized
with a daring enthusiasm, he laid bis hands on the
cydles and crystal orbs of Ptolemy, and dashed
them topieces. And, with the same noble phrensy,
he took the unwieldy earth, and sent her far from the
centre of the system, to move round the sun with
the rest of the planets; so that of ali the celestial
equipage, with which she had been formerly digni-
fied, there only remained the moon to attend-and
accompany ber in her journey.

Europe, however, was still immersed in barbar-
ism and ignorance ; and the general ideas of the
world -were not able to keep pace with those of a
refined philosophy. - This occasioned Copernicus
to have few abettors, but many opponents. Threat-
ened 'by the perseciition of religious bigots on the
one side, and with an obstinate.and vielent opposi--
tion from those who called themselves philosophers,
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on the other, it was not without the greatest solici-
tations, that he could be prevailed upon to give up
his papers to-his friends, with permission to make
them public. But, from continual importunities
of this kind; he at length complied; and his book
De Revolutionibus Orbium celestium, after being
suppressed for more than thirty-six years, was at
length published, and a copy of it brought to him a
few hours before his death.

. In this treatise he restored the ancient Pytha-
gorean system, and deduced the appearances of
the celestial motions from it in the most convincing
and satisfactory manner. Every age since has pro-
duced new arguments in its favour ; and notwith-
standing the opposition it met with from the preju-
dices of sense against the earth’s metion, the au-
thority of Aristotle in the schools, the threats of
ignorant enthusiasts, and the terrors of the inquisi-
tion, it has gradually prevailed ever since, and is
* now universally received by all the learned through-
out Europe.

. Towards the end of the same century also, and
about the beginning of the next, those great mea
Galileo and Kepler particularly distinguished
themselves in the defence of this doctrine ; and by
means of the telescope, which was the invention of
that time, made many new and surprising dis-. -
coveries in the heavens. By applying this instru-
ment to the planets, Galileo first observed, that
the phases of Venus were like the monthly phases
of the moon ; and thence inferred that she revolved
round the sun as a centre. He also proved the

<
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revolution of the sun on its axis, from the motion
“of his spots; and by that means rendered the
diurnal rotation of the earth more credible. The -
four satellites which attend Jupiter, in his revolu-
tion about the sun, represented, likewise, in minia-
ture, a just image of the great solar system, and
rendered it more easy to conceive how the moon
might attend the earth, as a satellite, in her an-
nual revolution. In short, by his discovering hills
and cavities in the moon, and spots in the sun, he
proved, clearly, that there was not sp great a dif-
ference between celestial and sublunary bodies as
philosophers had-vainly imagined.

From these discoveries, astronomy began to
assume a new form, and most of the celestial pha-
nomena were soon accounted for, according to
their real or physical causes. Des Cartes, Gassen-
dus, Cassini, and Newton, employed themselves,
with the utmost diligence, in improving and per-
fecting this science: and the last of these great
men, in particular, has established the Copernican
system upon such an everlasting basis. of mathe-
matical demonstration, as can never be shaken,
but must last as long as the present frame of na-
ture continues in existence.

ey
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LETTER V.
OF THE SYSTEM OF DES CARTES.

THE active mind of man is naturally fond of in-
vestigation; and from contemplating effects, we
are insensibly led to enquire into the causes which
produced them. After having discovered the vast
extent of the creation, and the order, regularity,
and harmony of the celestial motions, our next re-
flections will be, how such a frame began at first
to exist, and by what force those prodigious bodies
are constantly driven round the sun, and retained
in their orbits.

But to prosecute these researches with proper
advantage, requires a free and unbiassed mind, in-
vigorated with all the powers of genius and judg-
ment. From the workmanship to trace the Work-
‘man ; and from viewing the grand machine of the

- universe, to discover the hidden springs of its mo-
tion, and the secret laws of its mechanism and con-
trivance, is, of all pursuits, the most sublime and
interesting, and, perhaps, the highest pitch of know-

- ledge which the human faculties are capable of at-
taining. . .

It must not, therefore, be considered as a matter
of surprise, that, in the more early ages of the
world, when science was yet in its infancy, and the -
mind of man enslaved and debased by ignorance
and a barbarous superstition, a knowledge so ex-
alted and refined should be but imperfectly under-
stood, and but little cultivated.

F
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~ The priests and magi of the east, who are sup-

posed to have been thé first masters of the sciences, .
involved all their notions in #nigmatical and alle-
gorical representations ; so that what was plain and
sithple, was tefidéred mysterious and doubtful;
and thaikind, instead of being made acquainted
with nature, and the manner in which she con-
ducts her opeérations, were amused only with ab-
surd fablés and chimerical coneeits, which were
80 far from answering the purposes of instruction,
that they served anly to impede and retard it. To
some of their most favoured disciples and fol-
lowers they unveiled their mysteries, but the people .
in general were kept in darkness and the grossest
ignorance.

From Egypt and Pheenicia pHilosophy travelled
into Greece, and was there more generally culti-
vated and diffused; but in a manner equally un-
favourable to instruetion and improvement. The
philosophers of those times, disputatious and ob-
stinate, were more fond of victory than truth ; and
whilst they contended only to show their ablities,
and to display a vain ostentation of learning, men
were diverted from pursuing real knowledge, and
a talkative philosophy was instituted, which was
principally upheld by logical quibbles and sophis-
tical subtilties, that had no relation to fact or ex-
periment, the only sure foundations upon which

any system of physics can possibly be supported.
- Instead of searching into nature, men retired to
contemplate their own notions; and, instead of
tracing her operations, gave their imaginations full



LET.V.] OF THE SYSTEM OF DES CARTES, 67

play; where they ought to have hesitated ‘they

decided ; and where there was no diffiulty they

doubted. What was simple they divided, and de-

fined what was plain; but in what was more in-
tricate, the subterfuges of art were set up in oppo--
sition to nature, and captious science against com(~
- mon reason.

A considerable party of old, adopted that mon-
strous system, which, excluding the influence of a
Deity, attempted to explain the formation of the
universe from the fortuitous concourse of atoms ;
and derived the ineffable beauty of things, and even
life and thought itself, from a lucky hitin the blind
uproar. One sect retained the passive and stug-
gish matter only, whilst others, ore refined, ad-’
mitted active as well as passive principles, life as
well as thought, and taught that every thing was
governed by a supreme Mind. Some maintained,
that there was no stability of essence or knowledge
any where to be found, but that man was the mea-
sure of truth to himself in all things, and that every
opinion or fancy of every man was true. Whilst
others, again, ran into the opposite extreme, and
were so sceptical as to doubt even whether they
doubted or not. '

But to leave these, and a thousand other crude
notions, which deserve no remembrance, we will
now proceed to consider the more plausible hypo-
thesis of a philosopher of modern times, who has
attempted to explain the phnomena of nature by
principles less exceptionable than those of the an-
cients ; and has acquired sucha reputg.tion amongst

F 2
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his followers, as makes it necessary to examine his
doctrine with more particular attention.

Renes des Cartes, a French philosopher, who
was born in the year 1596, was the author of this
new system, which bas been so highly extolled,
- and considered by many, as the most extensive,

and exquisite in its contrivance, of any that had

yet been 1magmed Endowed with a bold and ele-
vated genius, he scorned to'subject himself to the
servile drudgery of observation and experiment,
. but attempted to unveil all the mysteries of nature
at once; and thought it beneath him to offer any
thing to the world, less than a com plete and finished
system.

" In order to attain this grand purpose, he begins
his Principia, by endeavouring to establish a clear
and perfect idea of the existence and attributes of
the Supreme Being; which he makes to depend
upon our inward conviction that such a being
actually is; and from this absolute and certain
knowledge of the Deity, he attempts to deduce an
explication of his works, that by this means we may
acquire the most perfect kind of science, which is
that of deducing effects from their causes. _

From the veracity of the Supreme Being, he infers
the reality of material objects, which are represented
" to us, as existing without us; and, by placing the
essence of matter in extension, he concludes, that
there can be no such thing as a vacuum, or space
void of body or material substances ; but that all
nature is absolutely replenished, and that there
must be an universal plenum.
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All self-evident propositions and axioms, are
made, by him, to depend upon the mere will and
arbitrary choice of the Deity; and, after ex-
plaining the formation of matter, and its division
into different elements, he next proceeds to show
how the universe might have assumed its present
form, and may be for ever preserved by mechani-
cal principles.

To account for the motions of the celestial
bodies, the sun is supposed to be placed in the
centre of a vast whirlpool of subtle matter, which
extends to the utmost limits of the system ; and
the planets, being plunged into such parts of this
vortex as are equal in density with themselves, are
continually dragged along with it, and carried
round their several orbits by its constant circula-
tion. Those planets which have satellites, are like-
wise the centres of other smaller whirlpools which
swim in the great one; and the bodies that are
placed in them, are driven round their primaries
in the same manner as those primaries are driven
round the sun.

Now as the sun turns upon his axis the same
way that the planets move round him, and the
planets also turn round their axes the same way
as their satellites move round them ; it was imagin-
ed, that if the whole planetary region was filled
with a fluid matter, like that before-mentioned, the
sun and planets, by a constant and rapid rotation
on their axes, would communicate a circular mo-
tion to every part of this medium, and by that
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means drag along the bodies that swim in it, and
‘give them the same circumvolution.

This, in few words, is the celebrated system of
vortices, and the world of Des Cartes. The fabric,
it must be confessed, is raised with great art and
ingenuity, and is evidently the produce of a lively
fancy and a fertile imagination. But then, itcan
be considered only as a philosophical romance,
which amuses without instructing us, and serves
principally to show that the most shining abilities
- are frequently misemployed ; and will always be
found inadequate to the arduous task of forming-
a complete system of nature, which is not to be
expected even from the labour of ages.

The method which he has taken to establish the
existence and attributes of the Deity, merely from
any abstract notions which we can form of such a
- being, independently of his works, is also very im-
proper and unsatisfactory. Aund the making of
truth and falshood, right and wrong, to be depen-
dent on his will only, tends to weaken all science
and confound its principles.

Whilst he supposes extension to constitute the
essence of matter, bhe neglects solidity, and the in-
ertia by which it resists any change in its state of
motion or rest, which principally distinguishes
body from space ; and, for that reason, the doctrine
of an universal plenum, deduced from this defini-
tion, is founded upon false principles.

That there is such a thing as a vacuum in na-
ture, or a space void of body, may be demonstrated
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from a variety of experiments. DBy means of the
air-pump, we can so far exhaust the air from a
glass-receiver, that a piece of gold and a feather,
being let fall together, from the top of the vessel,
shall both descend equally swift, . and come to the -
bottom at the same time : which evidently shows,
that the air being taken away, there remains pp
other matter sufficient to cause any sensible re-
sistange, or that in the least impedes or ohstructs
their passage.

Upon the suppogition, indeed, of an universal
plenitude, all motion woeuld be impossible. For
whatever be the nature of this materia subtjlis,
whether dense or rare, the whole muyst be abso-
lutely immovable and impenetrable; apd for a.
body to pass through such a medium, woyld be
more difficult than for it to pass throygh p sea of
quicksilver, or a rock of adamant. -

It was said, by many of the angient philosophers,
that nature abhors a vacyum; and by means of

- this absurd dogma, and many others of the like
natyre, they attempted to prove and illustrate the
doctrine of an universal plepum, like that of Des
Cartes. But this is a bare assertion, unsupported
by facts, and is toe idle a notign to require any

' formal refutation. And in nearly the same predi-
cament, are most of the other arguments that have
been used in defence of this doctripe. They are
all sufficiently exposed, not only by the Torrecel-

* lian experiment, and the nature of pumps in gene--
ral, but likewise from the most opvious pheeno-

. mena of the constant and free mpotion of bodjes; as



72  OF THE SYSTEM OF DES CARTES. [LET.V.

well those that are in'the heavens, as those that are
near the earth’s surface, which come continually
under our inspection. :

The objections which may be brought against
his vortices, or whirlpools, are also equally strong
and irrefragable; and show clearly enough, the
contradictions and absurdities which attend this
hypothesis. For if these imaginary vortices car-
ried the planets from west to east, by means of
their particular circulations, the comets, which
traverse those spaces in various directions, from
east to west, and from north to south, could never
move according to any determinate law, as they
would be constantly impeded and turned out of
their course by so many contrary and opposite
motions.

Besides which, if it should be allowed, that the
comets had never actually passed from east to west,
and from north to south, yet nothmg would be
gained by this concession. For it is well known,
that whilst a comet is passing through the neigh-
bourhood of Mars, Jupiter, or Saturn, it moves
considerably swifter than either of those planets;
and therefore cannot be carried round by the same
bed of fluid matter, which is supposed to carry
round these planets.

It has likewise been demonstrated by Newton,
and others, that let the nature of these vortices be
what it may, yet the circulations of the planets, in
such a fluid, would never agree with the known
laws of their motion, established by all the later
astronomers, from repeated observations. - But,
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admitting for a moment that this system of whirl-
pools was compatible with the phenomena of na-
ture, and the laws of mechanics, yet their cause
would be but little better ; for no such whirlpools
have ever yet been shown to exist. Itis not suf- -
ficient that an hypothesis accounts for the pheeno-

mena ; but it must be shown that it is founded in

fact, and sanctioned both by reason and experl-

ence.

To sum up the whole, it is easy to perceive
what must happen to several fluids circulating in
contrary directions, and in opposition to each
other. They would necessarily be confounded to-
_ gether; and instead of maintaining an order and

- harmony in nature, would form a chaos, and in--
troduce eternal anarchy and confusion. This alone
would at once have exposed the Cartesian system
to the utmost ridicule, if a love of novelty, and an
habitual disuse of free and impartial enquiry, had
not universally prevailed in the ‘world, and made
way for its introduction. '

This doctrine has been often altered, and
mended, since it was first-proposed by its author;
and, for near a hundred years after, many ingeni-
ous men were making their utmost efforts to patch
it up and support its credit. But the foundation
is too faulty; and the whole superstructure so
erroneous, that it were much better to abandon
the fabric, and suffer the ruins to remain a memo-
rial to. posterity, of the folly of phxlosophlcal pride
and presumption.

It was upen the principles of the Cartesian phi-
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losophy, that Spinoza founded his system of athe-
ism, and thence attempted to defend all the absur-
dities which naturally attend such a doctrine. And
though many of the followers of Des Cartes have
endeavoured to show that his system is not favour-
able to such notions, yet it must be owned that
they have but ill succeeded. For if a void be im-
possible, and matter be infinite, it will evidently
follow that matter must be necessary. But if
matter be necessary, it must exist of itself, by an
absolute necessity inherent in its nature, and ante-
* cedent to all things. Matter would therefore be
God, and he who maintains these principles, ought,
if he reasons consequently, to admit of no other
conclusion. _ '

Leibnitz, the great and illustrious opponent of
Newton and Clarke, draws, it is true, very dif-
ferent conclusions from this doctrive. From
representing the universe as a machine that would
proceed for ever, by the laws of mechanism, in the
most regular manner, and by an abselute and in-
violable necessity, he concludes it to be a perfect
-work, or the best that could possibly have been
made; and contends, that the eontrary opinion is
.derogatory to the wisdom and power of the Supreme
Being.

The origin of evil, which has perplexed and em-
barrassed the philosophers of all ages, be also as-
serts to be perfectly reconcileable upon this system.
Like Plato and Chrysippus of old, be maintaias
that it never could have been ‘the aim, or first in-
tention of the Author of Nature, and parent of all
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good, to make men obnoxious to. diseases, and

other evils; yet, whilst he was producing many

excellent things, and forming his work in the best
manner possible, other things also arose, connect-
ed with them, which were incommodious, and not

~made for their own sake, but permitted as neces-
sary consequences of what was best.

The perfection of the universe was, indeed, this
learned author’s darling theme. Butafter all that
he has said upon the subject, though it may per-
haps perplex' his readers, yet it can never satisfy
them. For is it not much more desirable that the
Author of the world should be constantly acting in
it, and cherishing it by his presence, than that, after
baving finished his work, he should totally abandon

_it, and think it no further worthy of his notice or
inspection ?.

It was fit that there should be, in general, a re-
gularity and constancy in the course of nature, not
only on account of its greater beauty, but also for
the sake of intelligent agents, who, without this,
could have had no foresight, or occasion for choice
and wisdom in judging of things by their conse-
quences; and, therefore, no proper exercise for their
reasonable faculties.

-But though the course of nature was to be re-
gular, it was not necessary that it should be go-
verned by those principles which arise from the
various motions and modifications of inactive mat-
ter, or by mere mechanical laws only; since it
would then have been incomparably inferior to
what it now is, both in beauty and perfection, and
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consequently far less worthy of its ineffable Con-
triver,

——¢ Whose mighty hand,

For ever busy, wheels the silent spheres ;

Works in the secret deep ; shoots, streaming thence,
The fair profusion that o’erspreads the spring ;
Flings from the sun direct the flaming day;
Feeds every creature ; hurls the tempest forth ;
And, as on earth this grateful change revolves,

With transport touches all the springs of life.
TroMsoN.



LETTER VL
OF THE DISCOVERIES OF KEPLER AND GALILEO.

DistiNGUISHED above other creatures, by the
faculty of reason, and the superiority of his nature,
man is still the slave of prejudice and opinion,
prone to error, and subject to continual delusion.
Truth and science advance by slow degtees; one:
age destroys the labours of another, whilst conjec-
ture and hypothesis supply the place of argument
and demonstration. Nature performs her opera-
tions constantly before our eyes, and has furnished
us with the means of tracing their causes and con-
nections ; but the mind, debased by indolence, or
bewildered by superstition, regards these astonish-
ing scenes with indifference, and considers all at-
tempts to investigate their causes, as the effects of
a presumptuous and daring impiety.

- From the time of Pythagoras to the sixteenth
century, when the true system of the world was.
again revived by Copernicus, the vulgar opinion
of the motion of the heavens, and the immobility
of the earth, was generally received ; and time,
instead of discovering its fallacy, served only to
strengthen and confirm it. To the authority of
men of acknowledged reputation for their learning
and talents, the example of ages was added ; and
thus error was transmitted from one generation to
another, with additional prevalence. Plato and
Aristotle were referred to as the arbiters of every
dispute, from whose autheyity there was no appeal ;
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and when reason and argument failed, the aid of
religion was called in to their support.

To dissent from the opinions of Aristotle, or
those which his ignorant interpreters had given him,
was looked upon as a heresy that called for the
loudest anathemas of the church. And so vene-
rable and sacred were those doctrines held, that
whoever presumed to controvert them, was consi-
dered as’ an impious innovator, that attempted to
remove the land-marks both of faith and reason.
To his opinions, in all religious controversies, both
parties appealed ; from these the Papist support-
ed all his absurdities, and the Protestant drew ar-
guments for their refutation.

Error being thus established by time, supersti-

.tion and prejudice, the face of nature was covered
with a veil of awful obscurity, and the progress of
useful knowledge effectually prevented. The highest
ambition of some of the most eminent men of the
age, was to prove the truth of that by sophistical
arguments, which reason and science affirmed to
be false. But such fantastical opinions could not
always prevail; time will constantly be found to
produce some lovers of truth, who will penetrate
through clouds of error to attain it. After a long
night of the most profound darkness, Copernicus
again revived the true system of Pythagoras and
hisfollowers, and showed it to be the enly one which
is agreeable to reason and observation.

~ But the greatest champion of useful learning that
had hitherto appeared in the world, was Sir Francis
Bacon, Lord Verulam, who by his superior know- .
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ledge and eminent abilities, overthrew the establish-
ment of ignerance and error, and convinced the
infatuated world, that opinions supported by the
authority ‘of Aristotle and antiquity, were not in-
fallible. By clear ineontrovertible arguments,
supported by reason and science, he refuted their
errors, and showed that the only method of obtain-
ing a true knowledge in philosophy was by ebser-
vation and mechanical experiments.  *

It was now that men began to discern truth from
falsehood, and, disregarding hypothesis and conjec-
ture, to investigate the works of nature from their
effects and appearances. Matter and motion were
observed to constitute the principal phznomena of
the visible world ; and as the properties and affec-
tions of these are the subject of mechanics, that
science grew into esteem, and was assiduously cul-
tivated by the most eminent mathematicians in
Eurape.

By applying mathematical reasoming to mecha-
nical experiments, Sir [saac Newton established
the truth of the ancient Pythagorean system; and
upon this foundation raised the superstructure of
“that philosophy, which, whilst all other systems
sink into ruins, and little more than their inventors
names are remembered, will remain for ever firm

.and unshaken: for being once demonstrated to be
true, it must eternally remain so, as nothing can
alter it but the utter subversion of the laws of na-
ture, and the constitution of things.

The method of admitting nothing into philoso-
phy, unconfirmed by experiment or demonstration,
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required too great a perseverance for the flighty
imagination of those, who, contenting themselves
with the semblance of truth, expatiated in the wilds
of fiction. For a work of this kind, the genius and
industry of a Newton was alone sufficient, who
chose rather to acquire a little true knowledge of
nature from practical investigation, than to aim at
a general comprehension of all her operations, upon
the weak foundation of probability and conjecture.
But in order that the genius of this extraordi-
nary man may appear in its true light, it will be
necessary to give you some account of the labours
of those, who, since the time of Copernicus, had
been preparing the way, and laying the foundation
for his discoveries and pursuits; which informa-
tion is the more necessary, as many persons, who
have but a slight acquaintance with the progress
of astronomical learning, are apt to entertain very
erroneous opinions upon the subject. As the la-
bours of many are attributed to one Hercules, so,
by a like exaggeration, Sir Isaac Newton is said to
be the author of all the discoveries and improve-
ments which have ever been made in this science.
But as his merit is too great to stand in need of
such extravagant additions, it will be proper to
'divest hiwn of this false glory, by ascribing to him
that only to which he has an undoubted claim. .
The first founder of modern astronomy was
Kepler; and if it be the privilege of genius to
change received ideas, and to announce truths
which had never before been discovered, he may
justly be considered as one of the greatest men
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that had yet appeared in the world. Hipparchus,
Ptolemy, Tycho Brahe, and even Copernicus him-
self, were indebted for a great part of their know-
ledge to the Egyptians, Chaldeans, and Indians,
who were their masters in this science : but Kepler,
by his own talents and industry, has made dis-
coveries, of which no traces are to be found in all -
the annals of antiquity. A
This philosopher was born at Wiel, in the pro-
" vince of Wirtemberg in Germany, on the 27th of
December, 1571, and was one of the most zealous
partizans of the Copernican system that had hi-
therto appeared. In 1596 he published a large
work upon the proportions and dimensions of the
orbits of the planets, which coming into the hands
of Tycho Brahe, he advised him to apply himself
to observation, before he attempted to discover the
laws of nature ; and assured him, if he would do
this, he would find more truth in his hypothesis
than in that of Copernicus. He perceived the
'génius of Kepler, and wished for nothing more
- earnestly than to have him for his disciple. -
I shall not enter into a detail of the reasons which
‘are given by Kepler for arranging the planets ac-
cording to the order of the five regular bodies, nor
of the mysterious harmony which he finds between
celestial and sublunary things. He was a man of
a warm imagination, which led him into many ab-
surdities ; and it was the folly of that age, to mix
sacred things with those which have no connection
with them. He tells us in his Mysterium Cosmo-
~ graphicum, that he looked upon three grand things
G
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as deserving his particular attention; the firma-
ment of the fixed stars, thé syn, and the enormous
interval which separates them ; these appeared to
him to bea symbolical representation-of the Trinity;
and the spherical figure of the universe, which
comprehends the whole, he considered as an image
of the Supreme Being, whose immensity envelops
_all things. Plato called God the eternal geome-
ter ; and Kepler, worthy to be the successor of so
great a master, believed that certain properties of
numbers and geometrical figures had g hidden ana-
logy to. all the operations of nature.

" Besides entertaining a number of chimerical ideas
of this kind, he had also a secret attachment to
astrology ; and in his treatise entitled De Stelld
Novd, has offered a very singular defence of this
fallacious doctrine. He asserts, that all the great .
events aod revolutions of the world have an intimate
connection with the conjunctions of the planets,
and accounts for their influence by comparing it
with the action of objects upon our senses. “The
stars,”” he observes,” “act upon terrestrial things
in the same manner as light acts upon the eye,
~ sound upon the ear, or heat and cold upon the
sense of feeling.” From this explication, which
has nothing to recommend it but its novelty, it is
easy to perceive upon what foundation the dreams
of astrologers are suppofted.

But from these absurd leverles, which were
mostly the follies of his youth, be soon passed to
objects more worthy of his attention. His first
works were only the amusements_ of his leisure



LET.VI.] KEPLER AND GALILEO. 83

‘hours; but in contemplating his powers, he found
" bimself destined for much greater things. He was
led, by an invincible impulse, to the study of phi-
losophy ; and no operation of nature ever attracted
his notice, but he was immediately desirous of
searching into its cause, and attempting its expli-
cation. His observations upon the nature of re-
fraction, parallax, and many other subjects of equal
importance, are sufficient proofs of his penetration
and judgment ; and from his uniting the science
of optics with that of astronomy, we may form an
estimate of his genius and abilities.

In the true system of the world, as restored by
Copernicus, the astronomer, having no longer a
stationary situation upon our globe, is obliged to
transport himself to the centre of the sun, and to
observe the celestial motions from a point which is
only accessible by the imagination. It was from
this point that Kepler contemplated the spectacle
of the heavens, and saw the fallacy of a doctrine,
which all the astronomers before his time had con-
sidered as infallible. 'The apparent simplicity of
nature in all her operations, had seduced them to
imagine, that a circular and uniform motion of the
heavenly bodies was a necessary consequence_of
" this law. = But this opinion, however reasonable it
might seem to others, appeared to him as an idle
conjecture; and from the observations of Tycho,
and his own industry, he soon proved it to be erro-
neous and ill-fouonded. 7

That the orbits of the planets were not circular,
might, indeed, have been easily conjectured from

G 2
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many circumstances. Their conjunctions, oppo-
sitions, and other mutual situations, not returning
again in the same time; and their distances from
the sun appearing to be greater or less in different
parts of their orbits, were sufficient indications of
the fallacy of this doctrine. But so firmly were
astronomers persuaded that their motions must be
circular, that they attributed these irregularities to
certain optical delusions, and invented cycles and
epicycles without number, to account for every ap-
pearance.

Kepler was the first who perceived, that all mo-
tion is naturally performed in a straight line; and
that when a body moves in a circle,” or any eother
regular curve, it must be acted upon by two forces,
one of which sets it in motion, and another that op-
poses this motion, and changes its direction. From
these principles, and a number of calculations
equally difficule and laborious, he proved, that the
planets must revolve in elliptical orbits, the sun
being placed in one of the foci; and that their ve-
locities are such, thata line drawn from the sun to
a planet, and supposed to move with it, will de-
scribe equal areas in equal times.

In order to illustrate this by a figure, (Pl 111.
fig. 1.) let ApBc be an ellipsis, whose transverse or
longest diameter is A B, and its conjugate or shortest
diameter cp ; then the two foci F, f, are points so
situated, that if right lines be drawn from them to
any point G in the curve, the sum of those lines
will always be equal to the transverse diameter A B.
And if the sun be placed in the focus F, and a
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planet be supposed to revolve round him in the
curve BCAD, it will move in such a manner, that.a
line drawn from it to the sun, will describe equal
areas in equal times. That is, if theline FG, drawn
from the sun F to the planet 6, describes the area
or space BFG in a month, it will describe an area
G6F g equally large the next month; and so on
through its whole revolution.

The distance between the centre of the ellipse o,
and one of its foci F, is called its eccentricity ; and
the two extreme points A and B of the transverse
diameter, are called the apsides. If the focus about
which the equal areas are described, be at F, the
point A, nearest that focus, is called the lower
apsis, the point B the upper apsis, and the diame-
ter AB the line of the apsides. When a planet, in
revolving round the sun, is at its nearest distance
from him, as at 4, it is said to be inits perihelion;
and when at its furthest distance, or at s, it is said
to be in its aphelion, the mean distance being ¥c.
In like manner, when the earth is in its perihelion,
the sun is said to be in its perigee ; and when the
earth is in its aphelion, the sun is said to be in its
apogee. '

But let us leave the further explanation of these
terms for the present, and return again to Kepler.
This excellent astronemer, having firmly establish-
ed the law before-mentioned, precceded to the con-
sideration of another, of no less importance. He
had happily conceived, that there might probably
be some proportion between the times of therevo- .
lution of the planets, and their distances from the
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sun; and by prosecuting the enquiry, which this
idea suggested, his success was equal to his most
sanguine expectations. By calculations founded
-on a series of the most accurate observations, he
discovered, that the squares of the times in whieh
any two planets complete their revolutions in their .
orbits, are proportional to the cubes of their meap
distances from the sun. .
To illustrate this rule by an example : Venus,
for instance, vevolves round the sun in 224 days,
snd the earth in 365 ; and the mean distance of
the earth from the sun is ninety-three millions of
miles. Hence, according to Kepler, as the square
of 365 is to the square of 224, sa is the cube of
ninety-three millions of miles, to a fourth number,
which is the cube of Venus’s mean distance from
the sun; and if the cube root of this number be
found, it will give about sixty-eight millions of miles
for her real mean distance; so that, by this rule,
if the times of the periodical revolutions of the
planets be known, and the mean distance of any .
one of them from the sun, the mean distances of all
the rest may be determined by a simple propor-
tion. Which rule is not only "applicable to the
planets, but is also equdlly true with respect to
their satellites or attendants ; the moons of Jupiter
and Saturn being found to follow the same law in
revolving round their primaries, which is observed
by those primaries in revolving round the sun. (€)

(e) Fora full aceount of the discoveries of Kepler, the
reader is referred to a very ingenious work, lately published
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_ These are the discoveries by which Kepler en-

riched the science, and obtained an immortality of
renown : but it must be observed, that he who had
subjected the planetary motions to invariable laws,
was unable, with all his penetration, to find out
the reason of them. Nature had shown him some
of her most secret operations, but a more complete
knowledge of them was reserved for Newton.
Among a number of ingenious guesses which he
has made upon this subject, some are as novel as
they are singular. He considers the stars and
planets as the inhabitants of ether, which live and
move in that element like butterflies in the air; or
as plants and animals which spring from the bosom
of the earth, to embellish it by their existence, and
afterwards render back, by death, the fecundity
that nourished them.

That such extravagant dreams should be found
on the side of such sublime truths, is, as a certain
writer observes, a matter not to be wondered at; a
. manmay bea great genius withregard tocalculations
and experiments, and yet make a wrong use of his
reason in other respects. There are minds which
stand in need of geometry to support them, and
fall when they endeavour to proceed of themselves.
It must be remembered, however, to the honour
of Kepler, that his errors were such as usually at-
terid a quick and vigorous conception; and that

by Dr. Small, on this subject, where he will find a variety of -
useful information, beyond what is to be met with in any of
our modern treatises on Astronomy.
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some of his conjectures were as grand and philoso-
phical, as others were whimsical and absurd.

His hypothesis for ascertaining the different den-
sities of the sun and planets, according to their
distances from the centre of motion, is an instance
* of his penetration and judgment which deserves to
be mentioned. He conceived that the heaviest
bodies in our system, must be those which are
placed nearest the sun; and as he was always de-
sirous of rendering his ideas as familiar as possi-
ble, he illustrates them, in this instance, by the fol-
lowing example. The density of Saturn may be comn-
pared to that of a diamond ; Jupiter to a loadstone ;
Mars toiron; the Earth to silver ; Venus to lead ;
Mercury to quicksilver ; and the Sun to gold, which
is the heaviest of all substances yet known, except
platinum. Where it is tobe observed, that excepting
the density of the sun, this rule differs but little
ffom the truth ; and though it was founded upon
false reasoning, it was nevertheless a happy con-
jecture. The time was not yet come for philoso-
phers to weigh the celestial bodies, and to estimate
with exactness their different densities.

This great man, whose whole life was so glo-
riously employed in cultivating and improving the
sciences, had his last days embittered by all the
horrors of poverty and distress. A small pension,
which was scarcely sufficient for his subsistence,
was frequently withheld or unpaid; and the trouble
and vexation this occasioned him was so great, that
it obscured his genius, and finally put a period to
his existence. He died on the 15th of November

~
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1681, in the fifty-ninth year of his age, leaving no-
“thing for his wife and children, but the glory of his
name, and the fame which he had so justly ac-
quired : but as these were insufficient to relieve his
own wants, they could afford but little comfort to
a helpless widow and her wretched offspring, whose
indigence is said to have been such, that they had
not even the common necessaries of life.

Whilst Kepler, in Germany, was tracing the or-
bits of the planets, and settling the laws of their
motions, Galileo, in Italy, was meditating upon
the doctrine of motion in general, and investigat-
ing its principles. This philosopher was born at
Pisa, in the year 1564, and began his improve-
ments in mechanics, by banishing from the science ,
those ridiculous distinctions which had been made
by Aristotle and his followers, between light and
heavy bodies, motions natural and violent, rectili-
near and circular. He showed, both by demon-
stration and experiment, that, in a space void of
air, all bodies whatever, fall through equal heights
in equal times; and that a body impelled by two

- forces, acting in the direction of the sides of a pa-
rallelogram, will follow the direction of neither, but
proceed in the diagonal, and describe it in the same
time, as by the action of one of the forces alone it
would have described one of the sides.

These principles he also found to be equally ap-

"plicable to the motion of all kinds of projectiles.
A ball or shell being thrown from the mouth of a
cannon, is under the influence of two forces, which,
by their joint action, regulate its motion, and de-
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termine its direction : one of these forces is that of
the powder, by which it endeavours to move con-
tinually forward in a straight line ; the other is that
of its gravity or weight, which inclines it to descend,
and fall towards the ground; and from the com-
position of these two forces, Galileo demonstrated
that the curve described by the ball would be that
of a parabola. Tartalia had 'before remarked,
without assigning any good reason for his assertion,
that a-ball would be thrown to the greatest dis- -
tance, when the piece made an angle of forty-five
degrees with the horizon; this rule was not only
confirmed by Galileo, but extended still further,
by his proving that at all angles equally above and
below forty-five degrees, the range would be the
same. .

The next subject, which engaged his attention,
was the phasnomenon of.falling bodies, and the law
of their acceleration. Every attentive mind must
bave observed that a stone, or any other heavy
body, in falling from a certain height, acquires a
greater velocity the nearer it approaches the earth;
but before the time of Galileo, no philosopher had
" been able to ascertain the exact proportion of its
celerity, in the different instants of its descent. He
was the first who determined that the velocities in
this case, are always proportional to the times ; and
the spaces passed through to the squares of those
times: thatis, in a double time, the body will have
acquired a double velocity ; in a triple time, a triple
velocity, &c; and that, in a double time, the body will
" have passed through a space four times as great as
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in'a single time ; in a triple time, through a space
nine times as great; and so on.
Galileo considered nature as the sole agent of
the Supreme Being; and that sagacious observance
oof her operations, which first led him to this useful
discovery, was the means of conducting him to an-
other of equal importance. Being with some com-
pany in a room, where a lamp was suspended from
the roof of the building, this object, which was un-
noticed by the rest of the spectators, afforded him
a subject of the most profound meditation. He
observed that all the vibrations of the lamp, whe-
ther great or small, appeared to be performed in
the same sensible time; and from this circum-
stance, simple as it may seem, he is said to have
discovered the isochronism of the pendulum ; and
that a long pendulum moves slower than a short
one, according to a certain invariable proportion :
by which means he obtained a new instrument for
measuring short intervals of time with greater
exactness than could be done by clocks, or any-
other method then in use.
- About the time of these discoveries, which were
afterwards so fruitful in the hands of Huygens and
others, we may place the invention of the teles-
cope ; an instrument so singular in its nature, that
before its actual eonstruction, the mind could not
have conceived such a contrivance, or imagined it
to be possible. A lucky incident is said to have
effected, what philosophy might have sought for in
vain: the children of one Zachariah Jansen, a spec-
-tacle-maker of Middleburgh in Holland, being at
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play in their father’s shop, happened, by chance,
to place a convex and a concave glass in such a
manner, that in looking through them at the wea-
ther-cock of the church, it appeared to be nearer,
and much larger than usual. The. surprise they
_expressed at this circumstance, exciting their fa-
ther’s curiosity, he examined the same object him-
self, and finding what the children said to be true,
improved the hint, by fixing the glasses upon a
board, that they might be always ready for obser-
vation, :
A discovery attended with so many obvious ad-
vantages, could not long be kept a secret ; the news
was soon conveyed to all the learned throughout
Europe. Galileo was at Venice when he first
heard of the invention ; and being only informed,
that by the combination of two glasses, the appa-
rent magnitude of objects might be considerably
augmented, he soon discovered the whole secret.
Instead of the board employed by Jansen, he made:
use of a tube, and, at his first essay, produced an
instrument which made the diameter of objects ap-
pear three times greater than to the naked eye. At
his next trial he magpified the diameter of an ob-
Jject about eight times, and soon after this thirty
times; which is nearly the greatest perfection, that
this kind of telescope is capable of.

Thus was Galileo, and, by his means, mankind
in general, put in possession of two new organs of
power and perception; one, for measuring small,
and almost imperceptible portions of time, with
ease and exactness; and the other, for subjecting
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those things to our observation, which by their
smallness or distance would otherwise have escaped
the senses. M. Montucla, who has examined the
subject with impartiality and judgment, has given
the invention of the telescope to Jansen; and, from
the strength of the evidence, it appears highly pro-
bable that he was the first who saw the effects that
such an instrument would produce. But if he be
" the real author of an invention, who, from a know-
ledge of the cause upon which it depends, deduces
it from one principle to another, till he arrives at
the end proposed, the whole merit of the discovery
is due to Galileo; the telescope in the hands of
Jansen, was a rude instrument of mere curiosity,
pointed out to him by chance ; but Galileo was the
first who constructed it upon principles of science,
and showed the practical uses to which it might be
applied. ‘

The discoveries he made, by means of this in-
strument, were as new as they were surprising.
The face of the moon appeared full of cavities and
asperities, resembling vallies and mountains: the
sun, which had generally been considered as a globe
of pure fire, was observed to be obscured by a
variety of dark spots, which appeared upon diffe-
rent parts of its surface; a great number of new
stars were discovered in every part of the heavens ;
the planet Jupiter was found to be attended with
four moons, that moved round him in the same
manner as our moon moves round the earth; the
phases of Venus appeared like the monthly phases
of the moon ; and, in short, every observation he
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made, furnished him with a new proof in favour of
the Copernican system, and served to show that
there is not so great a difference between celestial
and sublunary nature, as the philosophers of anti-
quity had vainly imagined.

Galileo was now in the seventieth year of his
age, and but for the persecution of those who ought
to have cherished and revered him, his life might
have been as happy to himself as it was beneficial
to mankind. But in the midst of his researches
and discoveries, which he prosecuted with the
greatest assiduity, he was suinmoned before the
tribunal of the inquisition, as a man of the most
obnoxious and dangerous principles; and on the
22d of June, 1663, the following arret was pro-
nounced against him, by seven cardinals, who were
appointed his judges. And as it is a curious speci-
- .men of catholic infallibility ; I shall give it you as
it stands in the work from which it was extracted.

¢ Soutenir qui le soleil immobile et sans mouve-
ment local, occupe le centre du monde; est une
proposition absurde, fausse en philosophie, et héré-
tique, puisqu’elle est contraire au temoignage de
Pécriture. Il est également absurde et faux en
philosophie de dire que la terre n’est point immo-
bile au centre du monde ; et cette proposition, con-
sidérée théologiquement, est au meins erronnée
" dans la foi.”  After this, the following abjuration-
was dictated to him, which he was obliged tosign :
“ Moi Galilée, 2 la soixante-dixieme année de mon
dge, constitué personnellement en justice, etant a
genoux, et ayant devant les yeux les saints évan-
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giles, qui je touche de mes propres mains, d'un-
ceeur et d’une foi sincere, j’abjure, je maudis et je
déteste les absurdités, erreurs, hérésies, &c.”

For a venerable old man, who had enlightened
Europe by his discoveries, to be seen upon his
kpoees before an assembly of haughty, ignorant
" bigots, renouncing, by their compulsion, those
truths which nature and his own conscience affirmed
ta be ineontrovertible, was a spectacle that cannot
be thought of without indignation and abhorrence. -
Cardinal Bellarmin, one of his judges, had befare
threatened him with the vengeance of the church,
if he should presume to progagate his heretical
apinions any longer, either by discourse or writing ;
and as Galileo had nat paid an implicit obedience
to this mandate, he was now proceeded against as
a despiser of civil as well as sacred authority, and
was accordingly sentenced to be confined in the
_prison of the inquisition, during the pleasure of the
inquisitors.

This sentence, however, was afterwards changed
into tire milder one of being confined in the small
village of Acetri in Tuscany during his life. Here
he pursued his studies with as much avidity as ever,
and made several new discoveries and improve-
ments in his favourite science; but soon after this,
whilst he was engaged in his observations upon the
liberation of the moon, he was suddenly deprived
of his sight, and the heavens being now shut upon
him, the book of nature was no longer subject to
his inspection. His age advancing, and his infir-
mities increasing, the grave at length received him
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from his persecutors ; he was buried in the tomb
of his ancestors; his disciples, who loved him in
his life, honoured him in death; and his nane was
transmitted to posterity with the fame he had so
Jjustly acquired.

'The celebrated geometer Viviani, who had been
one of his most favourite pupils, showed a zeal for
the glory of this great man, that is without an ex--
ample; the most tender and dutiful child could
not have a greater affection for his parent than he
had for his illustrious master. He considered it
as the pride of his life that he had been one of his
last disciples; and when Louis x1vth gave him

" a pension, and appointed him one of the foreign
associates of the Academy of Sciences at Paris, he
built a house at Florence, and, after paying a tri-
bute of gratitude to the French monarch, erected
a magnificent monument to his beloved master -

- Galileo.
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LETTER VIL
OF THE NEWTONIAN SYSTEM, AND DISCOVERIES.

In all ages of the world, mankind in general have
been nearly the same : the powers of the mind are
various ; but there are certain prescribed bounds
which itis the lot of but few to pass. The multitude
were certainly designed for manual labour and in-
dustry, and their minds are, by custom, made con-
formable to their employments. Intent upon the
common concerns and business of life, they have
but little leisure; and less inclination, for mental
improvement. This is the wise designation of Pro-
vidence. The earth must be cultivated to support
its inhabitants ; a general refinement would be as
prejudicial as a general barbarity. _
‘Humanity, however, has bigher privileges.” Arts
and sciences, legislation and morals, are absolutely
necessary to the due regulation and order of civil’
society. And that a knowledge of them may be
properly distributed, the Author of Nature has, at
different times, raised up some great and illus:
trious genius to enlighten and instruct us. Inre-’
ligion, our most momentous concern, he has con-
descended to give us a divine guide; and in every
art and science, we have had preceptors of emi-
nence proportionate to the importance of the sub-
ject.—Every thing bears the marks of omniscience :
wherever we turn our eyes, we perceive a presiding
intelligence, that informs and regulates the whole.
To enumerate the most shining characters of the
H
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kind here mentioned, and to show the discriminat-
ing excellence and wutility of the several pursuits in
which they were engaged, would be a matter of
much difficulty, and foreign to our parpose. The
subject upon which we are, at present, to employ
our attention, is physical astronomy; and we are
now to consider the genius and doctrines of a man,
wha, in his philosophical character, appears to
have been endowed with superior faculties, in order
to dissipate the accumulated mists of ignorance
and error, and to lead us to a knowledge of those
‘truths, which the wisdom of ages had been unable
te discover.
The person to whom we owe these obligations,
is the illustrious Newton, who was born at Wol-
strop in Lincolnshire, on Christmas-day 1642. His
father was the reduced descendant of a noble
family ; but the genius of his son eclipsed all the
splendor of hereditary titles and honours. Of his
Jjuvenile studies we have but little knowledge, none
of his first attempts, or essays, baving ever appear-
ed. He seems to have been an inventor rather.
than a student ; and to have entered at once ito
the depths of science, without attending to the
usual gradations. It was on this account that Fon-
tenelle applied to him the following idea of the an-
cieats, concerning the unknown source of the ma-
" jestical river that fertiles Egypt: Il n’a pas été
- permis aux hommes de voir le Nil foible et nais-
sant.
Every science upoa which this great man em-

ployed his atteation, received a new form from his
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hands, and was carried to a degree of perfection
unlooked for by the ancients. In the course of a
few years he had destroyed the works of ages, and
erected an edifice of his own, which will be as
durable as the fabric of nature itself. Algebra,
geometry, mechanics, optics, chronology, philoso-
phy end astronomy, began now to assume an un-
usuel splendor and dignity ; and by his improve-
ments and discoveries, were rendered prodigiously
more extensive and important. The method of
Fluxions, in particular, was entirely bis own in-
vention; which alone was sufficient to have ren-
dered his name immortal. The exquisite subtilty
of this doctrine is such, that the powers of the bu-
man mind seem inadequate to a higher pursuit.
Any thing beyond it, must_be the science of pure
intelligence. '
From a genius like this, what had we not to ex-

pect? His account of the universe, and the laws
by which it is regulated, is founded upon the most
indubitable principles of reason, science, and ob-
servation. We are no longer compelled to wander
through the intricate mazes of hypothesis and con-
jecture. Nature appears again in all her primitive
simplicity. Newton has dissolved the chaos, and
separated the light from the darkness. His inimit-
able work, The Mathematical Principles of Natu-
rel Philosophy, contains the true astronomical
faith, which may be strengthened and improved by
farther enquiries, but can never be shaken or de-
stroyed.

" To give a perspicuous and methodical account

‘ H 2 ~
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of his various investigations and discoveries, would
be a work of great difficulty, and what, from the in-
competency of your present acquirements, could
afford you but little instruction. Confining ‘my-
~ self, therefore, to those which are the most fami- -
liar and interesting, I shall begin with his specula-
tions upon gravity and attraction, and relate from
the authority of his commentator and friend, Dr.
Pemberton, the simple incident which is said to
have given birth to them. '

About the year 1666, or the twenty-fourth year
of his age, he retired from Cambridge into the
country, in order to avoid the plague, which, at
that time, raged with great violence; and sitting
one day in an orchard, an apple, by chance, falling
fromoneof the trees, caused him to enter intoa num-
ber of reflections. The pheenomena of falling bodies
particularly engaged his attention; and pursuing
the ideas which presented themselves to his mind,
he carried his researches from the earth to the
heavens, and began to investigate the nature of
motion in general. Because there is motion, he
observed, there must be a force which produces
it; but what is this force? That a body, when
left to itself, will fall to the ground, is known to the
most illiterate; but if you ask them the reason of
its doing so, they will consider you either a fool or
a madman: the circumstance is too common to
excite their surprise, although philosophers are so
much embarrassed with it, that they find it almost
mexphcable

Let us follow Newton, and examine this ques-
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tion a little farther. Does the cause of weight or
gravity exist in the bodies themselves, or out of
them? It seems natural to conclude, that the
propensity which all suspended bodies have of fall-
ing to the earth, exists in the bodies themselves.
When I take a stone, and let it drop from my
hand, it fallsimmediately to the ground ; and would
fall still farther, if there were a hole in the eartb,
and nothing prevented its passage. And the same
thing happens to all other bodies, with which we are
acquainted : there is no material substance, either
great or small, but what will fall towards the earth
~ the moment it is disengaged, and free from all out-
ward impediments. :

In like manner it may be observed, that whena
stone or any other body is placed upon a table, it
presses the table with the same force, by which it
would, if left to itself, fall to the ground. And
when a body is suspended at the end of a string,
the force that pushes it downwards stretches the
string, and if it is not sufficiently strong, will break
it. From which circumstances it plainly appears,
that all bodies press with a certain force against the
obstacles which support and hinder them from
falling ; and that the degree of force, in either case,
is precisely the same with that, which in a free
space would bring them to the ground.

‘The cause of this propensity in all bodies to fall
to the earth, be it what it may, is called gravita-
tion or attraction; and when a substance is said
to be heavy, nothing more is meant than the ten-
dency it has to fall to the ground; or the force by
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which it presses upon any other body that supports
it.: The weight and gravity of a body may, there-
fore, be taken for the same thing ; as both the one
and the other expresses the force by which the body
is impelled towards the earth, whether this force
exists in the body itself, or out of it.

With this property of bodies, obvious as it is,
the ancients were very imperfectly acquainted.
They believed that there were substances, such as
vapours and smoke, that by their nature werelight,

- and would for that reason ascend This notion,
however, as well as that of absolute levity in gene-
ral, is now known to be a mistake, and without the
least foundation : for in an exhausted receiver, or
a space void of air, all bodies whatever, smoke or
a stone, a piece of gold or a feather, fall from the
top to the bottom in the same time. The distinc-
tion, therefore, between light and heavy bodies, is
merely relative, as they are of the same nature; and”
have all a like propensity to fall to the earth.

Neither can there be the least doubt but that
gravity is a sort of force: for whatever is capable
of putting a body in motion is properly so called.
But in all forces, there are two things to be consi-
dered ; the direction in which they act, and their
intensity, or power. With respect to the direction
of gravity, we are sufficiently assured, both by rea-
son and experience, that a body, in falling, moves
towards a point which is in, or near, the centre of
the earth; or, rather, in a straight line that is per-
pendicular to its surface. The intensity, or power
of gravity, is also proportional to the weight of the



LET.VIL.] AND DISCOVERIES. 103

body under consideration; those which are the
heaviest, or that weigh the most, being always ob-
served to descend with the greatest force; and
those that weigh the least, with the least force : sa
that the weight of every body may always be con-
sidered as the just measure of its gravity, qr the
. force by which it is made to fall towards the earth.
It may be asked, if the same body, being com-
veyed to different places upon the earth’s surface,
will always have the same weight? Those who
have superficially considered the subject, will ces-
tainly imagine this to be the case ; but by number-
less expenmems, the truth of which cannot be
doubted, it is easy to prove the contrary. -The
weight of a body under the Equator is less than at
either of the Poles; and in every other situation,
it varies in & certain proportion to the latitude of
the place; which is occasioned by the oblate sphe-
roidical figure of the earth, as will be noticed in a
future letter. . This difference, however, is net to
be discovered by means of a balance, or the scales
which are usually employed upon these occasions ;
because the weight, against which the body is op-
posed, is subject to the same variation. The me-
thod by which it has been determined, is by ob-
servations made on the vibrations of pendulums of
~ equal lengths, which are found to move swifter at
London or Pasis, than under the Equator.

These are but the first links in the chain of
Newton’s ideas : let us follow him a little farther.
—The earth is a globe, and gravity acts perpetually
in straight lines which are perpendicular to its sur-
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face. Suppose a hole could be bored through it,
and that a body was placed at the centre, what
would be its weight? Evidently nothing: it would

remain in the situation in which it was placed, un-

suspended and unsupported ; since in this situa-
tion, being equally acted upon on all sides by the
same attractive force, it can have no tendency to
move either way, and will therefore remain at rest,
and be without weight. For the same reason, if a
body was dropped into this orifice from the earth’s
surface, the velocity acquired, by the repeated im-
pulses of gravity during the time of its fall, would
carry it to the opposite extremity of the opening,
from which it would again return, and continue to
move backwards and forwards for ever, if the
medium had no resistance. '

Since, therefore, a body, when placed at the
centre of the earth has no weight, we should be led
to-conclude from analogy, that, in descending to-
wards the centre, its weight must be successively
diminished ; for it is not easy to conceive, that the
gravity of a heavy body can change immediately
from a certain fixed quantity to nothing. And this
doctrine, notwithstanding the impossibility of sub-
mitting it to the test of experiment, is not only
reasonable in itself, but it adwits of the most rigo-
rous demonstration. Newton, in his Principia, has
ascertained this gradual diminution of weight, and
calculated its precise proportion ; which, at all dis-
tances below the surface of the earth, he found to
be proportional to the distance from the centre.

That such a diminution of gravity, indeed, must
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of necessity take place, is evident, if we consider,
that when a body is placed below the surface of
the earth, it will be acted upon upwards by the
attractive power of the part above it, which will
therefore be opposed to the same power in the
parts below, and consequently the whole action
downwards will be the difference of those two
. forces; which, when the body is supposed to be
at the centre, will of course be nothing, being then
equally acted upon in both directions, and therefore
it will remain at rest, as was before stated.

If now we leave the internal recesses of the
earth, and extend our researches to the heavens;

we shall still find a diminution of gravity, but de- . .

creasing by a different law ; the cause of which is
not however so obvious as in the former instance.
Indeed all that can be said on this head is, that
that the fact has been ascertained from observa.
tion, but the cause of it is as little understood as
that of gravity itself. The truth or facts, how-
ever, is not weakened because their causes are
unknown; and Newton has shown in the most
‘satisfactory manner, that the gravity of bodies,
above the earth’s surface, continually diminishes
as the squares of their distances from the centre
increase : or, which is the same, that the torces are
as 4 to'1, when the distances from the centre are
as 1to 2; as 9 fo 1; when the distances are as 1 to
3; and so on.

From this account you will readily perceive, that
gravity is a certain.force which acts upon all bodies,
and gives them a tendency to fall towards the centre
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of the earth: and that this force, whatever it may
be, acts most strongly upon the earth’s sur-
face ; being subject, either in ascending or descend-
ing, to eontinual diminution. How then does it
appear, that gravity, or weight, is an inherent and
necessary property of body? It increases or di-
minishes perpetually, aceording to a certain propor-
tion of the distance from the centre; but what is
permanent and essential admits not of such diffe-
rent and various mutations. You see then that
weight is not so necessarily connected with matter,
as, from a slight consideration of the subject, you
would naturally imagine.

These were probably Newton’s first reflections
upon the nature of falling bodies. We shall now
see what use he made of them, in applying them to
the celestial motions. He soon perceived that the
force of gravity was not confined to the surface of
our globe, being found to act with the same energy
at the greatest heights to which we can ascend, and
therefore he conceived it might probably extend as
far as to the moon, and be the means of retaining
her in her orbit. The conjecture was happy; and,
by the following application of it, he was presently
enabled to prove its validity. Imagine the moon,
at the first moment of its creation, to have been
projected forwards, with a certain velocity, in a
straight-lined direction; then, as seon as it began
to move, gravity would act upon it, and impel it
towards the centre of the earth. But as a body
impelled by two forces will follow the direction of
neither, the moon, so circumstanced, would neither
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proceed directly forwards, nor fall directly down-
wards, but keep a middle course, and move round
the earth in a curvilinear orbit.

This idea will be more fully illustrated, by at-
tending to the motion of a shell, or any other pro-
jectile. A ball discharged from a piece of ord-
nance, in an horizontal direction, does not fall to
the ground till it has proceeded to a considerable
distance ; and if it be projected from the top of a
high mountain, it will fly still farther before it
comes to the earth. Increase the force, and the
distance will be augmented accordingly. And thus,
in imagination at least, we can suppose the ball to
be discharged with such a velocity, that it will never
come to the ground, but return again to the place
from which it set out; and so proceed on again,
and circulate continually round the earth, in the
manner of a little moon.

Newton did not stop here: he began to gene-
ralize the problem, and by means of his mathema-
tics, soon came to this important conclusion. A
. body which moves in a curve, round a fixed point;
by virtue of a force directed to that point,
describes equal areas in equal times. This is a
law of nature which had before been discovered by
Kepler from observation. The supposition, there-
fore, that the moon is under the influence of such
a force, is confirmed both by science and expe-
rience ; and every improvement which has since .
been made in the theory of her motion, has been
derived from these principles.

It was likewise discovered by Galileo, that, sup-
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posing gravity to act in parallel lines, a body pro-
jected through the air, with any force whatever,
would describe a curve which is called a parabola,
if the medium had no resistance. But Newton,
whose genius soared above petty distinctions, ex-
tended this problem, and made it more general. He
no longer considered the falling body as having a
limited distance, nor the force of gravityas actingin
parallel lines ; but regarding the centre of the earth
as the centre of attraction, and takinginto considera-
tion the lateral uniform velocity of the projectile,
he proved that it would move round the earth in an
elliptical orbit, having the centre of the earth for
one of its foci. So that the projectile, in this in-
stance, may be considered as a moun, moving round
the earth, or as one of the satellites of Jupiter or
Saturn, moving round those planets ; the circum-
stances, in either case, being exactly the same.

That the moon is actually under the influence of
gravity, and moves by meaps of that force, may be
shown as follows : it can readily be computed, that
the moon is deflected from the tangent of her or-
bit, at every point of the curve 1653; English feet
in a minute, or 60 seconds of time ; and, therefore,
if the moon was deprived of the impulse by which
she has a tendency to move in a right line from
west to east, and the central force only remained,
she would fall towards our globe, and describe the
above-mentioned space in the first minute of her
descent.

This being ascertained, Newton compared the
space which would thus be described by the moon



LET. VII.] AND DISCOVERIES. 109

at her present distance, with that which would
have been described by her, or any other heavy
body in the same time, near the earth’s surface, as
determined by Galileo from actual experiment; -
and found, that in the latter case, the space de-
scribed would be 3600 X 165 feet. Then, com-
paring the distance of the centre of the earth from
the surface, or the radius of the earth, with the dis-
tance of the moon from the same centre, which was
known to be equal to 60 of those radii, he found
that the force of gravity at the earth’s surface, was
toits force at the distance of the moon, as 60° to 1;
so that the force decreases as the square of the
distance increases. And in a similar manner, he
found that the same law obtained with respect to
all the other planets; whence he concluded, that
they must be acted upon by gravity in the same
manner, and that the whole universe is governed by
the same laws; for so exact a conformity, or rather
such a perfect identity of effects, can onlyarise from
an identity of causes.

. These discoveries are, like the genius of their
author, universal ; but before we proceed any far-
ther, it will be proper to enquire a little into the
nature of gravitation in general, that powerful
agent, which produces so many astonishing effects.
It has been shown, that by the action of this invi-
sible power, a stone is made to fall to the ground,
the moon circulates about the earth, and the satel-
lites of Jupiter and Saturn round the bodies of
those planets. The Newtonian doctrine, which
proves the truth of these laws fromn mathematical
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principles, is called the System of Universal Gra-
vitation, or Attraction. But what is this occult
principle of sympathy and union, which gives life
and motion to inanimate beings, and how does it
act? The effects are visible, but the agent that
produces them is hid from our senses. It eluded
the search of Newton himself; he that soared to -
the utmost regions of space, and looked through
nature with the eye of an eagle, was unable to dis-
cover it. .

That there is, however, such a principle, is not
to be doubted. To deny its- existence, would be
to deny the truth of facts, established both by ex-
periment and demonstration. That two distant
bodies will approach towards each other, without
any visible agent either drawing or impelling them,

" may be made manifest by various instances. The

loadstone and a piece of iron mutually attract each
other; two cork balls, swimming in water, -ap-

_ proach together and meet ; and, in electricity, we
have numberless experiments to show, that seve-
ral other bodies have a like tendency to unite
and adhere to each other. These bodies, it is true,
act by particular laws, different from that of gra-
vity; but they serve sufficiently well to illustrate
the nature of that principle.

But lest these instances should be thought in-
sufficient, it may not be amiss to mention anotber,
which, independently of mathematical demon-

- strations, goes near to show the universality of this
property.

The French mathematicians who were employed
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in measuring the circumference of the earth, ob.
served that a large mountain in South America had
a seasible effect upon the plumb line of their ia-
struments : but as this was a business foreign te
that in which they were engaged, they neglected to
make the observations which were necessary to
establish its validity. The Royal Society, how-
ever, from this and other considerations, were in-
duced to prosecute the enquiry. And Dr. Maske-
lyne, the late astronomer-royal, who was employed
by them for this purpose, has furnished us witha
series of observations, made on the mountain Sche- -
hallien in Scotland, from which it appears that, by
the force of its attraction, the plumb line was drawn
out of its vertical direction about six seconds of a
degree.

This instance is sufficient to show that all bodies
whatever attract and are attracted ; and it has been
fartber proved, by Newton, that their mutual
actions upon each other, are in exact proportion
to the quantity of matter they contain. As the
sun, therefore, isthe largest body in our system, he
may be considered as the emperor of the world,
and the earth, planets, and comets, as his subjects:
by virtue of his power they move round him in
their several orbits, “and from his lordly eye keep
distance due, aloof amid the vulgar constellations
thick.” Among the planets, also, there are several
orders of nobility. The Earth, Jupiter, Saturn,
aad Uranus, are the sovereigos of their dominions,
and have the satellites or moons for their atten-
dants. They each move round their wmaster, in
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obedience to his will, and are subject to the laws
*he imposes on them. Thus celestial and sub-
lunary nature are the same; order and regularity
result trom seeming confusion, and subordination
and dependence are to be seen in every part of the
_universe.

This illustrious philosopher had made his dis-
coveries in geometry, and laid the foundation of
his two celebrated performances, the Principiaand
the Treatise on Optics, when he was only twenty-
four years of age; which is a circumstance no less
extraordinary than the discoveries themselves ; and
serves to countenance the idea of Fontenelle, who
observes, upon this occasion, that if intelligent'
beings, of an order superior to man, make a pro-
gress in knowledge by certain gradations, they pro-
bably fly whilst we creep, and pass over, without
notice, many of the intermediate steps, which the
confined limits of thehuman mind render absolutely
necessary to our advancement.

“ When we consider, says this ingenious writer,
that, according to the doctrine of Newton, every
single satellite of Saturn must gravitate towards
the other six; the other six towards the seventh;
all the seven towards Saturn; and Saturn and
all of them towards the sun, according to a parti-
cular law: what an immense skill in geometry
must have been requisite to unravel the intricacies
of so many different relations. It was a daring
attempt to undertake it ; and one cannot perceive,
without amazement, that from so abstracted a
theory, formed of so many particular theories, and
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each of them perplexed with innumerable difficul-
- ties, conclusions should always arise exactly con-
formable to fact and experience.” These are, cer-
tainly, such instances of genius and penetration,
that, when taken in their fullest extent, the idea of
the poet will scarcely be thought too extravagant :

¢« Nature and Nature’s laws lay hid in night,

God said, Let Newton be, and all was light.”
' Porx.

\
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LETTER VIIL
OF THE NATURE OF THE TIDES.

In my lastletter I have unfolded to you the grand
principle of attraction, and the manner in which it.
operates. We have seen the genius of Newton in
the heavens, and travelled with him to the sun and
the planets. Let us now descend, and follow him
into the world of waters, through the depths of the
ocean. By what power or cause is it, that this
vast liquid body rises and falls alternately, twice a
day, in a-manner so constant and regular. The
ancients considered it as one of the greatest mys-
teries in nature, and were utterly at a loss to ac-
count for it. _

Aristotle, the great oracle of antiquity, is repre-
sented as having thrown himself into the sea, be-
cause he was unable to explain its motions; and
when he was in India, with Alexander the Great,
it is said that he wanted to follow the tide in its
reflux, to see where it would go. The story is suf-
ficiently absurd ; but not more so than the follow-
ing one related of Kepler. He, in one of his reve-
ries, considered the earth as a living being, and
thought the flux and reflux of the sea was the effect
of its respiration: men, and other creatures, he
conceived to be insects which feed upon this ani-
mal; bushes and trees the bristles on his back;
and the water of seas and rivers a liquid which cir-
culates in his veins,

. Galileo, Des Cartes, and even Kepler, have,
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however, expressed themselves more philosophi-
cally upon this subject ; but the first who clearly
pointed out the cause of the phenomenon, and
showed its agreement with the effects, was New-
ton. To a genius like his, enterprise and discovery
were recreation. The moon he presently saw was:
the principal agent which produces these motions;
and, by applying his new principles of geometry
and attraction to the enquiry, he soon showed the
manner in which they are effected. To follow him
through all his calculations, would be to perplex
the subject instead of elucidating it. Not to in-
sist, therefore, upon abstruse investigations, which
are intelligible only to mathematicians and philoso-
phers, I shall begin by describing the most obvious
facts, and afterwards show their conformity with
the theory he has established.

The ocean, it is well known, covers more than
one half of the globe; and this large body of water
is found to be in continual motion, ebbing and
flowing alternately, without the least intermission.
What connection these motions have with the
moon, we shall see as we proeeed ; but, at present,
it will be sufficient to observe that they always fol+
low a certain general rule. For instance, if the
tide be now at high-water-mark, in any port, or
harbour, which lies open to the ocean, it will pre-
sently subside, and flow regularly back, for about
six hours, when it will be found at low-water-mark.
After this, it will again gradually advance for six
bours, and then return back, in the same time, to
its former situation ; rising and falling alternately,

‘ 1 ©

-
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twice a day, or in the space of about twenty-four
hours. :
The interval between its flux and reflux, is, how-
ever, not precisely six hours, but about eleven
minutes more; so that the time of high water does
not always happen at the same hour, but is about
three quarters of an hour later every day, for thirty
days, when it again recurs as before. For example,
if it be high water to-day at noon, it will be low
water at eleven minutes after six in the eveningj;
and, consequently, after two changes more, the
time of high water the next day, will be at about
three quarters of an hour after noon ; the day fol-
lowing it will be at about half an hour after one;
the day after that at a quarter pasttwo; and so on
for thirty days; when it will again be found to be
high water at noon, the same as on the day the ob-
servation was first made: which exactly answers
to the motion of the moon; she rises every day
about three quarters of an hour later than upon
the preceding one ; and, by moving in this manner
round the earth, completes her revolution in about
thirty days, and then begins to rise again at the
same time as before. '

To make the matter still plainer; suppose, at &
certain place, it is high water at three o’clock in
the afternoon, upon the day of the new moon; the
following day it wiil be high water at three quarters
of an hour after three; the day after that at half
an hour past four; and so on, till the next new
moon ; when it will again be high water exactly at
three o’clock, the same as before. And by observ-
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ing the tides continually, at the same place, they
will always be found to follow the same rule: the
time of high water, upon the day of every new
moon, being exactly at the same hour; and three
quarters of an hour later every succeeding day.

Such a perfect harmony of motions, as is here
pointed out, could not possibly arise from the mere
concurrence of fortuitous causes, or the uncertain
operations of blind chance, as many sceptica] phi-
losophers affect to believe. On the contrary, they
~ are in such exact conformity with the motion of
the moon, that, independently of all mathematical
considerations, we should certainly be induced to
look to her as their cause. Neglecting, therefore,
for the present, all such exceptions as do not affect
the truth of the theory, we will proceed to show,
from principles laid down by Newton, that these
phenomena are principally occasioned by the
moon’s attraction.

For this purpose it will be proper to observe,
that the earth and moon mutually attract each
other; in consequence of which they would ap-
proach towards the same point, if it were not for
a contrary force acting in an opposite direction ;
which being such as to cause an equilibrium of the
two, their mean distance is preserved. The latter
* of these is called the centrifugal force, being that by
~ which revolving bodies have a tendency to recede

from their centres of motion; as a stone, when
whirled round in a sling, has a tendency to fly off,
_and which requires a greater or less force to coun-
teract it, according to the velocity with which it re-
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volves.  And as the earth and moon may be con-
sidered as revolving about their common centre of
gravity, it is obvious, that they will have a mutual
tendency to recede from each other, or from their
common centre of gravity.

Now this force by which the earth is prevented
from approaching towards the moon, acts equally
on all its particles ; since each of them, moving
with the same velocity, has the same tendency to

‘recede. But the force by which they have a ten-

dency to approach, is not equal in every particle ;
it being a law of attraction, that the force in-
creases as the squares of the distances decrease.
Whence it is obvious, that the surface of the earth,
or ocean, nearest the moon, is attracted by a
greater force than the centre; and therefore the
waters will have a tendency to rise in those parts
immediately under the attracting body.

In order to illustrate this by a figure, let M
(PL 111. fig. 6. ) represent the moon, o the centre
of the earth, and z, &, N, &c. different points upon
its surface ; and for the sake of perspicuity, let us
suppose the earth to be entirely covered by the
ocean. Then the moon » will act upon the sur-
face of the sea at the points z, R, N, &c. as well as
upon the centre 0. But the point z being nearer
to the moon than the point o, the attraction at z

‘will be greater than at o; and at any other in-
termedlate points, the attractive force will be dif-
ferent, according to their different distances from
the moon. ’

.Now as every particle has an equal tendency



VL

LET.VIT1.] OF THE NATURE OF TIDES. 119

to recede from the moon, but an unequal one to
approach towards it; and since this latter attrac-
tive force is greatest on the part of the ocean,
which lies immediately under the moon, the waters
will, of course, flow constantly to that part, and be
elevated or depressed at different places, accord-
ing as her situation changes with respect to those
places. Butas the earth turns round on its axis,
from the moon to the moon again, in about twenty-
four hours and three quarters, the flux and reflux
will be necessarily retarded, from day to day,
about three quarters of an hour, which is agreeable
to experience, and what we have before men-
tioned.

So far then it must appear perfectly clear, that the
tides are occasioned by the attractive power of the
moon : but a circumstance the most singular, and
difficult to conceive, remains yet to be explained :
which is, that they ebb and flow twice a day, or in
the space of about twenty-four hours. When the
moon passes the meridian, or is at her greatest
height above the horizon of any place, she will evi-
dently attract and elevate the waters which lie im-
mediately under her: but what is the reason, that
twelve hours afterwards, when she passes the meri-
dian below the horizon, the waters, at the same place,
are then also elevated? We know from experience,
that, whether the moon be in the zenith or nadir,
the phzznomenon is nearly the same; it being high
water with us at the same time that it is high water
with our antipodes. ~

"This circumstance seemed, at first, so opposite
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to the nature of attraction, that some philosophers,
who did not examine it with proper attention,
thought it a sufficient refutation of that doctrine.
But the edifice of Newton is built upon a rock, and
is not to be shaken by every idle wind that blows.
It was ingenuously observed, upon a similar occa-
sion, by his polite and candid opponent, the ac-
complished Marquis de Polignac, that what this
great man asserts to be a fact must not be hastily
~.rejected ; and I shall now show you the necessity
of attending to this precaution, in the instance be-
fore us.

Let » (Pl 111. fig. 6.) represent the moon as be-
fore; o the centre of the earth; and z and N those
parts of the surface which are the nearest to the
moon, and the farthest from her; and, for the sake
of perspicuity, let us suppose the earth, in this in-
stance also, to be entirely covered by the ocean.
Then as we have before seen, the waters at the
point z, nearest the moon, will be elevated, be-
cause this point is more strongly attracted by the
moon than the centre 0; and because N is more
remote than the centre o, the attractive power of
the moon M, will be less at . thanat o. Whence,
since every particle has an equal tendency to recede
from the moon, but an unequal one to approach
towards it, it follows, that those parts which are
the least attracted will recede the farthest; that is,
the waters at ~, will recede the farthest from u,
and consequently be equally elevated at this point,
as at z. So that the attractive force of the moon
will evidently raise the waters, both at that point
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- of the surface which is nearéest to her, and at that
which is farthest from her, at the same time, as was
to be shown.

Following this system, then, itis to be observed,
that at any port or barbour which lies open to the
ocean, the action of the moon will tend to elevate
the waters there, when she is on the meridian of
that place, whether it be above the horizon or be-
low it. But the water cannot be raised at one
place, without flowing from, and being depressed
at another; and these elevations and depressions
will obviously be the greatest at opposite points of
the earth’s surface. When the moon raises the
waters at z and w, they will be depressed at 1 and
®; and when they are raised by her at v and
R, they will be depressed at z and N. And as the
moon passes over the meridian; and is in the hori-
zon, twice every day, there will therefore be two
tides of flood and two of ebb in that time, at the
interval of about six hours and eleven minutes
each; which is exactly conformably to theory and
experience.

One great privilege of genius seems to be, that
of considering difficult things under a point of view
which renders them more simple and perspicuous,
and enables the mind to comprehend and follow
them with ease and facility. This felicity of con-
ception was possessed by Newton in the highest
degree: he always knew, in every case which re-
quired investigation, the proper mode of resolving
the question. Geometry and mechanics were his
favourite sciences, and, by their means, he soon
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conquered every difficulty. We have seen, in the
present instance, how easily he removed objec-
tions, and reconciled apparent contradictions. The
occuring of the tides at the same place twice a day,
was made use of as an argument against the truth
of his grand principle of attraction; but this, so
far from being repugnant to that doctrine, he has
shown to be 4 necessary consequence of it.

Another seeming objection may also be removed
with the same ease. From a slight consideration
of what has been said, you might be led to imagine,
that the time of high water at any place, would be
‘when the moon is over the meridian of that place,
But this is by no means the case : itis usually about
three hours afterwards ; the reason of which may be
shown as follows. The moen, when she is on the
meridian, or nearest to the zenith of any place, tends
to raise the waters at that place; but this force
must evidently be exerted for a considerable time,
before the greatest elevation will take place; for
if the - moon’s attraction were to cease altogether,
when she has passed the meridian, yet the motion
already communicated to the waters would make
them continue to ascend for some time afterwards;
and, therefore, they must be much more disposed
to ascend, when the attractive force is only in a
small measure diminished.

The waves of the sea, which continue after a
storm has ceased, and almost every other motion
of a fluid, will illustrate this idea; all such effects
being easily explained, from the consideration that
2 small impulse, given to a body in' motion, will
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make it move farther than it would otherwise have
done. It is also, upon the same principle, that
the heat is not the greatest upon the longest day,
but some time afterwards ; and that itis not so hot
at twelve o’clock, as at two or three in the after-
noon; because there is a farther increase made to
the heat already imparted. Instead of its being
high water, therefore, when the moon is upon the
meridian of any place, it will always be found to
happen, as far as circumstances will allow, at about
three hours afterwards ; and the intervals between
the flux and reflux, must be reckoned from that
time in the same manner as before.

From what has been hitherto said, it may be
supposed that the moon is the sole agent concerned
in producing the tides. But it will be necessary
"to observe, before we quit the subject, that the in-
fluence of the sun would also produce a similar
effect, though in a much less degree, than, from his
superior magnitude, we should naturally be led to -
imagine. For it is not the entire actions of those
bodies upon the whole globe of the earth, that is
~ here to be considered, but only the inequalities of
those actions upon different parts of it. The whole
attractive force of the sun is far superior to that of
the moon ; but as his distance from the earthis
near four hundred times greater, the forces with
which he acts upon different parts of it, will ap-
proach much nearer to equality than those of the
moon ; and consequently will have a less effect in
producing any change of its figure. For, from what
bas been observed, it is manifest that if all .the
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parts of the earth were equally attracted, they
would suffer no change in their mutual situa-
tions.

That this doctrine may be still more clearly un-
derstood, let it be considered, that though the
earth’s diameter bears a considerable proportion to
the distance of the earth from the moon, yet this
diameter is almost nothing when compared to the
distance of the earth from the sun. The difference
of the sun’s attraction, therefore, on the sides of
the earth under and opposite to him, will be much
less than the difference of the moon’s attraction on
the sides of the earth under and opposite to her:
for which reason, the moon must raise the tides
much higher than they can be raised by the sun.
Newton has calculated the effect of the sun’s in-
fluence, in this case, and found that it is about one
third of that of the moon. The action of the sun
alone would, therefore, be sufficient to produce a
flux and reflux of the sea; but the elevations and
depressions occasioned by this means, would be
about three times less than those produced by the
moon. :

The tides, then, are not the sole production of
the moon, but of the joint forces of the sun and
- moon together. Or, properly speaking, there are
two tides, a solar one, and a lunar one, which have
a joint or opposite effect, according to the situation
of the bodies that produce them. When the
actions of the sun and moon conspire together, as
at the time of new and full moon, the flux and re-
flux becomes more considerable; and these are
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then called the Spring Tides. But when one tends
to elevate the waters, whilst the other depresses
them, as at the moon’s first and third quarters,
the effect will be exactly the contrary; the flux
and reflux, instead of being augmented, as before,
will now be diminished ; and these are called the
Neap Tides.

But as this is a matter of some importance, it
may be worth while to enter into a more minute
explanation of it.  For this purpose, let s (PL 111.
fig. 7.) represent the sun, ZHNR the earth, and F and
€ the moon at her full and change. Then, because
the sun s, and the new moon ¢, are nearly in the
same right line with the centre of the earth o, their.
actions will conspire together, and raise the water
about the zenith z, or the pointimmediately under
them, to a greater height, than if only one of these
forces acted alone. But it has been shown, that
when the ocean is elevated at the zenith z, itis also
elevated at the opposite point, or nadir N, at-the
same time; and, therefore, in this situation of the
sun and moon, the tides will be augmented. Again,
whilst the full moon F raises the waters at N and
z, directly under and opposite to her, the suns,
acting in the same right line, will also raise the
waters at the same points z and v, directly under
and opposite to him; and therefore, in this situa-
tion also, the-tides will be augmented ; their joint
effect being nearly the same at the change as at the
full; and, in both cases, they occasion what are
called the Spring Tides.

Pursuing the illustration in the same way, let
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now ¥ and T (PL 111. fig. 8.) be the moon in her
first and third quarters, and the rest as before.
Then, since the sun and moon act in the right lines.
so and Fr, which are nearly perpendicular to each
other, their forces will tend to produce contrary
effects ; because the one raises the waters in that
part, where the other depresses them. The sun’s
attraction at R and H, will diminish the effect of
the moon’s attraction at z and n ; so that the wa-
ters will rise a little at the points under and oppo-
site to the sun, and fall as much at the points under
and opposite to the maon ; and of course the lunar
tides will be diminished in those parts. This re-
spects the moon only in her first quarter, at ¥;
but the same reasoning will evidently hold, when
“applied to the moon in her third quarter, at T ; for
as the sun and moon still act in lines which are
perpendicular to each other, they must produce '
the same diminution as before; and in both these
cases they occasion what are called the Neap Tides.
But it must be observed, that neither the Spring -
nor Neap Tides happen, when the sun and moon
bave the precise situations here mentioned; be-
cause, in this case, as in all others, their actions do
not produce the greatest effect when they are the
strongest, but some time afterwards.

The effects of the disturbing forces of the sun.
and moon, depend, likewise, upon their respective
distances from the earth, as well as upon their par-
ticular situations. For the'less the distances are,
the greater will be the effects; and, therefore, in
winter, when the sun is nearer to the earth, the

o
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spring tides will be greater than in summer, when
he is farther off; and the neap tides, on that ac-
count, will be less. And, for a like reason, as the
moon moves in an elliptical orbit round the earth,
and is nearer to us at some times than at others,
the tides will, at those times, be greater, and at the
opposite points of her orbit less. Some variations,
likewise, take place in consequence of the different
declinations of the sun and moon at different times.
For if either of these luminaries were at the pole,
it would occasion a constant elevation both there
and at the opposite one, and a constant depression
. at the equator; so that as the sun and moon gra-
dually decline from the equator, they lose their
effect, and the tides become less; and when they
are both in the equator, the tides of course become
greater. .

These are the principal phenomena of the tides;

and where no local circumstances interfere, the

theory and facts will be found to agree. But it
must be observed, that what has been here said,
relates only to such places as lie open to large
oceans. In seas and channels, which are more
- confined, a number of causes concur, which occa-
sion considerable deviations from the general rule,
Thus, it is high water at Plymouth about the sixth-
hour ; at the Isle of Wight about the ninth hour;
and at London-bridge about the fifteenth hour,”
after the moon has passed the meridian. And at
Batsha, in the kingdom of Tonquin, the sea ebbs
and flows but once a day; the time of high water
being at the setting of the moon, and the time of
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low water at her rising. There are, also, great
variations in the height of the tides, according to
the situation of coasts, or the nature of the streights
which they have to pass through. Thus, the Me-
diterranean and Baltic seas have very small eleva-
tions ; while, at the port of Bristol, the height is
sometimes forty feet; and at St. Malo’s it is said
to be near a hundred. _

What has been said of the ocean may likewise
be applied to the air; for the surface of the atmo-
sphere being nearer to the moon than the surface of
the sea, it is plain that the aerial tides must be
much more considerable than those of the ocean :
and on this account it should seem to follow, that
the mercury in the barometer would sink consider-
ably lower than at other times, when the moon
passes the meridian ; because her action on the
particles of air, must, at that time, make them much
lighter. But it must be considered, that in pro-
portion as these particles are rendered lighter, a
greater number of them are accumulated, till the
deficiency of gravity is made up by the height of
the column; and as there is then an equilibrium,
the pressure will evidently be the same as before ;
and consequently the mercury in the barometer,
cannot, in any respect, be affected, by means of
these tides. \
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LETTER IX.

OF THE LATITUDE AND LONGITUDE, AND THE
METHODS OF DISCOVERING THEM.

I~ almost all difficulties we have our resources ;
and such are the inventive powers of the mind,
that there are but few things, which it is useful for
us to know, but what some means have been de-
vised for obtaining a knowledge of them. To de-
termine the true place of a ship at sea, is a problem,
which was formerly placed in the same degree of
probability with the secret of prolonging life, the
perpetual motion, the squaring of the circle, and
other similar projects : but, impossible as the solu-
tion of it might appear, it can now be obtained toa
degree of precision, sufficient to answer most prac-
tical purposes. By the help of a few books, and a
quadrant, the mariner can not only inform himself
of the situation he is in, but also how far he has
travelled, what distance he has to go, and how he
must direct his course to arrive at the place he de-
signs to visit. '
In this enquiry, nothing more is necessary, than
to find the latitude and longitude of the places
under consideration ; for these being once known,
by only turning to a common map or globe, the
places themselves will be found ‘by inspection.
What is to be understood by these terms, and how
they are applicable to the purposes mentioned, you
will, no doubt, be anxious to enquire; and I shall
" endeavour to satisfy your curiosity to the utmost
' ' K
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of my power. The subject is no less useful than
curious, being the very foundation both of geo-
graphy and navigation ; and, in order that you may
obtain as clear an idea of it as possible, we will
begin with the first principles, and proceed gra-
dually, step by step, to their application. .
In the first place, then, as it is absolutely neces-

- sary for you to have a perfect conception of what
is meant by the poles of the earth, the equator, and
the meridians, I shall describe them in as familiar
a manner as the subject will admit, and at the same
time show you their use and design. The poles
are the two extremities of the earth’s axis ; or those
points where the imaginary line, round which it
performs its daily revolutions, meets the earth’s
surface: that which is directed towards the most
northern point of the heavens, being called the north
pole; and that which is directed towards the most
southern point, the south pole. So that they are
diametrically opposite to each other, and always
preserve the same relative situation,

¢ Two poles turn round the globe, one seen to rise
O’er Scythian hills, and one in Libyan skies ;
The first sublime in heav’n, the last is hurl'd
Below the regions of the nether world ;
Where, as they say, perpetual night is found,
Insilence brooding on the unhappy ground :
Or, when Auroraleaves our northern sphere,
She lights the downward heav'n, and rises there ;
And when on us she breathes the living light,
Red Vesper kindles there the tapers of the night.”
VireiL.
It is, also, to be observed, that these two points

have not been arbitrarily assumed by geographers
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and astronomers, to answer their particular pur-
poses, for they are pointed out to us by the nature
and constitution of the globe, and are easily dis-
tingnished from all others. The nearer we ap -
proach to them, the more we find the earth becomes
barren and inhospitable; so that, under the poles,
the cold is so excessive, that the country is, in all
probability, wholly uninhabitable. Many attempts
have been made to explore these remote regions,
but they have all hitherto failed ; and there is great
reason to imagine that they are utterly inacces-
sible (/). The immense quantities of ice with
which the ccean, in those parts, is continually
~ covered, renders navigation impracticable; and
any method of approaching them by land, would
be subject to still greater impediments.

From these considerations, you will be able to
obtain a precise and determinate idea of the poles.
Imagine now a circle to be drawn round the globe,
exactly in the middle between these two points,
and this will be the equator; which, properly speak-
ing, is a great circle of the earth, that separates
the northern from the southern hemisphere, and is
every where at an equal distance from the two
poles. This circle is also no less remarkable, on
account of its situation, than the poles themselves;
the heat here being almest as intense as the cold is
there; for which reason, the ancients imagined the

_ (f) The nearest approach towards the north pole was that
made by Captain Phipps, in the year 1773, when he penetrated
as faras latitude eighty degrees thirty-seven minutes ; where
the sea was entirely blocked up with ice.

K 2
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countries in both situations to be equaily uninha-
‘bitable. Since the globe, however, has been far-
ther explored, it has been found that many places,
which lie directly under the equator, are extremely
populous, notwithstanding the excessive heat of
the climate ; and even the bleak regions of the pole
are not wholly desolate; so that the following de-
scription of those parts must be considered as more
poetical than just.

“ The fields of liquid air, inclosing all,

Surround the compass of this earthly ball :
And as five zones th’ etherial regions bind,
Five, correspondent, are to earth assign’d :

- The sun, with rays directly darting’ down,
Fires all beneath, and fries the middle zone :
The two beneath the distant poles complain
Of endless winter, and perpetual rain:
Betwixt th’ extremes, two happier climates hold
The temper that partakes of hot and cold.”

Ovip.
. .

Having fixed the position of the poles and equa-
tor, it will be easy to form a notion ef any other
circles that can be drawn-upon the globe. A me-
ridian, for instance, is a certain great circle, which
is supposed to pass through the two poles, and to
divide the eastern half of the earth from the western
half. And because any place, which lies to the
east or west of another, may have a circle of this
kind drawn through it, you will readily perceive
that there may be as many meridians as there are
places of different situations. The meridian of any
particular place is also to be known, by its being
that circle in which the sun is always to be found
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at noon, or when he is at an equal distance both
from the point where he nses, and that where he
sets. ~ .
But what has been here described, will perhaps
be better understood from the following figure,
(PL 111 fig.2.) where the line s represents the
_axis of the earth, or that line about which its diur-
“nal revolution is performed, v and s, the north
and south poles, and Eq, the equator; also saNw,
SBN, SCN, &c. are meridians passing through the
north and south poles, and each dividing the earth
* into an eastern and western hemisphere, the same
as the equator kq, divides it into a northern and
southern hemisphere.(g)

These are the principal circles concerned in the
present subject; and if they be properly under-
stood, what follows will be found perfectly easy.
The equator, for instance, is represented as a
boundary, which separates the northern from the
southern hemisphere ; and the latitude of a place
is its distance north or south from this circle. If
the place lies in the northern hemisphere, it is said
to have north latitude ; and if it lies in the southern
hemisphere, it is said to have south latitude: so
that the latitude of any place will be greater or
less, according as it is farther from, or nearer to

. the equator. And in order to estimate this dis-
‘tance, we conceive a meridian to be drawn through

" (g) A description of the various circles of the sphere, will
be found in the explanation of the principal terms made use
of in astronomy, given at the end of the work. -

.
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the place proposed ; and by reckoning how many
degrees of that circle are contained between this
point and the equator, we are enabled to judge of
the situation of the place with respect to its lati-
tude. .

Every circle is supposed to be divided into 360 -
equal parts, called degrees, and every degree into
sixty equal parts, called minutes; so that, from
these considerations, you will readily perceive what
is to be understood by the latitude being express-
ed in degrees and minutes, and how the distance
of any place from the equator may be assigned by
them. If, for example, a place is said to have
ninety degrees of north latitude, it must, evidently,
lie under the north pole; and if it has ninety de-
grees of south latitude, it must be under the south
pole. In like manner, any place which is exactly
in the mid-way between the equator and either of
the poles, will have forty-five degrees of latitude,
north or south, according to the hemisphere in
which it lies: so that under the equator the lati-
tude is nothing, but increases gradually as you
advance towards either of the poles, where it is
ninety degrees, or the greatest possible ; as will be
evident from consulting the above-mentioned
figure. v

A great number of different places it is obvious,
may also have the same latitude; for if a circle be
supposed to be drawn through any point of the me-
ridian, parallel to the equator, all the places which
lie under that parallel will be equally distant from
the equator, and consequently must have the same
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latitude; as is the case of the circles 10, 10; 20, .
20; &c. It appears, therefore, that by knowing
the latitude of a place only, we are not from this
alone able to ascertain its exact situation. We can
tell under what parallel it lies, or what is its dis-
tance from the equator; but other considerations
are necessary to fix its precise position in that
parallel, and to enable us to find it upon a map or
globe. '
Before we can do this, we must know the dis-
tance of the place from a certain meridian, as well
as its distance from the equator. . But as none of
these circles are, in their own nature, distinguish-
able from the rest, it will be necessary to fix upon
some one in particular, and agree to refer all our
computations to that. Suppose, for example, that
we take any remarkable place upon the earth, and
consider the meridian which passes over it, as the
principal one: this may then be called the first
meridian, and by noting the points where it cuts the
equator, the distance of any place may be properly
reckoned from it in degrees and minutes of that
circle. ' :
The choice of a first meridian has been a matter
of considerable embarrassment both to astronomers
and geographers, and even yet they are not per-
fectly agreed in their determinations. The French
formerly made their first meridian pass through the
island of Ferro, one of the Canaries; and the
Dutch fixed upon another of those islands, called
Teneriffe, as the properest situation for this pur-
pose. But the English, with more propriety; make
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their first meridian pass over London, or rather over
Greenwich, on account of the Royal Observatory
being at that place. This disagreement amongst
the astronomers of different nations is not, how-
ever, to be considered as a matter of much import-
ance ; for whichever is regarded as the first meri-
dian, the rest may be easily deduced from it, by
noting the different points where they intersect the
equator, and finding the difference.

The idea of makmg the meridian pass over r the
capital of a kingdom is a very natural one ; but you
will, no doubt, be curious to know why the islands
of Ferro and Teneriffe were fixed upon in pre-
ference to all other places for this purpose. The
principal reason seems to have been, on account
of the westerly situation of these places; for as
they lie in the Atlantic ocean, between Europe and
America, the first meridian being made to pass
over this part of the globe, might then be consider-
ed as the western boundary of Europe besides
whigh, the Dutch and Germans imagine the peak of
Teneriffe, on account of its being one of the highest
mountains in this part of the world, to be a place
_peculiarly proper for this purpose.

These reasons, however, are by no means satis-
factory. The true position of the Canaries was

" not, till very lately, determined ; and it must surely
be injudicious to make the first meridian pass
over a place whose situation is but imperfectly.
known. Let us, therefore, follow our countrymen,
and, without regarding the practice of other nations,
refer the longitude of different places to the meri-
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dian of London. This meridian, which, in the pre~

ceding figure, is represented by the line sN, and

may now be called the first, cuts the equator in

two opposite points, at the distance of 180 degrees

each way; and as the equator is the boundary

which separates the northern hemisphere from the

southern, so this circle may be considered as the -
boundary which separates the jeastern hemisphere

from the western.

The relation between these two circles is, also,
still farther observable: for as the latitude of any
place is its meridional distance from the equator,
so the longitude of any place is its equatorial dis- -
tance from the first meridian. If the place lies in
the eastern hemisphere, it is said to have east lon-
gitude ; and if it lies in the western hemisphere, it
is said to have west longitude; the longitude of
any place being greater or less, according to its
east or west distance from the first meridian. But,
in order to obtain a true estimate of this distance,
we must conceive a meridian to be drawn through
the place proposed, and then, by reckoning how
many degrees of the equator are contained between
this and the first meridian, we shall be enabled to
judge of the situation of the place with respect to
its longitude.

This method i is, however, subject to some ambi-
guities, which arise from considering the meridians
as entire circles. Let us therefore consider them
only as semicircles, drawn from one pole to the
other, and all difficulties of this kind will be easily
avoided. For, since the equator may now be di-
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vided into 180 degrees each way from the first
meridian, and none of these semicircles can inter-
sect it in more points than one, the method of -
reckoning the longitude will be perfectly clear and
intelligible. If, for example, the meridian of any
place cuts the equator at twenty degrees distance
from the first meridian, the longitude of that place
will be twenty degrees, east or west, according to
its situation ; -and so for any other place under the
same meridian. Thus all places under the meri-
dian ¢~ have ten degrees of lengitude, and those
under BN, twenty degrees, and so on, for any other
meridian whatever. _ '

From this consideration it is also evident, that
the greatest longitude a place can have is 180 de-
grees; and that the longitude of any place lying
under the first meridian will be nothing. A great
number of different places may also bave the same
longitude ; for if a meridian be supposed to be
drawn through any point upon the globe, all places
lying under that meridian, when referred to the
equator, will be at an equal distance from the first
meridian, and consequently their longitude must
be the same, as I have before stated. It appears,
therefore, that by knowing the longitude of a place
only, we are not, from that circumstance alone, able
to ascertain its exact situation, any more thanh we -
were from knowing the latitude only. We can tell
under what meridian it lies, and- what is its equa~
torial distance from the first meridian; but some-
thing more must be understood, before we can fix

[its precise position upon the globe. ~This know.
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ledge is obtained, by finding both the meridian and
the " parallel of latitude that pass over the place
under consideration; in which case, the point where
these two circles intersect each other will be the
true situation of the place proposed.

Thus, in order to ascertain the exact place on
the earth of any point, as p, we find first, that it
lies in forty degrees of north latitude ; but this is"
not sufficient; as every placein the circle 40, 40;
has also the same latitude. But if, besides this,
we know that it lies under any particular degree of
longitude, as for example, that of forty degrees
west ; then its exact position is determined, beingin
that point where the two circles cut each other. And
in the same manner we may find the position of the
point ®r, which lies in thirty degrees north latitude,
and twenty degrees east longitude ; and so on.

But it is not the situation of towns and provinces
only that we are so anxious to determine: toapply
these principles to the purposes of navigation, is a
matter of still greater importance. In travelling
by land, we are subject to few inconveniencies ; but
the calls of ambition, business and pleasure, have
exposed men tonew dangers. When the discovery
of the compass invited the voyager to quit the con-
solatory sight of his native shore, and to venture
himself upon an unknown ocean, that knowledge,
which he might have thought but of little conse-
quence before, became now a matter of absolute
necessity. [Floating in a frail vessel, upon an un-
certain abyss, he has consigned himself to the
mercy of the winds and waves, and knows not
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where he is: an uniform simultaneous plane, and
an uninterrupted horizon, is all that he sees around
him. The compass will direct hiw in his course,
but it shows him neither the coasts he has left be-
hind, nor those he endeavours to find.

In this situation of danger and distress, having
no other resource, he applies to the heavens for
assistance : the same stars, which he saw in his na-
tive country, are still visible in the firmament, and
these are his only guides. Being fixed and im-
moveable, their situations are known; and rules
have been derived from this property, which will
enable bim to find the latitude of the place at which
he is arrived. But as many places have the same
latitude, this only informs him that he is some-
where in a certain circle which is parallel to the
equator. To tell exactly in what part of this circle
he is, he must also find the difference of loagitude,
and determine the meridian which cuts the parallel
in the place occupied by his vessel. '

The latitude of a place is easily discovered, but
the longitude is a subject of the utmost difficulty.
Many methods have been devised for this purpose,
which are suﬂicnently accurate upon land; butat
sea, where precision is most wanted, they are least
to be depended upon. The problem is so intimate-
ly connected with trade and commerce, that princely
rewards have been offered for an easy and accu-
rate solution of it. Byan act of parliament, passed
in the year 1714, the English government offered
20,000 pounds reward to any person who should.
discover a method for finding the longitude of places,
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at sea, within thirty miles, or half a degree of a -
great circle : 15,000 pounds if it camhe within two-
thirds of a degree, and 10,000 pounds if it came
only within a degree of the truth. Such a liberal
encouragement induced the learned, of all nations,
to attempt this important discovery, which now be-
came doubly interesting, both by the honour and
profit-which attended it.

I shall not perplex you with a long detail of all
the methods invented by astronomers for this pur-
pose, as they are frequently involved in abstruse
calculations, which you would find both tedious
and unintelligible. A general idea will be best ob-
tained by considering those only, which are the
most simple and easy; and if these be properly
understood, it will not be difficult for you to com-
prehend the principles upon which they are all
founded. Disregarding, therefore, all minute par-
ticulars, we will first begin with the latitude, and
show the means which have been used to discover
the distances of places from the equator. '

In this enquiry, the first method that suggests
itself, is that of finding the height of the pole. For
as this paint is immoveable in the heavens, and is
found to be elevated or depressed according as we
are farther from, or nearer to, the equator, it af-
fords, by this means, a critericn by which we can
judge of our distance from that circle. Supposing
ourselves, therefore, to be in the northern hemis-
phere, we will take this point for our guide, and
endeavour to find the latitude of the place. The
star, usually called the north pole star, is not
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exactly in.the north point of the heavens : but, for
the sake of illustrating the subject, we will suppose
that it is, and see what will follow from its baving
this situation, '

Let ns, (Pl 1v. fig. 9.) therefore, be the axis of
the earth, produced to the polar star p; EQ the
equator, and z the zenith, or place of observation :
then, since zo, the distance of the zenith from
the horizon, is ninety degrees; and NE, the dis-
tance of the pole from the equator, is also ninety
degrees ; the arc oz will consequently be equal to
the ar¢c Ng; and if the are N2, which is commen
to them both, be taken away, the remainder
oN, will be equal to the remainder zE: but ox
is the height of the pole above the horizon,
and zE is the latitude of the place, or its dis-
tance from the equator; and therefore, if the
height of the pole above the horizon be taken by
means of a quadrant, or ary other instrument
proper far the purpose, it"will evidently give the
latitude of the place where the observation was
made. Thus, the height of the north pole at
London is foynd to be about fifty-one degrees,
thirty-two minutes ; and therefore this is the lati-
tude of the place, or its distance north from the
equator.(k)

(k) The only thing that can stand in need of farther illys-
tration on this head is, that it may not appear, at first sight,
how a person standing on the surface of the earth at z, can
measure the angle Nco at the centre, or the altitude
of the polar star on;.but this seeming difficulty vanishes,
when we consider the immense distance of the fixed stars, te
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But as the pole star is not exactly in the north
point of the heavens, let some other star be taken
which is about eight or nine degrees from that
point; and find, with a quadrant, its greatest and
Jeast altitude, in the same manner as before.
Then, as the star moves in a small circle round
the pole, which it describes in about 24 hours, it
is evident that, if the least of the two altitudes be
added to half their difference, it will give the height
of the pole, or the latitude of the place required.
For, let 4 and a (Pl 1v. fig. 9.) be the twe posi-
tions of the star at its greatest and least altitudes,
and N the true north point of the world ; then, since
b and g are diametrically opposite to each other,
and v is exactly in the middle between them, it is
plain that if o a, the least altitude, be added to ax,
balf the difference of the altitudes, it will give o,
the height of the pole above the horizon ; which, as
was before shown, is equal to zE, the latitude of
the place of observation.

This method, however, is liable to some excep-
tions ; and as the same thing may be done by taking
only a single altitude of the sun or a star, when it
is upon the meridian, it is usually preferred in.
practlce to the former. The problem admits of
sevéral cases, according to the situation of the ob-
server : but as they are all equally easy, an expla-
nation of one of them, will be a sufficient elucida-

which the radius of the earth is a mere point; and consequent-
ly, the angle of elevation at z, will be the same as at c; be-
cause if a line zp be drawn from z to p, it will be so nearly
parallel to cr, as to occasion no sensible error.
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tion of the whole. Suppose then, a spectator at z
(PL 1v. fig. 10 ) to observe the sun, at noon, over
the point s, and to find, with a quadrant, his meri-
dian altitude Hs; then, if this altitude be taken
from Hz, or ninety degrees, it will give the zenith
distance zs; and the zenith distance zs, being
added to the declination of the sun sk, will be the:
latitude of the place required.(z)

The sun’s declination, is his distance north or
south from the equator; and as this may be found
in the Nautical Almanac, ready computed for the
noon of every day in the year, the latitude may
always be easily obtained from it. Thus, for ex-
ample, suppose thatat some unknown place in the
Western Ocean, the sun’s meridian altitude was
observed to be forty-four degrees fifty-one minutes,
and that his declination, as found in the tables, was
six degrees twenty-three minutes north ; then, by
taking forty-four degrees fifty-one minutes from
ninety degrees, the difference, which is forty-five
degrees nine minutes, is the distance of the sun
from the zenith; and this being added to six de-
grees twenty-three minutes, the sun’s declination,
gives fifty-one degrees thirty-two minutes for the
latitude required ; which shows ‘the place, in this
instance, to be upon the same parallel with Lon-
don. And if any remarkable fixed star be taken
instead of the sun, the latitude may be found from

(£) Supposing a line to be drawn from z to the sun, the
difference between taking the elevation of the sun from the
centre of the earth, or from its surface, will be insensible, for
a similar reason to that mentioned in the last note.
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its declination and altitude, in exactly the same
manner. S

These are the most popular methods of finding
the latitude ; and as what has been said upon them
is sufficient to give you a general idea of the sub-
Jject, I shall now proceed to the longitude, and en-
deavour to show that this- may be obtained, to a
certain degree of exactness, in nearly as easy a
manner as the former. In departing from any
" place, whose situation is known, we have only to
find the direction we travel in, by means of the
compass, and to measure the distance passed over,
by the log, which is an instrument used at sea for
that purpose; and both the latitude and longitude
of the place arrived at, may be determined by a
map or chart as follows :

Suppose a vessel departs from a place, whose
latitude is fifty-seven degrees twenty minutes north,
and longitude sixteen degrees east, and that it pro-
ceeds in an east-south-east direction 100 leagues :
then, in order to determine the situation of the place
- at which it is arrived, take a map, or plane chart,
such as is represented in Pl 1v. fig. 11., in which -
find the place -, that the ship departed from;
and draw the right line LM, making the same angle
with the meridian, east-south-east, as was shown
by the compass; and on this line set off the dis-
tance 100 leagues from L to M, taken from the
scale in the figure, and M will represent, on the
chart, the situation of the place required ; which
appears, by inspection, to be in latitude fifty-five

L
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degrees twenty-five minutes north, and longitude
about twenty-four degrees thirty minutes east.

In this example, where the distance run, for
the sake of perspicuity, is taken larger than can
usually happen, it is supposed that the vessel pre-
serves an uniform course through the whole of her
voyage: but the same method will hold when she
varies that direction; for if a similar operation be
performed at every-change, and her situation be
eonstantly found in the chart as before, her course
or direction may be traced, by these means, from
one place to another, till she arrives at the place
proposed. This method, however, notwithstand-
ing its heing frequently used by mariners, is liable
to many obvious objections: few charts are pro-
perly constructed ; and, besides the errors which
will necessarily arise in estimating the course and
distance, tempests and unknown currents in ‘the
ocean, may occasion such irregularities as will
render it utterly impossible to ascertain the situa-
tion of the vessel with any degree of precision. So
that, before any estimation of this kind can be de-
pended upon, it must be corrected, from time to
time, by astronomical observations.

This method of sailing by the stars, as it is fre-
quently called, may be traced back as far as the
time of Homer, and was probably used at a still
earlier period ; but from the account which he has
given us, of the departure of Ulysses from the
island of Calypso, it has been inferred, that his
knowledge of astronomy must have been very im-
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perfect, since he describes the constellation of the
great Bear as never setting, which is only the case
in certain latitudes.

< Plac’d at the heln he sat, and mark’d the skies,
Nor clos’d in sleep his ever watchful eyes.
There view'd the Pleiads, and the Northern team,
And great Orion’s more refulgent beam,
To which, around the axle of the sky,
The Bear revolving, points his golden eye;
Who shines exalted on th’ etherial plain,
Nor bathes his blazing forehead in the main.”
ODY$3KY, B. V.

L 2
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LETTER X.

THE SAME SUBJECT CONTINUED.

Anorner method for finding the longitude of
places, is by means of a chronometer, or an instru-
ment for measuring time. This excellent machine,
so useful in the common affairs of life, is capable of
affording us information upon subjects which seem
to have little or no connection with it; but genius
and industry find analogies where vulgar appre-
hension is blind. If a watch or clock could be so
conistructed, as to measure time with accuracy and
precision, at all scasons, and in all places, such an

“instrument might be used to discover the longi-
tude with the greatest ease and facility.

To illustrate this subject, we must consider the
manner in which time is estimated. When the sun,
in his apparent daily course round the earth,
comes overany particular meridian, it is then twelve
o’clock, or noon, at all places which lie under that
meridian ; but at all other places, it is either be-
fore noon, or after noon, according to their situa-
tion. The sun, moving from east to west, must
pass over the meridian NBs before he comes to the
meridian Nas (PL1v. fig. 12.); and consequently,
when it is noon to the inhabitants who live under
the meridian N B, it will be some time before noon
to the inhabitants who live under the mecridian
NAs. And, on the contrary, when it is noon at
those places which are situated under the meridian

-
.
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NAs, it will be some time after noon to the places
which are situated under the meridian NBs.

But as the sun appears to move uniformly round
the earth, and to describe a circle, which contains
860 degrees, in twenty-four hours, he will of course
move through an arc of fifteen degrees in an hour.
When it is noon, therefore, at London, and at all
other places which lie under the same meridian, it
will be one p’clock in the afternoon at those places
which lie under the meridian fifteen degrees to the
east of that of London; and eleven o’clock in the
morning, at all those places which lie under the
meridian fifteen degrees to the west of that of Lon-
don. If the distance of the meridians be thirty
degrees, it will make two ‘hours difference in the
time; if forty-five degrees, three hours; and so on,
. reckoning according to the situation of the 'places.

To make this matter still plainer, let us consider
the situation of any two particular places; for in-
stance, that of London and Paris. The meridian
of Paris is two degrees twenty minutes east of the
meridian of London; and this difference, reckon-
ing after the rate of fifteen degrees to an- hour, is
nine minutes and twenty seconds of time. When
it is noon at London, therefore, it will be nine
minutes and twenty seconds after neon at Paris;
and on the contrary, when it is twelve o'clock at
Paris, it will be only fifty minutes and forty seconds
after eleven at London : so that the clocks at Lon-
don, ought to be slower than those at Paris by nine
.minutes and twenty seconds. In like manner, the
meridian of New York, in North America, being
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seventy-four degrees nine minutes and forty-five
seconds west of that of London, the difference of
time at those places will be four hours fifty-six
minutes and thirty-nine seconds; so that when it
is noon at London, it is only three minutes and
twenty-one seconds after seven o’clock in the morns
ing at New York.

From these circumstances you will readily ob-
serve, that as places differ in longitude, or are si-
tuated under different meridians, so the clocks and
watches of those places, supposing them to be well
regulated, will show different hours at the same
moment of absolute time; a difference of fifteen
degrees in longitude, always producing a difference
of an hour in the time shown by those machines.
Knowing, therefore, the difference of time between
two clocks, or watches, well regulated, at different
places, it will be easy to find the difference of lon-
gitude of those places, by reckoning after the rate
of fifteen degrees for every hour, and a quarter of’
a degree for every minute.

The difference of time shown by the clocks and
watches of different places, will not appear in'the .
least surprising, when you consider, that whilst it
‘is noon with us, there are countries towards the
east, where the sun is just setting; and others to-
wards the west, where he is just rising ; so that it
is evening with the one, and morning with the other,
at the. same instant of absolute time that it is mid- ~
day with us. With our antipodes, or those who
live dlrectly opposite to us upon the globe, the dif-
ference is still greater: it is noon with us, when it



LET.X.] LATITUDE AND LONGITUDE. 151

is midaight with them, and noon with them when it
is midnight with us ; their time, as well as their si-
tuation, being always directly opposite to ours.
‘These considerations will clear the subject from al-
ambiguity, and you will now be able to perceive in
what way a clock or watch may be used to discover
the longitude.

Suppose I had a watch of such excellent work-
manship, that, being once regulated for that pur-
pose, it would always show me, in whatever part
of the world I might be, the exact time which it
was then at London; by means of such a watch,
I should be presently enabled to tell the longitude
of the place I was in. For this purpose, I have
only to-find when the sun comes to the meridian
of the place, or, which is the same thing, when he
. isexactly south ; and as I then know it to be twelve
o’clock at that place, the time thus found, being
compared with the time shown by my watch, and
the difference, turned into degrees and minutes,
will give the longitude of the place required.

To illustrate this by an example ; suppose I was
at Petersburg in Russia, and wanted to find the
longitude of that city from London. Not choos-
ing to trust to the common account of time, as itis |
shown by the clocks and watches at Petersburg, I
find when the sun comes to the meridian, and know
it to be then exactly twelve o’clock at that place.
At this moment I loek at my watch, and find that,
instead of its being twelve o’clock by that, it is
only nine hours fifty-eight minutes and forty-three
seconds. From this I conclude that, when it is
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noon at Pe'tersburg, it is- before noon at London,
and that the difference is two hours one minute
and seventeen seconds ; which, by allowing fifteen
degrees to an hour, answers to thirty degrees nine-
teen minutes and fifteen seconds. Since, there-

- fore, the longitude of every place is supposed to be

_reckoned from London, and the noon at Peters-
burg is found to arrive sooner than the noon at
London, 1 know the longitude of that city to be
thirty degrees nineteen minutes and fifteen secongs
east of London.

Instead of being in a place whose situation is
known, suppose I was upon the ocean, near the
coast of some country whose name I wanted to
discover, I determine the moment when it is
noon, in the same manner as before, and looking
at my watch, I find it to be five hours sevén mi-
nutes* and two seconds in the afternoon, at Lon-
don; from which I conclude, by allowing fifteen
“degrees to an hour, that I am in a place whose
longitude is seventy-six degrees forty-five minutes
- and a half west of London. By this means I know
precisely the meridian I am under; but I am yet
uncertain what particular part of that meridian it
is. To discover this, I find, by observing the
height of the sun at noon, that the latitude of the
place is eighteen degrees north of the equator ; and
- By looking into a map or chart, I find that the
place, having this latitude and lorigitude, is Port
Royal in Jamaica, which is therefore the coast
upon which I am arrived. '

In this easy manner the longitude of all other
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places might be discovered, provided the time-
keeper, or watch, was subject to no irregularities,
‘but always showed the time exactly as it would be
found at London, at the instant of observation.
This kind of accuracy, however, is what we cannot
reasonably hope to obtain; since every mechani-
cal instrument, to what degree of perfection soever
it may be brought, must be subject to injuries
from various causes. The irregular motions of a
ship at sea, and the different temperature of the
atmosphere in different climates, must, in particu-
lar, affect it considerably, and occasion errors which
seemn to admit of no adequate remedy.

It must be observed, however, that a great deal
.more has been done in this way than could possi-
‘bly have been expected. That excellent artist,
Mr. John Harrison, considered the subject with an
indefatigable and unwearied attention; and his in-
ventions for removing the imperfections to which
clock-work in general is liable, appeared to the
commissioners of longitude so deserving of en-
‘couragement, that they allowed him several consi-
derable gratuities, to enable him to bring his ideas
to perfection. From a trial of his watch, made in
the years 1761 and 1762, in a voyage to Jamaica,
it was found to have erred only one minute and
fifty-four seconds in about five months ; and in an-
other voyage to Barbadoes, the mean daily errer
was about two seconds and a half; for which dis-
covery, as it came within the meaning of the act,
the commissioners ordered him the sum of 10,000/.
And some time afterwards, in consequence of his
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explaining the principles of his time-keepers, in
such a manner as to enable others to make them
with the same accuracy, he received the remaining
moiety of the parliamentary reward.

Whilst Mr. Harrison was prosecuting this sub-
Ject in England, Messrs Le Roy, Berthoud, &c,
were engaged in the same pursuit in France; and
several time-pieces were accordingly executed by
them, which were found to merit the highest com-
mendations. Messrs. Arnold, Kendall, Mudge Ern-
shaw, and other eminent English artists, have also
made great improvements in this useful art; and fur-
nished a number of excellent chronometers, which
are now held in universal esteem. By a new act,
however, which was made in the year 1774, the
greatest reward which can now be obtained for the
discovery of the longitude, either by this, or any
other method, is 10,000/. and all time-pieces, which
are offered for this purpose, in future, are enjoined
a more rigorous trial.

If a watch, or time-keeper, like those above»
mentioned, cannot be procured, we have another
method for finding the longitude of places, afford-
ed us by eclipses of the moon. For since the moon
has no light but what she receives from the sun,

and the earth at those times is interposed between - -

them, she must, of course, be deprived of that light,
and become obscure. And as this obscurity is al-
ways real, arising from her being an opaque body,
it is plain that the phanomenon may be seen from
every part of the earth, where the moon is above
the horizon of the place at the time the eclipse
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happens. This, therefore, is precisely the thing
wanted ; since anyappearance that can be observed
at two distant places, at the same moment of abso-
lute time, will enable us to compare the time as it
is reckoned at those places, and, by that means, to_
find the meridians under which they are situated.
The moment when the moon begins to be ob-
scured, by entering into the earth’s shadow, is called
the beginning of the eclipse ; and the moment when
. she leaves the shadow, the end. Hence if each of
. these be properly observed, and a mean be taken
between them, this mean time is called the middle
of the eclipse. The moon is sometimes entirely
hid by the earth’s shadow, and is then quite invi-
sible. This is a total eclipse of themoon ; and, in
this case, the moment when she begins to disap-
pear, is ealled the beginning of total darkness; and
the moment when she begins to appear again, the
end. But when only a part of the moon is ob-
scured, the eclipse is called a partial one; and we
have then only to observe when it begins and ends.
Itisalso to be remarked, that these eclipses happen
only about the time of the full moon, and even then
. not often. .

From these circumstances it will readily appear,
that if an eclipse of the moon be observed at any
two places which lie under the same meridian, the
clocks of those places, supposing them to be per-
fectly true, will show either the beginning or the
end of the eclipse at the same time; but if the two
places lie under different meridians, the clocks of
those places will show the beginning or end to be
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at different times, according to their situations. An
eclipse of the moon, therefore, being observed from
any two places whatever, will furnish us with the
means of discovering the longitude of those places.
If, for instance, the time-pieces of one place, show
“the beginning of the eclipse to be at twelve o’clock,
and the time-pieces of the other, at one, the diffe-
rence of longitude between these two places will
cvidently be fifteen degrees ; and so on, in the same
proportion.
It will be necessary to remark, however, that
these observations must be compared with those
.made at a place whose longitude is known, before
we can determine the meridian under which we are
situated. So that if I am upon some unknown
part of the globe, the longitude of which I am de-
sirous of discovering, and have an opportunity of
making observations on an eclipse of the moon,
these observations will be of no service to me, un-
less I ean compare them with those made at Lon-
don, or some other place whose situation is known.
Some farther assistance is therefore requisite ; for
if I am obliged to wait till I return to London, it
would not answer my purpose, as I want to inform -
myself upon the spot. .
To obtain this informnation, we must have re-
course to the theory of the moon, which is now so
well understood, that we are not only able to fore-
tel all the lunar eclipses that will happen in any
given time, but can also calculate the beginning
and end of those.eclipses to the greatest degree of
_precision.  In most of our common almanacs, they

~
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may be found according to the time at which they
will happen at London; and in seme other per-
formances of this kind, they are computed for se-
veral years to come. In order, therefore, to find
the longitude of any unknown place, in which I may
happen to be, I have only to provide myself with
one of these almanacs ; and by comparing the time
of the beginning or end of an eclipse, with the time
as it is calculated for London, I can immediately
find the différence between the meridian of London
and that under which I am situated.

This method is, however, subject to several ob-
jections. Eclipses of the moon happen too seldom,
to be of any great service at sea; and, therefore,
as the mariner is'almost constantly in want of in-

“formation, he must make use of some other means
for obtaining it. Besides this, the beginning and
end of an eclipse cannot be distinguished with suf-
ficient exactness to be fully relied upon by the
navigator; for as they arrive almost insensibly, it
frequently happens, that we cannot be sure of hav-:
ing obtained the true time, to within less than two
or three minutes. But as the error must be nearly
the same for the beginning as the end, it may, in
some measure, be avoided, by taking the mean time
between the two observations, and comparing it
with that shown by the almanac.

Eclipses of the sun, and occultations of the hxed
stars, may likewise be employed for determining -
the longitude of places; butina different manner
from those of the moon, and by means of calcula-
tions that arc too difficult and perplexmg to admit
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of a‘familiar explanation. The reason of which is,
that the sun is subject to no real deprivation of his
light, but is only partially obscured by the interpo-
sition of the moon, which being now between the
.sun and the earth, prevents his rays from reaching
us as at other times. The moon, likewise, appears
to obscure the sun only to the inhabitants of some
particular places, so that a sofar eclipse may fre-
quently be observed at London, while at Paris there
is not the least indication of such a phsenomenon.
. On the contrary, the moon is really deprived of her
light, by the interposition of the earth, and, conse-
quently, an appearance of this kind, may be seen
at all places, where the moon is above the horizon
at the time the eclipse happens.

From what has been said, you will easily per-
ceive, that if any other of the celestial bodies were,
from time to time, really deprived of their lght,
they might be employed to determine the longi-
tude of places with the same success as eclipses
of the moon. The satellites of Jupiter are bodies
of this kind, whose eclipses afford us more frequent
means of information than those of the moon : they
Ppass so often into the shadow of that planet, that
there is scarcely a night in which one or other of
them is not eclipsed ; and as they appear and dis-
appear almost instantaneously, the time of the
phenomenon, by means of a good telescope, may
be much more accurately observed. The first and
second satellites are esteemed the best for this pur-
pose ; for, besides that their theories are more ac-
curately settled, they are quicker in their motions
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than either of the rest, and will, therefore, be more
frequently eclipsed.

Jupiter, as [ have already informed you, has
four satellites, or moons, which revolve round him
in different orbits, in the same manner as the moon .
revolves round the earth. A simple inspection of
Pl.1v. fig. 13. will give you a perfect ides of the
manoer in which these satellites are eclipsed. s
represents the sun, 3 Jupiter, ss his shadow, and
1,2, 3, 4, the satellites, according to the order in
which they move. When either of them enters
into the shadow ss, it becomes immediately invisi-
ble; and the moment when it disappears, is called
the immersion of that satellite. After being for some
time totally hid from our sight, it again instantly
appears on the contrary side of the shadow; and
the moment when it becomes visible, is called the’
emersion of the satellite.

The immersions and emersions are both equally
proper for determining the longitude; for as the
appearances are the same at all places, where Ju-
piter is at a sufficient height above the horizon, the
difference of time shown by the clocks and watches
of those places, at the moment when either of these
appearances are observed, will show the meridians
under which they are situated. We have tables,
ready calculated, to show the time when these
eclipses will happen for the meridian of Green-
wich, to a great degree of precision. Suppose
now, an observer, who is provided with these
tables, a good telescope, and a well regulated clock,
has an oppertunity of observing either the begin-
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ning or end of an eclipse of one of Jupiter’s moons,
from any part of the earth, where he may happen
to be ; he has only to note the precise time, at that
place, when the satellite immerges into, or emerges
out of Jupiter’s shadow, and this time compared
with that which is shown by the tables for Green-
wich, will give the longitude required.

These eclipses are very convenient for finding
the longitude at land, because they happen almost
every day when Jupiter is visible; but unfor-
tunately they are but of little use at sea, where a
knowledge of this kind is'most wanted ; the rolling
of the ship rendering it impossible to make nice
telescopical observations with any degree of accu-
racy. If we could see the satellites of Jupiter
with the naked eye, as well as we can the moon,
~ the method would be attended with no difficulty ; it
might be practised by any common sailor on board,
and the longitude would then be found with nearly
as much ease and certainty as the latitude. We.
have several methods for finding the apparent time
at any place by celestial observations ; and if a good
pocket watch be previously regulated by these
means, the difference between the time when the
ph®nomenon happens, as shown by the watch, and
the time as shown by the tables, being converted
into degrees, by allowing fifteen to an hour, will
give the longitude of the place from London.

Several attempts have becn made to adapt tele-
scopes to the purposes of marine observations, but
they have all hitherto failed of success; and there
is reason to fear, that the obstacles which stand in



LET.X.] LATITUDE AND LONGITUDE." 161

the way of this improvement are such as cannot
be removed.  One of the methods which have been
proposed for rendering the use of the telescope:
easy on board a ship, is by fixing a chair. in such
a manner that it shall not be agitated by the mo-
tions of the vessel; and if this could be accom-:
plished, it would then be as easy to observe an.
eclipse at sea as at land. - The late ingenious. Mr.
Irwin, contrived a machine of this kind, and' laid
claim to the parliamentary reward offered for the.
discovery of the longitude ; but as it was judged to.
be defective, his hopes were disappointed, and his
invention of course neglected.

Such are the difficulties with which this 1mportant
subject is perplexed and embarrassed, - that all the
resources of art and genius have hitherto. been in-
effectual to remove them. By applying to the
heavens, however, we have another method afforded
us, which, although it be attended with some dif-
ficulties, is that in which astronomers at present
have the greatest confidence, and hopes of success.
This method is likewise derived from observations
on the moon, not when she is eelipsed, but at any
time whatever, when she is visible above the hori-
zon of the place where the observations are to be
made. Eclipses of the moon happen too seldom
to.be of any great service at sea, and the planet
Jupiter is, for a great part of the year, invisible
but.the moon is almost continually offering herself
to our view. This method, therefore, appears to
be better adapted to general use than any that has
yet been discovered. : : :

M
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The moon rises about three quarters of an hour
later every day than upon the preceding one; and
as she changes her place considerably, from day to
day, among the stars, these changes become proper
for determining the longitude. If, for instance, the
moon be observed to-day to be near any fixed star,
she will appear to-morrow, at the same hour, to
be at a considerable distance from it, towards the
east ; afid, therefore, this motion, which, in some
cases, is more than fifteen degrees in a day, will
serve to mark any small portions of correspondent
time with sufficient exactness. Now if the dis-
tance of the moon from any fixed star, together
with the exact time, be observed at sea, and the
time when it has the same distance be computed
for the meridian of Greenwich, the difference be-
tween the computed time and the observed time,
- being turned into degrees, minutes, &c. will give
the difference of longitude required.

In the Nautical Almanac, a work printed uader
the authority of the commissioners of longitude,
for the purpose of facilitatingastronomical compu-
tations, the distances of the meeon from the sun,
~ and from certain fixed stars, are ready computed
for every day atnoon, and every three hours after-
wards, for the meridian of Greenwich ; with a rule
for finding the time, answering to any given dis-
tance whatever. Suppose now, that I am at sea,
and want to find the longitude of the plaee I am in:
I choose some remarkable fixed star, whose name
and situation is known, end find, with a quadrant,
the angular distance between that star aad tbe
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moon ; and by a watch, previously regalated for
that purpose, the exact time when the observation
was made. This being done, I look into the alma-
nac, and find what time it is at Greenwich when
the moon and star have the same distance ; and this’
time, being compared with the time of observation,
will, by allowing fifteen degrees to an hour, give
the longitude of the place required.

The names and places of some of the brightest fixed
stars, areto be found in a work entitled, ¢ Tables re-
quisite to be used with the Nautical Almanae,” to-
gether with the methods mede use of for obtaining
their true distances from the moon at the time of .
observation. For it is to be noted, that the dis.
tance found by the quadrant, is not that which is to
be used in determining the longitude, but the dis-
tance as it would appear to a spectator placed at
the earth’s centre. This is the digtance as it is com-
puted for Greenwich ; and in order that they may
agree, it must be determined in the same manner
for the place of observation. The necessity of these
operations will be sufficiently obvious, from the
consideration of the earth’s being a globe; but as
the caleulations upon which they depend, are de-
duced from the principles of spherical trigonome-
try, they can only be understood by those who have
& knowledge of that subject.

This last method of finding thelongnude, which
s founded upon observations of the moon, is, by
the general consent of astronomers, the best that
kas yet been discovered. And though it may not
be easily practised by every ¢common mariner, yet
‘ M2
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to a person of skill and abilities, the time and la-
bour it requires are the principal objections against
it. But as the success of any method, must de-
pend upon the accuracy with which it can be prac-
tised, it may not be amiss to give you some idea of
the degree of precision that we may hope to ob-
tain in finding the longitude from lunar observa-
tions ; or, which is the same thing, by taking the
distance between the sun and moon, or between
the moon and some remarkable fixed star.

In the first place then it may be observed, that
the moen’s daily motion in her orbit beingabout
thirteen degrees, her hourly mean motion is aboyt
half a degree, or one minute of a degree in two
minutes of time; so thatif an error of one minute
be committed in calculating the place of the moon,
it will produce an error of two minutes in time, or
balf a degree of longitude. If the motion of the
moon was more rapid than it is, it would afford us
the means of attaining a still greater degree of per<
fection ; and, on the contrary, if her motion was
slower, so that we could scarcely discern her
change of place from one day to another, we could
receive no advantage from it in discovering the
longitude. _

It was not till within half a century past, that
astronomers were able to calculate the place of the
moon to within less than six or seven minutes of
the truth; which error was so considerable, that
~ no use could be made of lunar observations in dis- .
covering the longitude, either at sea or land. Sir
Isaac Newton was the first who discovered the
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true cause of the inequalities in the moon’s motion,
which before his time were considered as inexpli-
cable ; and from the theory he has laid down, lunar -
tables are now computed with such extreme accu-
racy, that the place of the moon may be determined
in any part of her orbit, to within less than a mi-
nute of the truth.(k) ) :
But, besides the error here noted, several others
wxll be apt to arise from the instrument and the
observations. The most experienced observer
cannot be sure that he has obtained the true lunar
distance to within less than half a minute of the
truth at least, and this, joined to the former one,
~ will produce in the whole a mistake of three mi-
nutes in time, which is equivalent to three quarters .
*of a degree of longitude. It will, however, con-
duce to a still greater degree of accuracy, if the
moon’s distance be taken from two stars, or from
the sun and a star on each side of her, as often
as opportunity permits; for as the imperfec-
tions of the instrument, as well as unavoidable
small errors which attend the use of it, have a na-
tural tendency to correct each other, the mean re-
sult, arising from these different observations, will
generally be much nearer the truth than if either of
. them be taken separately.
This method of determining the longitude, by

(k) The most accurate tables of this kind are those of Bourg,
published at Paris under the direction of the board of longi-
tude, and since in English by professor Vxnce, in vol. iv. of
his Astronomy
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means of the moon’s distance from the sun and
certain fixed stars, was first recommended, for its
superior excellence, by the celebrated Dr. Halley,
-and has since been adopted by all the most eminent
astronomers in Europe. The perfection, however,
to which it is now arrived, is, in a great measure,
owing to the exertions of Dr. Maskelyne, the late.
Astronomer Royal, to whom we are indebted for
the publication of the Nautical Almanac, the Re-
quisite Tables, and several other useful perform-
ances, which have been found of the utmost service
- to navigation. '
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LETTER XL

OF THE DIFFERENT LENGTHS OF DAYS AND NIGHTS,
AND THE VICISSITUDES OF THE SEASONS.

Narture is always grand in her designs, but frugal
in the execution of them : sublimity and simplicity
are the striking characteristics of her operations.
From a few simple principles she produces the
‘most astonishing effects, and charms us no less by
the infinite diversity of her operations, than by the
skill and contrivance which are manifested in the
performance of them. The sun, moon, planets
and stars, are all governed by the same invariable
laws ; the single principle of gravitation pervades
the whole umverse, and puts every spring and
wheel of it in motion. From the indiscernible
atom, to the vast and immeasurable luminaries of
heaven, every thing is subject to its dominating in-
fluence; and from this active, invisible, and invi-
gorating agent, proceeds all that order, harmony,
beauty and variety, which so eminently distin-
guishes the works of creation.

But of all the effects resulting from this admir-
able scene of things, nothing can be more pleasing
and agreeable to a philosophic mind, than the al-
ternate succession of day and night, and the regu-
lar return of the seasons. :

“ Sweet is the breath of morn,
And sweet the coming on of grateful evening mild.”

When the sun first appears in the horizon, all na-
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ture is animated by his presence ; the magnificent
theatre of the universe opens gradually to our
view, and every object around us excites ideas of
pleasure, admiration and wonder. After “riding
in all his brightness” through the vault of heaven,
he is agajn hid from our sight, and we are now
presented with a new spectacle of equal grandeur
and sublimity. The heavens are on a sudden
.covered with innumerable stars; the moon rising
in clouded majesty, unveils her peerless light;”
whilst ‘the silent solemnity of the scene, fills the
mind with sentiments and ideas beyond the power
of language to express,

Variety is the source of every pleasure ; and the
bountiful Author of nature, in the magnificent dis-
play of his wisdom and power, has afforded us
every possible means of entertainment and instruc-
tion. What a pleasing succession of scenes results
from the gradual vicissitudes of the seasons? Sum-
mer, winter, spring and autumn, lead us insensij-
bly through the varied circle of the year; and are
no less pleasing to the mind, than necessary towards
bringing to maturity the various productions of the
earth. Whether the sun flames in the solstice, or
pours his mild effulgence from the equator, we
equally rejoice in his presence, and bless that om-
niscient Being who gave him his appointed course,
and prescribed the bounds which he can never
pass. . :

These pheenomena depend upon the most simple
and evident principles ; and as you will naturally
be desirous of knowing in what way they are effect-
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ed, I shall omit all further digressions, and pro-

ceed immediately to the illustration of the subject.

In the first place, then, it is to be observed, that the

alternate succession of day and night is occasioned

merely by thé uniform rotation of the earth upon

its axis. For, as the globe turns regularly round -
upon this imaginary line, once in every twenty-four

hours, and only one half of it can be illuminated

at a time, it is evident that any particular place

will sometimes be turned towards the sun, and -
sometimes from it, and being constantly subject to
- these various positions, will enjoy a regular return
of light and darkness ; as long as the place con-
tinues in the enlightened hemisphere it will be day,

and when, by the diurnal rotation of the earth, it is
carried into the dark hemisphere, it will be night.

- The motion of the earth upon its axis, is from
west to east; and this occasions an apparent mo-
tion of the celestial bodies in a contrary direction.

The sun, for instance, seems to make his daily pro-
gress through the heavens from the east towards
the west; but this is an optical delusion, arising
from the opposite motion of the earth : for a spec-
. tator being placed in any part of the dark hemi-
sphere, will, by the rotation of the earth upon its
axis, be brought gradually into the enlightened
one; and as the sun first appears to him in the
east, it will seem to ascend higher and higher to-

wards the west, in proportion as the spectator
moves in a contrary diréction towards the east: so
that whether the earth turns round upon its axis
once in twenty-four hours, or whether the sun and
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all the other celestial bodies, move round the
earth in that time, the appearances will be exactly
the same.

Every planet, whose situation is such as to ad.
mit of the necessary observations to be made on it,
bas been found to have a revolution upon its axis ;
and as this revolution is the cause of a constant
succession of day and night to every part of their
surfaces, so an inclination of the axis of any planet
to the plane of its orbit, occasions the vicissitudes
of the seasons. Thus, Jupiter, whose axis is nearly
perpendicular to the plane of his orbit, has equal
days and nights continually, from one pole to the
other; their length being each four hours and
twenty-eight minutes: but Venus, the Earth, and
also Mars, according to the late discoveries of Dr.
Herschel, having their axes inclined to the planes of
‘their orbits, in an angle considerably less than that
of ninety degrees, are subject to an annual change
of their seasons, and to a great variety in the length
of their days and nights.

~ As only one half of the globe can be enlightened
at a time, the circle which is the boundary of light
and darkness may be called the terminator ; and it
is evident, from a slight consideration of the sub-
ject, that if the axis of the earth was perpendicular
to the plane of its orbit, the terminator would pass
"through the two poles, and divide each of the small
circles, which are drawn parallel to the equator,
into two equal parts. And as the uniform rotation
of the earth upon its axis, must occasion every
place to describe equal parts of one of these parallel

~
-~
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circles in equal times, the days and nights would, of
course, be equal all over the globe, except at the
poles, where the sun would neither rise nor set, but
remain continually in the horizon.

But, on the contrary, if the axis of the earth be
inclined to the plane of its orbit, all the parallels,
except the equator, will be divided by the termi-
nator into two unequal parts, having a greater or
less portion of their circumferences in the enlight-
ened, than in the dark hemisphere, according to
their respective situations on the globe, and the
place of the earth in its orbit. So that those places
situated in either hemisphere, which have their
pole turned towards the sun, will have their days
longer than their nights ; and on the contrary, those
places which lie in the opposite hemisphere, will
have their nights longer than their days; whilst at
the equator, the days and nights will be continually
equal to each other.

But since the axis of the earth always remains
parallel to itself, when the earth is in the opposite:
point of its erbit, the contrary pole will be turned
towards the sun, and the parallels will be still un-
equally divided by the terminator; but the pheeno-
mena will be directly the contrary ; all those places
situated within the latter hemisphere, will now
have their days longer than their nights, whilst
those in the former will have their nights longer
than their days; the days and nights at the equator
being equal to each other, the same as before.
And, as the disproportion is greatest in the higher
latitudes, it is evident, that in either of these two
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positions of the earth, all those places which lie
about the poles, must enjoy either a constant day
or a constant night, since the diurnal rotation of
the earth never carries them into the opposite
hemisphere.

These observations being properly attended to,
it will be easy to account for all the inequalities in
the length of days and nights, and the change of
seasons which arises from them. For this pur-.
pose, let s (PL. v.) represent the. sun, ABcD the
earth’s orbit, xs her axis, and the figures distin-
guished by the months March, June, September
and December, four different positions of the earth
in her annual motion round the sun. Then, since
it is known from observation, that the axis of the
earth is always directed to nearly the'same fixed
point in the heavens, it will constantly preserve
the same position, and be always in a situation
parallel to itself, in whatever part of its orbit the
earth may be, in the course of its journey round
the sun.

Suppose now, the earth to be in the situation
which is represented by the month March; then,
because a right line joining the centres of the sun
and earth; will cut the surface of the earth in the
equator, the terminator will pass through the two
poles, and the days and nights will consequently
be equal all over the globe. But when the earth, .
by its annual motion, is carried farther in its orbit
towards A, the north pole N, of the axis, still con-
tinuing to observe the same parallel situation, will
advance into the enlightened hemisphere, and, in



LET.X1.] AND OF THE S8EASONS. . 178

the month of Juune, will be about twenty-three de-
grees and a half distant from the terminator, the
south pole being at the same distance in the dark
hemisphere. In the month of June, therefore, the
northern parts of the earth will enjoy long days and
summer, whilst the southern parts will have short
days and winter. ‘

- During the interval between the time of equal
days and nights in March, which is called the Ver-
nal Equinox, and the time when the day is the
longest in June, which is called the Summer
Solstice, the north pole will have described a quar-
ter of a circle in the enlightened hemisphere, and
will then be at its greatest distance from the boun-
dary of light and darkness. And whilst the earth -
moves forward in its orbit towards B, the days will
gradually shorten, till it arrives at the position de-
noted by the manth September, when, as the north
pole has now described the other quarter of the
circle, the terminator will again pass through the
two poles, and the days and nights will be equal,
as before.

This last situation of the earth is called the Au-
tumnal Equinox, and the season is now a medium
between summer and winter. And as the earth
proceeds forwards in her orbit towards b, the days
will shorten till December, when the north pole
will be just as far in the dark hemisphere as it was
in the enlightened one in June; at which time it is
called the Winter Solstice. From the winter
solstice, to the vernal equinox, the days will gra-
dually lengthen, as the north pole approaches the
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terminator ; and at the instant when it has again
obtained that situation, the natural year, which
consists of three hundred and sixty-five days, five
hours and about forty-eight minutes, is exactly
completed.

By the same explication, it is easy to perceive,
that the inhabitants of the southern hemisphere
must have the same vicissitudes with those in the
northern, but in a contrary order, it being winter in
one hemisphere whilst it is summer in the other.
But lest this explanation of the subject should not
be found sufficiently intelligible, I shall give you
one of the most simple experimental illustrations of
it I have yet seen; which is taken, with a few al-
terations, from Ferguson's Astronomy, where it ap--
pears to have been first proposed.

Take about seven feet of strong wire, and bend
it into the circular form abcd, (Pl.v1.) which, in
consequence of its being viewed obliquely, will ap-
pear elliptical, as in the figure. Placea lighted candle
on a table, and having fixed the end of a silk thread
K, to a small terrestrial globe H, of about three
inches in diameter, cause another  person to hold
the wire circle abcd, so that it may be parallel to
the table, and of the same height with the flame of
. the candle 1, which should be nearly in the centre
of the table.

Having twisted the thread towards the left hand,
so that by its untwisting again, it may turn the
globe eastward, or contrary to the way which the
- hands of a watch move, suspend the globe by the
thread, within this circle, almost contiguous to it ;
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and as the thread untwists, the globe, which is en-
lightened half round by the candle, as the earth is
by the sun, will turn round its axis, and the diffe-
rent places upon its surface, will be carried through
the light and dark hemispheres, and have the ap«
pearance of a regular succession of day and night,
in the same manner as would take place upon the
earth, by means of such a motion.

As the globe turns by the untwisting of the
string, move your hand slowly round the candle,
according to the order of the letters abcd, keeping
its centre continually even with the wire circle, and
you will perceive that the candle, being still per-
pendicular to the equator, will enlighten the globe
from pole to pole, through the whole of its motion
round the circle; and that every place on the globe
goes equally through the light and dark bemi-
spheres, as it turns round by the untwisting of the
string, and has, therefore, a perpetual equinox, or
an equal portion of day and night.

- The globe turning in this manner, represents the
rotation of the earth upon its axis, and the motion
of the globe round the candle the earth’s annual re-
volution round the sun: it also shows, that if
the axis of the earth had no inclination to the plane
of its orbit, all the days and nights in the year
would be equally long, and of course that there
would be no variety of the seasons. This is exactly
what would take place, if the earth moved in the
equator instead of the ecliptic ; but as that is not
the case, we shall now see what effects will follow
from its true motion in the circle last mentioned.
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Desire the person who manages the wire circle
to hold it obliquely, in the position ABcp, raising
the side e just as much as he depresses the side »s,
that the flame may be still in the plane of the cir-
cle; and, twisting the thread as before, that the
globe may turn round its axis the same way that

_you carry it reund the candle, that is, from west to
east, let the globe down into the lowermost part of
the wire circle at 3¢ ; and, if the circle be properly
inclined, the candle will shine perpendicularly on
the tropic of Cancer, and the frigid zone, lying
within the arctic or north polar circle, will be en-
tirely in the light, as in the figure ; and will always
continue to be so, though the globe turn round its
axis ever so often.

In this position of the globe, it is also evxdent
that all the places which lie between the equator
and the north polar circle, have their days longer
than their nights ; and that all those places which
lie between the equator and the -south polar circle
have just the reverse. The sun does not set to any
part of the north frigid zone, as is shown by the
candle’s continually shining on it, so that the mo-
tion of the globe can carry no part of that zone into
the dark; and, at the same time, the south frigid
zone is involved in darkness, as: the revolution of
the globe can bring no part of it into the light.

If the earth were to continue in this part of its
orbit, the sun would never set to the inhabitants of
the north frigid zone, nor rise to those of the south
frigid zone. At the equator it would always be
equal day and night; and at places more distant
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from the equator, towards the arctic circle, they
would have their days longer than their nights,
“whilst those on the south side of the equator would
have their nights longer than their days; so that
in this case, there would be continual summer on
the north side of the equator, and continual winter
on the south side of it.

But as the globe turns round its axis, move your
rhand slowly forwards, so as to carry it from u to-

wards g, and ‘the boundary of light and darkness
will then approach towards the north pole, and re-
cede from the south pole ; the northern places will
go through less and’ less of the light, and the
southern places through more and more of it;
‘which shows how the northern days decrease in
length, and the southern days increase, whilst the
g!obe proceeds from H to E.

When the globe is at &, it is at a mean situation
~between the lowest and highest parts of its orbit;
- the candle is directly over the equator; the boun-
dary of light and darkness just, reaches to both the
poles; and - all places- on the globe go equally
through the light and dark hemispheres; which
shows that the days and nights are then equal on
every part of the earth, the poles only excepted ;.
-and there, it is evident, the sun is setting to the
‘north pole, whilst he is rising to the south pole.

- Continue moving the globe forward, and as it
goes through the quarter A, the north pole will re-
cede farther into the dark hemisphere, and the south
pole advance more into the light, as the globe.
comes nearer to ©; and when the centre of it is

N
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at ¥, the candle will be directly over the tropic of
Capricorn; so that the days are then at the shortest,
and nights at the longest in every part of that hemi-
sphere, from the equator to the arctic circle; and
the reverse in the southern hemisphere, from the
equator to theantarctic circle; within which circles;
it is dark to the north frigid zone, and light to the
south.

Continue both motions as before, and as the
globe moves through the quarter B, the north pole
advances towards the light, and the south pole re-
cedes towards the dark; the days lengthen in the
northern hemisphere, and shorten in the southern;
and when the globe comes to G, the candle will be
again over the equator, as it was at E, and the days
and nights will be equal as before; so that the
north pole will be just coming into the light, and
the south pole going out of it.

From this experiment, we see the reason why the
days lengthen and shorten from the equator to the
polar circles every year; why there is sometimes
no day or night for many revolutions of the earth,
within the polar circles; and why the days and
nights are equally long all the year round at the
equator, which is always equally cut by the termi-
nator, or the circle which is the boundary of light
and darkness.—All this beautifal variety is oc-
casioned by the inclination of the earth’s axis to
the plane of its orbit.

¢ Some say he bid his angels turn askance
The poles of earth twice ten degrees and more
From the sun’s axle: they, with labour, push’d
Ollique the central globe.” MirTox.
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The earth’s orbit being elliptical, and the sua
constantly keepiug in one and the same focus, which
is-about one million three hundred and seventy-
seven thousand miles from the centre, the earth
will, therefore, be two million seven hundred and
fifty-four thousand miles nearer to the sun, at ene
time of the year than at another; and as the sua
appears constantly larger, or under a greater angle
in winter thanin summer, it is evident that the
earth must be nearer to the sun in the foriner sea-
son than in the latter. But here this question will
naturally arise; Why have not we the hottest wea-
ther when we are nearest to the sun? The earth
is above two millions of miles nearer to the sun in
December than it is in June, and yet in Juneit is
the middle of summer, and in December the depth
of winter; this seems a paradox.

In answer to this apparent contradiction, it may
be observed, that the excentricity of the earth’s
orbit, or one million three hundred and seventy-
seven thousand miles, bears no greater proportion
to her mean distance from the sun, than seventeen
does to une thousand, and therefore can occasion
but little difference in the heat and cold of different
seasons. But the principal cause of this difference
is, that the sun’s rays, in winter, fall so obliquely
upon us, and have so large a portion of the atmo-
sphere to pass through, that they come with less
force, and spread over a larger space than they do
in summer, or when the sun is at a greater height
above the horizon. In the winter long nights, we
have also a greater degree of cold than can be com-

N2
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pensated for by the return of heat in the short days;
and on both these accounts the cold will be much
increased. Whereas in summer, the sun’s rays de-
scend more perpendicularly upon us, and there-
fore fall with a greater force, and in a greater quan-
tity, upon any particular place, than when they
come more obliquely. The sun is also muchlonger
‘above the horizon than in winter, and, consequent-
ly; a greater degree of heat will be imparted by
day, than can fly off by mght 8o that the heat, on
all these accounts, will continue to increase.
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LETTER XIL

OF THE NATURAL AND ARTIFICIAL DIVISIONS OF
TIME.

-THE more we extend our views, the more we are
perplexed and embarrassed. Things which once
appeared the most familiar to our understandings,
are now hid under an impenetrable veil, and be-
come totally mysterious and inexplicable. Educa-
tion is a new birth to man; but, with all the ad-
vantages that art and nature can bestow, heis still
a limited and confined being. Numberless are the
‘questions that may be put to the most profound
philosopher, which, if he be ingenuous, he must
~confess his entire inability to resolve. What, for
instance, is time, space, matter, or motion? Every
" one, who speaks of these things, imagines himself
-to be clearly understood, even' by the most illite-
-rate; and yet if you require an explanation of
-the question, no one is able to give a rational an-
swer to it.- ' :
If nobody asksme, said St. Augustine, what time
is, I know; but if any body ‘asks me, I do not
know. Another philosopher being desired to ex-
-plain the natuve of motion, got up and walked. I
-cannot define it, said he, but I’ll show you the
_ thing itself. But of all the definitions that ever
~were given of motion, that of Aristotle is the most
‘curious ; who'tells us that itis ‘“the act of a being
“in power, as far as it is in-power;” which, as Mr,
Locke observes, is such a jargon, as would puzzle



182 =~ NATURAL AND ARTIFICIAL [LET.XI1I

any rational person, who had not before heard it,
to guess what word it could possibly be meant to
explain,

Mr. Leibnitz defines time to be “an order of
successions, as space is an order of coexistences;”
and Hobbes, who is still more refined in his notions,
calls space the “phantasm of a thing existing, as
existing.” What sort of satisfaction or conviction,
these definitions afford the mind, you will readily
perceive, by consulting your own bosom. The
fact is, they are wholly unintelligible, and instead
of conveying any clear ideas of the subject, serve
only to render our simple and common notions of
it more perplexed and obscure. No knowledge
can be obtained from a definition, but when the
terms made use of in the explication of it, are
better understood than the thing itself ; and that
this is not the case in the present instance, is pretty

- obvious. The nature of time, is, indeed, so intri-
cate, that, to me, it appears incapable of admit-
ting a clear and explicit definition.. We must ex-
plain it by means of the terms space, matter, and
motion, and these are all equally mystenous and
ambiguous.

The notion we attempt to.form: of Eternity, has
ever been considered as one.of the most perplex-
ing and embarrassing conceptions of the humen
mind ; but some modern speculators in metaphy-
sical subtilties, pretend that there :is nothing of
which we have a more clear and determinate idea;
and, with respect to time, thay deny that there is
any such thing; it being, as they say, only a par- -
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ticular medification of eternity, and has no distinct
conceivable existence, independent of the subject
of which it is an attribute or property. This is as
much as to say, that finitude is more incomprehen-
sible than infinitude; and that motion, which is
the measure of time, cannot be conceived without
it be first represented to the mind as being per-
petual. S

Dr. Young, in his melancholy rhapsody the
Night Thoughts, has some curious poetical ideas
‘upon this subject : he calls time heaven’s stranger,
and represents it as being born at the creation of
the world.

¢ That memorable hour of wondrous birth,

When the dread Sire, on emanation bent,

And big with nature, rising in his might

Call'd forth creation, (for then time was born)

By godhead streaming through a thousand worlds.”
And again: ' -

“¢ From old eternity’s mysterious orb,
Was time cut off, and cast beneath the skies ;
The skies, which watch him in his new abode,
Measuring his motions by revolving spheres ;
That horologe machinery divine.
Hours, days, and months, and years, his children, play
Like numerous wings around him, as he flies:
Or rather, as unequal plumes, they shape
His ample pinions, swift as darted flame,
To gain his goal, to-reach his ancient rest,
And join anew. eternity- his sire,”

What is to: be understood from this passage it is
not: easy to say. The bock, however, contains
much better thirgs; some of his thoughts being
bighly-sublime and:poetical: but his philosophical
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fiotions are, in general, affectedly inysterious and
obscure.

- I have mentioned these things, merely to show
you what insuperable difficulties we have to ens
counter, when we attempt to carry our speculations
and enquiries beyond their assigned bounds. Pro-
. perties and effects are all that we are acquainted
with : the nature and causes of things are entirely
hid from us, and it is in vain to seek after them. .
The celebrated Maclaurin, whose mind was as
elegant and refined, as it was penetrating and com-
prehensive, does not, whilst he is treating on this
subject, attempt to give a strict and scientific de-
finition of time. -After making a number of judi-
cious observations upon the certainty we have of
our own existence, and the manner in which ex-
ternal objects act upon the mind, he expresses him-
self as follows.

“ From the succession of our own 1deas, and
from the successive variations of external objects
in the course of nature, we easily acquire the ideas
of duration and time, and of their measures. We
conceive true or absolute time, to flow uniformly
in an unchangeable course, which alone serves to
measure with exactness the changes of all other
things. For unless we correct the vulgar measures

of time, which are gross and inaccurate, by -proper

" equations, the conclusions are always found to be
ipcorrect and erroneous. Time.may be conceived
to be divided into successive parts-that may be less
and less without end, though, : with.respect to-any
one payticulgrbeing, there may:be aleest sensible
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time, as well as a minimum sensibile in other mag-
nitudes. But however various the flux of time may
appear to different intellectual beings, it cannot be
thought to depend upon the ideas of any created
being whatever.”

Time is in a perpetual flux, and perishing ; but
a representation of it is preserved in the space de-
scribed by motion. As the sun, therefore, is the
most conspicuous body in our system, and appears
to move regularly through the heavens, his motion
is naturally fixed upon as one of the properest -
aneasures of time that is afforded us by nature. It
is by means of his apparent diurnal and annual re-
volutions, that we obtain the two grand divisions of
time, into days and .years; and thence all the dif-
ferent periods that areat present in use. The first
division of the day was simply into four parts,
" morning, noon, evening, and midnight; butas these
measures are vague and uncertain, art has been
called in to our assistance, and bas furnished us
with instruments, by which we are enabled to mea-
sure small .intervals of time with greater preci-
sion. :

In like manner, by combining the revolutions of
the sun and moon we embrace the larger intervals,
and, by that means, form an idea.of those. grand
periods of . time, which, :by.a continpal and rapid
~-succession, have given birth to so many.great
" ewents. But as these depend upon principles,
~which.will be better explained hereafter, I shal
content myself,. at present, . with only pointing, out
' to.you such other. divisions, as.arise. from astrono-
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mical considerations, and which are principally
used in that science. In all civil computations, a
day is usually divided into twenty-four hours,
reckoning twelve from midnight to noon, and twelve
from noon to midnight again; but an astronomi-
cal day, is the interval between noon and noon, or
the time elapsed between two successive transits of
the sun’s centre over the same meridian. This
day is also divided into twenty-four hours like the
former; but instead of stopping at twelve, as in
the civil account, astronomers always reckon on
from one to twenty-four, without interruption; se
that, for instance, what is called seven o’clock in
the morning of April the tenth, by the civil reckon-
ing, is called, by astronomers, April the ninth, at
nineteen hours.

The sun, as bas been already observed appears
to go round the earth in twenty-four hours, and the
fixed stars in twenty-three hours, fifty-six minutes
and four seconds; so that they are found to gain
three minutes and fifty-six seconds upon the sun
every day ; which amounts to one diurnal revolu-
tion in a year: and, therefore, in three hundred
and sixty-five days, as measured by the returns of
the sun to. the meridian, there are three hundred
and sixty-six days, as measured. by the returns of
the stars to the meridian ; the.former of which are
called Solar days, and the latter sidereal. This, dif-
ference between'the salar and sidereal days, is oe-
easioned by the immense distance of the fixed stars;
for the earth’s orbit, when eompared with thisdie
tance, i but as a poiat; and therefore: any merir
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dian will revolve from a fixed star, to that star
again, in exactly the same time as if the earth had
only a diurnal motion, and was to remain for ever
in the same part of its orbit. :

But this is not the case with respect to the sun;
for as the earth advances almost a degree eastward
in its orbit, in the same time that it turns eastward
round its axis, or completes its diurnal revolution,
whatever star passes over the meridian any day
with the sun, will pass over the same meridian the
next day when the sun is three minutes and fifty-
six seconds in time, or near a degree, short of it.
If the year contained exactly three hundred and
sixty days, as the ecliptic does three hundred and
gixty degrees, the sun’s apparent place, so far as
his motion is equable, would change a degree every
day; and, in this case, the sidereal days would be
just four minutes shorter than the solar ones.

This matter may perhaps be made something
plainer by means of a figure. For this purpose, let
ABCD, &c. (Pl. vir. fig. 2.) be the earth’s orbit, in
which it goes round the sun every year, from west
ta east, according to the order of the letters; and
turns round its-axis, the same: way, from the sun to
the sun again, in twenty-four hours. Lets, in like
manner, represent the sun, and R a fixed star, at
such an immeanse distance, that the diameter of the
earth’s orbit bears no.sensible proportion to-that
distance; also, in' the figure nnm, which represents
the earth in different points of its orbis, let xm, bé
any:particalar meridian, and N a given ppint; or
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place upon the surface of the earth lying under
that meridian.

These things being premised, it is plain that
when the earth is at a, the earth, sun, and star will
be all in the same right line ; and, consequently, as
the earth turns round its axis, the point N will come

_to the sun and star at the same time. But when
the earth has advanced through a twelfth part of
its orbit, from A to B, its motion round its axis will
bring the point N a twelfth part of a day, or two
hours, sooner to the star than to the sun. For the
star, as has been already observed, will come to
the meridian in the same time as if the earth had
continued in its former situation, at A ; but the
point N must revolve from N to n, before it can
have the sun upon its meridian. The arc nn,
therefore, being the same part of a whole circle as
the arc aB, it is plain that any star which comes
to the meridian at noon with the sun, when the
earth is at A, will come to the meridian at ten
o'clock in the forenoon, when the earth is at B.

. When the earth has passed from a to c, through
a sixth part of its orbit, the point v will have the
star upon its meridian at eight o’clock in the morn-
ing, or four hours sooner than it comes round to
the sun; and, in like manner, when the earth has
advanced forwards to p, through a fourth part of
its orbit, the point N will have the star on its meri-
dian at six o’clock in the morning ;  for as the earth
has now proceeded through ninety degrees, or a
fourth part of the whole circumference, it must
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likewise turn ninety degrees upon its axis, in order
to carry the point N from the star to the sun; for
the star will always come to the meridian when
Nm is parallel to rsa, because ps, the radius of
the earth’s orbit, is but as a point in respect to the
‘immense distance Rs. ‘

When the earth is at &, the star will come to the
meridian at four o’clock in the morning; at F at
two in the morning; and at 6, at midnight; for
the earth having now gone just half round its orbit,

“the. point N will be directly opposite to the sun;
and, therefore, by means of the earth’s diurnal mo-
tion, the star will come to the meridian twelve
bours before the sun. In like manner, when the
earth is at H, the star will come to the meridian at
ten o'clock in the evening, or fourteen hours be-
fore the sun; at 1, it will come to the meridian

~sixteen hours before the sun ; at x, eighteen hours
before him; at L, twenty hours; at M, twenty-
two ; and at A, it will return to the meridian at the
same time, and be exactly with the sun again.

The daily revolution of the earth, which, by ob-

~ servation, is known to be uniform (J), is always
completed, when any particular meridian is exactly
parallel to the situation which it bad at any time
of the preceding day. And it is plain, from the
figure, that the same meridian can never be brought
round, from the sun, to the sun again, by one en-

‘_ (1) 1t may here be observed, that some able astronomers,
have lately suspected tbat this motion is not perfectly uni-
form ; but at all events it is so nearly sv, that no sensible error
can arise in considering it as such.
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tire revolution of the earth ypon its axis, but that
it will require as much more of another revolution
as is equivalent to the space she lias advanced in
her orbit durmu that time ; which, at a mean rate,
is the three hundred and sixty fifth part of a cirs
cle. So that in three hundred and sixty-five days,
the earth will have turned three hundred apd sikty-
six times round her axis; and, therefore, as one
complete rotation makes a sidereal day, there will
be one sidereal day in a year more than there are
solar days, be that number what it may, either on
the earth, or on any other planet.

This regular return of the fixed stars to the me-
ridian, affords us any easy method of determining
whether our clocks and watches go true, For if
through a small hole in a window shutter, orin a
thin plate of metal properly fixed for that purpose;
we observe at what time any star disappears be-
hind a chimney, or the corner of a building, atd
small distance; then, if the sawe star disappears,
the next night, three minutes and fifty-six seconds
sooner, by the clock or watch, than it did the night
before; on the second night seven minutes fifty-
two seconds sooner; on the third night eleven
minutes forty-eight seconds sooner; and so op;
itis a certain sign that the machine goes right ;. bat
if it does not observe this rule, it is evidently not
true, and must therefore be regulated accordingly:
and as the disappearing of a star is instantaneous,
. we may depend upon this information to half a se-
cond at least. _

Besides the divisions of time here mentioned,



LET. XII.] DIVISIONS OF TIME. 191

there are two others which relate to the year; and
as they are frequently referred to by astronomers,
it will not be improper to explain them. The two
opposite points in which the ecliptic intersects the
equator, are called the equinoctial points ; and the
two points where it touches the tropics the solstitial
points ; and the time elasped between two succes-
sive passages of thesun through the same equinoc-
tial or solstitial points, is called the tropical year ;
which, by observation, is found to contain three
bundred and sixty-five days, five hours, forty-eight
minutes, and forty-five and a half seconds.
And, in like manner, as the tropical year is de-
termined by the returning of the sun to the same
point of the ecliptic, so the time elapsed between
his departure from any fixed star and his returning
to that star again is called the sidereal year, which
contains three hundred and sixty-five days, six
hours, nine ninutes, and fourteen seconds and a
half. The sidereal year is therefore, twenty minutes,
seventeen seconds and a half longer than the solar
or tropical year; and nine minutes, fourteen. se-
conds and a half longer than the civil year, which
is three hundred and sixty-five days, six hours; so
that the civil year is almost a mean between the
sidereal and tropical years. .

|}
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LETTER XIIL

‘OF THE EQUATION OF TIME; OR THE DIFFERENCE
BETWEEN MEAN TIME AND APPARENT.

IT is a circumstance worthy of observation, that,
excepting the rotation of the'earth upon its axis,
there is no one body in nature, with which we are
acquainted, whose motion is perfectly uniform and
regular(m). The sun, in his apparent journey
through the heavens, is supposed by the vulgar to
furnish us with an accurate and just measure of
time; butin this they are greatly mistaken. Astro-
nomers have found that the motion of the sun is
very unequal; and therefore equal time, which
flows on for ever in the same manner, cannot be
truly measured by the sun’s motion. Mean, or
equal time, is that which is shown by a perfectly
“well regulated clock or watch; and in order that
the apparent time, as shown by a true sun-dial,
may agree with this, it must be corrected by proper
equations. ‘

The difference between mean and apparent tlme :
depends upon two causes, the obliquity of the
ecliptic with respect to.the equator, and the un-
equal motion of the earth in an elliptical orbit. I
shall first explain the effects of these causes sepa-
rately considered, and then the united effects re-
sulting from their combination. But, before we

(m) See the ubservation that has been made upon this part
of the subject, in page 189,
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proceed to these particulars, it will be proper to
remind you, that whenever the motion of the sun
is spoken of, it is not to be understood in a posi-
tive sense, as if he actually removed from one part
- of space to another, but only as an appearance oc-
‘casioned by the real motion of the earth in a con-
trary direction. The phenomena are exactly the
same ; and astronomers sometimes mention one,
-and sometimes the other, according as they find it
most convenient for their purpose.

This being premised, it may be observed, that
since the earth’s axis is perpendicular to the plane
of the equator, any equal portions of this circle,
‘will, by means of the earth’s rotation upon its axis,
pass over the meridian-in equal times ; and so, in
Jlike manner, would any equal portions of the eclip-
tic, provided it were parallel to, or coincident with
the equator. But as this is not the case, the daily
motion of theearth upon its axis will carry unequal
portions of it over the meridian in equal times ; the
- difference being always proportional to the obli-
‘quity : and, as some parts of the ecliptic are much
qmore obliquely situated with respect to the equator
than others, those differences will be unequal
amongst themselves. o

Suppose, for example, that the sun and a star
were to set out together from one of the equinoctial
points, and to move continually through equal arcs
in equal times; the star in the equator, and the
'sun in the ecliptic : then it is plain that the star,
moving in the equator, would always return to the
-meridian exactly at the end of every twenty-four

°
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bours, as measured by a well regulated elock, that
keeps equal time; but the sun, moving in the eclip-
tic, would come to the meridian, sometimes sooner
than the star, and sometimes later, aceording to
their relative situations ; and they would never be .
found upon that circle exaetly together, except on -
four days of the year; namely, on the 20th of March,
when the sun enters Aries; on the 21st of June,
when he enters Cancer; on 23d of September,
when he enters Libra; and on the 21st of Decem-
‘ber, when.he eaters Capricorn.

But lest a verbal deseription should be found in-
sufficient, I shall endeavour to make it more in-
telligible by means of a figure. For this purpose, let
z o x @ (Pl vi1, fig. 8.) be the earth; zFRz its
axis ; abcd, &e. the equator; aBcD, &¢. the north-
ern half of the ecliptic, from o to ®, on the side
‘next to the eye ; and »xor the southern half, on
the opposite side, from « to . In like manner,
let A, B, ¢, D, &¢. be the boundaries of equal por-
tions of the ecliptic, gone through ih equal times
by the sun; and a, b, ¢, d, &c. equal portions of the
equator, described in equal times by the star ; alsa
let z * z be the meridian.

'Then, as the sun moves obliquely in the eclipti,
and the star directly in the equator; a degree, or
any number of degrees, between v and F on the
ecliptie, must be nearer to the meridian z o z, thea -
a degree, or any corresponding number of degrees
on the equator, from o to f; and the more 50 as
they are more oblique. The sun, therefore, comes

to the meridian sooner every dsy, whilst he is in
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the quadrant « F, than the star does in the qua-
drant « f; and, as the motion of the fictitious star
in the equator answers to the motion of a well re-
gulated clock, it is plain that the solar noon, in this
case, will precede the noon by the clock.

On the contrary, whilst the sun describes the
second quadrant of the ecliptic FGHIKL, from &5 to
@, he will come later to the meridian every day
than the star, which moves through the second
guadrant of the equator, from f to =; for the
points 6, H, I, K, L, being farther from the meridian
than the (‘:orresponding points g,h,% k1, they
must be latér in coming to it; and as the sun
and star arrive at the point < at the same moment,
they must then both come to the meridian to-
‘gether at the instant when it is noon by the clock.

_ Again, in departing from Libra, through the
third quadrant, the sun going through M~opq to-
wards pp, and the star through mnopg, towards r;
the former will come to the meridian every day
sooner than the latter, till the sun arrives at the
point ip, and the star at the point 7, and then they
will both come to the meridian at the same time:

. And, in like manner, as the sun maves through the
fourth quadrant sTuvw, from » towards o, and
the star through the quadrant sfwow, from r to-
wards #, the former will come later every day to °
the meridian than the latter, till they both arrive
at the point o, and then they will make it noon at
the same time with the clock.

This part of the equation of time; may be made
still more familiar by means of a globe; for if

o9
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small black patch be put on every tenth or fifteenth
degree, both of the equator and ecliptic, beginning
at the point v, and the globe be turned round
slowly to the westward, you will observe that all
the patches from Aries to Cancer, and from Libra
to Capricorn, will come to the meridian sooner than
their corresponding patches on the equator; and
all those from Cancer to Libra, and from Capri-
corn to Aries, will come to the meridian later than
their correponding patches on the equator: whilst
the patches at the beginning of Aries, Cancer,
Libra, and Capicorn, being on, or even with those
on the equator, show that the sun and star, will
either meet there, or are even with each other, and,
for that reason, must come to the meridian at the
same time. 4
Mr. Ferguson, whom I have chiefly followed in
this article, proposes the following method for
showing the difference between solar, sidereal, and
equal time. Suppose two little balls are made to
move equally round a celestial globe, by means of
clock-work ; one always keeping in the ecliptic,
and gilt with gold, to represent the real sun; and
the other, keeping always in the equator, and
silvered, to represent a fictitious sun; and let it be
so contrived, that whilst these two balls move once
" round the globe, according to ‘the order of the
signs, the globe shall be made to turn three hun-
dred and sixty-six times round its axis, westward.
Then, as the motion of the globe is uniform, any
fixed star will come to the meridian in equal times,
- and make in all three hundred and sixty-six. revo-
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lutions, from the brazen meridian to the brazen
meridian again. Bat the two balls, representing
the real and fictitious suns, going continually far-
ther eastward from any given star, will come later
than that star to the meridian every following day
than on the preceding one; so that each ball will
make in all exactly three hundred and sixty-five
revolutions ; and they will both come together to
the meridian, at the beginnings of Aries, Cancer,
‘Libra and Capricorn; but in every other point of
the ecliptic, the gilt ball will come sooner or later
to the meridian than the silvered ball, in the same
manner as the patches above-mentioned.

This is'an easy way of showing the reason why
any given star, which, on a certain day of the year,
comes to the meridian with the sun, passes over it
so much sooner every following day, as on that day
twelvemonth to come to the meridian with the’
sun again; and also, why the sun, moving in the
ecliptic, comes to the meridian, sometimes sooner,
and sometimes later than when it is noon by the
clock; and on four days of the year at the same
time; whilsta body, moving in the equator, would
always come to the meridian exactly when it was
noon by the clock. An ingenious artist might easily
‘put this appendage to a celestial globe; for the
gold ball might be carried round the ecliptic, by a
wire from its north pole, and the silver ball round
the equator, by a wire from its south pole, by
means of a few wheels to each.

From what has been already said upon this sub-
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Ject, it it plain, that if the ecliptic cut the equator
still more obliquely, as is represented by the
dotted circle ° r =, (Pl vi1. fig. 3.) the equal di-
visions from o to 2, would corpe still sooner to the
meridian z v 2, than those marked 4, B,c,D, E;
for two divisions, containing thirty degrees, from
o to the second dot, a little short of the figure 1,
will come sooner to the meridian than one division,
containing only fifteen degrees, from ¥ to A ; whilst
those of the second quadrant, from z to %, would
come so much later to it. In the third quadrant
_the same thmgs wounld take place as in the first,
“and in the fourth as in the second; and where the
ecliptic is most oblique, about Aries and Libra, it
is evident, that the difference would be greatest;
and least about Cancer and Capricorn, where the
obliquity is least.

Having explained one cause of the difference of
time, as shown by a well regulated clock and a true
sun-dial, I shall now proceed to the other, and en-

. deavour to make that equally easy and intelligible.
The obliquity of the ecliptic is not the only cause
of an inequality in the length of days, but this in-
equality arises also from the unequal motion of the
sun himself. This motion is slowest in summer,
when the earth is farthest from the sun, and swiftest
in winter, when he is nearest to it; as is ewdent
from the laws of Kepler, explained in Letter vi; by
which it has been found, that the earth is about
eight days longer in passing through the northern
than through the southern half of his orbit : hence,
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although there were no .abliquity of the ecliptic,
the motion of the sun would not be a true and ex-
- act measure of time. For this motion sometimes
exceeds a degree in twenty-four hours, and is some-
times less; and, consequently, when it is slowest,
any particular meridian will come round sooner to
him than when it is swiftest; so that the days,
from this cause alone, cannot be equal to each
other.

If two bodies, therefore, were to move in the
plane of the ecliptie, so as to go exactly round it
in a year; the ane describing an equal arc every
twenty-four hours, and the aother describing some-
times a less arc in that time and sometimes a
greater, gaining at one time of the year what it lost
at another, it is evident, that one of those bodies
would come sooner or later to the meridian than
the other, according to their situations : and when
they were both in conjunction, they would come
to the meridian at the same instant. But as this
. may not be readily understood, it will, perhaps,
appear more evident by means of a figure.

For this purpdse, let Ascp (Pl vir. fig. 4.) be
the ecliptic, or the elliptical orbit which the sun, by
en irregular motion, describes in the space of.a
year; and ‘the dotted circle abed the orbit of an
#maginary star, coincident with the plane of the
ecliptic, and in which it moves through equal arcs
in equal times. Let H1K, also, be the earth, which
revolves round its axis, every twenty-four hours,
from west to east; and suppose the sun and stay
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to set out together from A and g, in a right line
with the plane of the meridian EH ; the sun at A,
being at his greatest distance from the earth; at
which time his motion is slowest; and the star at
a, whose motion is equable, and its distance from
the earth always the same. :

Then, because the motion of the star is always
uniform, and the motion of the sun, in this point
of his orbit, is the slowest, it is evident that whilss
the meridian revolves from u to H, according te -
the order of the letters u, 1, X, L, the sun will have
proceeded forward in his orbit from a to ¥; and
the star, moving with a quicker motion, will have
gone through a larger arc, from a to f: from which
it is plain, that the meridian En will revolve sooner .
from H to A, under the sun at F, than from H to %,
under the star at f; and .consequently it will be
noon by the sun, sooner than by the clock. -

As the sun moves from A towards c, the swift-
ness of his motion will continually increase, till he
comes to the point c, where it will be the greatest.
But the star, notwithstanding this, will gain so
much upon the sun, soon after his departure from
A, that the increasing velocity of the sun will not
bring him up to the equally moving star, till the -
former comes to ¢, and the latter to ¢ ; or :when
each of them has gone just half round its respective
orbit; and as they are then in conjunction, the .
meridian EH, revolving to EK, will come to the sun
and star at the same time ; and consequently it is
noon by them both at the same instant.
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From this point, the increased welocity of the
sun being now the greatest, will carry him before
the star; and, therefore, the same meridian will, -
in this situation, come to the star sooner than to
the sun. For whilst the star moves from c to g,
the sun will move through a greater arc, from ¢ to
G; and, consequently, the point K has its noon by
the clock when it comes to %, but not its noon by
the sun till it comes to /. And though the velocity
of the sun diminishes all the-way from c to 4, and
the star, by an equal motion, is still coming nearer
to the sun, "yet they will not be in conjunction till
the one comes to A, and the other to @, and then
it is noon by them both at'the same instant.

From this it appears, ' that the solar noon is al-
ways later than the noon by the clock, whilst the
sun goes from c to A ; and sooner whilst -he goes
from A to c; and at these two points, the sun and
clock being equal, it is noon by them both -at the -
same time.. The point A is called the San’s
Apogee; because when he is in this situation, he -
is at his greatest distance from the earth; and the
point ¢ is called his Perigee; on account of his
being then at his least distance from the earth : and
a line aEc, drawn through the earth’s centre, from
one of these points to the other, is called the Line
of the Apsides.

It may also be observed, that the dlstance which’
the sun, at any time, has gone from his Apogee,
and not the distance he has to go to it, though it
be ever so little, is called his mean Anomaly; and
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"is always reckoned in signs, degrees, minutes, &c,
allowing thirty degrees to a sign. Thus, for ex-
ample, when the sun has gone a hundred and
seventy-four degrees from his apogee at A, be is
said to be five signs twenty-four degrees from it,
which is his mean anomaly. And, in like manner,
when he has gone three hundred and fifty-five de-
grees from his apogee, he is said to be eleven signs
twenty-five degrees from it; although he be but
five degrees short of A, in coming round to it again.

So that from what has been said, it appears, that

when the sun’s anomaly is less than six signs, that
is, when he is any where between a and c, in the
half of his orbit aBc, the solar noon will precede
the clock noon: but when his anomaly is more
than six signs, that is, when he is any where be-
tween c and A, in the half of his orbit cpa, the
clock noon will precede the solar noon. On the
contrary, when his anomaly is O signs O degrees,
that is, when he is in his apogee at 4 ; or, when it
is exactly six signs, which is when he is in his

- perigee at ¢, he will come to the meridian at the
same time with the star, and it will be noon by

them both at the same instant.

The. obliquity of the ecliptic to the equator,
which is the first mentioned cause of the equation
of time, would make the sun and clocks agree on -
four days of the year, which are when he enters:
Aries, Cancer, Libra, and Capricorn; but the
other cause, which arises from his unequal motion
in his orbit, would make the sun and clocks agree
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only twice a year, that is when he is in his apogee
and perigee ; and, consequently, when these two
points fall in the beginnings of Cancer and Capri-
corn, or of Aries, and Libra, they will concur in
making the sun and clocks agree in those points.
But the apogee, at present, is in the ninth degree
of Cancer, and the perigee in the ninth degree of -
Capricorn ; and, therefore, the sun and clocks can-
not be equal about the beginnings of those signs,

nor at any other time of the year, except when the

swiftness or slowness of equation, resulting from

one of the causes, just balances the slowness or

swiftness arising from the other.

About the first of November, the absolute equa-
tion of time resulting from both these causes will
be the greatest; the time shown by an equally
going clock being then about sixteen minutes and a
quarter slower than the time shown by the sun.
And, as this equation is of the utmost importance
in all computations where time is concerned, as-
tronomers have calculated tables, by which it may _
be found for every day of the year. So that by
means of these tables we can always correct the
apparent time, by reducing it to mean time, which
is the prineipal end, or object proposed. Tor
though the time shown by the sun appears to be
the most obvious and natural, yet it is of no other
use, but as it may be employed in finding the
inean time, or that whose essence is equality or
perfect uniformity; all the celestial revolutions,
and every other epoch and period, being always
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referred to this standard, which is properly consi-
dered as the only true and adequate measure of
duration. '

The equation of time was known as early as the
time of Ptolemy, as appears from what he has said
upon this subject in the 3d Book of his Almagest;
‘but notwithstanding it was employed both by Tycho
Brahe and Kepler, it was not generally adopted
till the year 1672, when Flamsteed published a
dissertation upon the subject, at the end of the
works of Herrox. Since that time, it has been
-found that some irregularities are also occasioned
by the attractions of the planets; but as they de-
pend upon principles which are not easily ex-
plained, and can, in no case, produce an error of
‘more than a few seconds, I have altogether omltted
them.

As the sun’s place and anomaly are subject to
continual variations, no general equation Tables
can be so constructed as to be perpetual; and,
therefore, when great accuracy is required, re-
ference must be had to the Nautical Almanac, or
some other performance of that kind. The follow-
ing concise Table, however, which is adapted to
the 2d year after Leap Year, will always be found
within about a minute of the truth, and is, there-
fore, sufficiently accurate for the regulating of com-
mon clocks and watches, which are on]y divided
into minutes.
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Where it is to be observed, that those columns
which are marked + show that the clock or watch
is faster than the sun, and those marked — that it
is slower. ' ’
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LETTER XIV.

OF THE REFORMATION OF THE CALENDAR:

Owk of the first cares of every society, after pro-
viding for its most pressing wants and necessities;
has always been to establish some uniform method
of reckoning time, Without such a standard to
refer to, as oecasion requires, the administration
of public affairs, and the common concerns of life,
would be subject to perpetual confusion.. A well
regulated calendar is, therefore, a matter of the
most extensive utility and importance. It is by
this means, that we are able to ascertain the re-
turns of the seasons, and to point out the proper
times for cultivating the earth; to adjust the ob-
servance of civil and ecclesiastical institutions, and
to transmit to posterity the dates of such events as
are worthy of remembrance.

A computation of time by certain regular periods;
is a custom that has been observed by ‘all nations,
where arts and sciences have been cultivated ; but
as nature bas afforded us no fixed or permanent
measure of duration, the manner of estimating those
periods has been various and uncertain. In some
countries the natural day is supposed to commence
with the rising of the sun, and in others with his
setting ; some begin to reckon from midnight, and
others from noon. The Jews and Romans divided
the artifical day into twelve parts, whether long or
short, and the night in the same manner; so that
~ their hours, except at the equinoxes, were always
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unequal ; which custom, notwithstanding its mani-
fest absurdity, is still followed by the Turks and
other eastern nations.

The Egyptians, according to Herodotus, were
the first who fixed the length of the year, and made
itto consist of three hundred and sixty days, which
they separated into twelve months, in order that it
might agree with the course of the moon. Mer-
cury Trismegistus added five days more; and
Thales is said to have done the same thing among
~ the Greeks. But the Jews, Syrians, Ethiopians,
Romans, Persians, and Arabs, had all years of dif-
ferent lengths. The apparent vicigsitudes of the
seasons, occasioned by the various positions of the
" sun, seem to have first given occasion to this insti-
tution ; and as the length of the period would be
naturally adapted to comprehend all the varieties
of this kind that could possibly happen, so their
principal care would be to make the same parts of
the year agree with the same seasons. But as dif-
ferent nations would make use of different methods,
they would not all choose the same point of the
ecliptic for the beginning of the year, nor be en-
tirely agreed about the exact time of the revolu-
tion. :

The day on which the year commences, is, also,
different in different countries. The Romans, after
the first regular adjustment of their calendar,
agreed to begin their year on the first of January;
which custom has since been observed by the
English, and some other European nations. The
Mahometans begin their year on the day when the
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sun enters the Ram; the Persians in the month
which answers to our June; the Chinese and In-
dians with the first new moon that bappens in
March ; and the Mexicans, according to d’ Acosta,
begin their year on the twenty-third of February,
about which time the verdure, in that country, first
begins to appear. It may here also be remarked,
that, among the Romans, the first and last days of
the year, were consecrated to Janus, which seems
to be the reason why he is always represented with
two faces; one looking forwards to the new year,
and the other backwards on the old. :
The week is another division of time, of the
highest antiquity, which, in almost all countries,
has been made to consist of seven days; a period
supposed by some to have been traditionally de-
rived from the creation of the world ; whilst others
imagine it was regulated by the phases of the moon.
But whatever it might be that led so many diffe-
-rent nations to adopt this primitive measure, it was
certainly not universally received. The week of
“the ancient Greeks, according to GGassendus, con-
sisted of ten days, and that of the Romans of nine;
but afterwards, in imitation of the Jews, they
divided it into seven; which custom was first in-
troduced among the Romans about the time of the
emperor Theodosius. Dies Solis, Lunz, Martis,
Merecurii, Jovis, Veneris, and Saturni, are the days
of the Roman week, and the names of the seven
planets; and so, among us, Saturday, Sunday, and
Monday, plainly denote, Saturn’s day, the Sun’s
day, and the Moon’s day ; and Tuesday, Wedaes-
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day, Thursday and Friday, are the days of Tuisco,
Woden, Thor and Friga, which are the Saxon
pames for Mars, Mercury, Jupiter and Venus. |
But of all the divisions of time, which have been
in general use, the-month and the year are the most
embarrassing. . To determine these periods with
accuraey and precision, and to adjust them to the
course of nature, is a matter of the utmost diffi-
culty, and is yet far from being accomplished.
The revolution of the moon in her orbit, or the .
time from one new moon to another, may be called
a month ; and the time the sun takes to perform
his apparent course round the earth, from any one
point in his orbit, to the same point again, may be
called a year; but as neither of these revolutions
are completed in an exact number of days, how
are they to be reconciled with the common account
~ of time, and made to agree with each other? The
seasons are evidently regulated by the course of
the sun; and as their returns are only to be known
by means of his motion, it is from this alone that
the proper length of the year can be determined.
In matters of little moment, the uninstructed
part of mankind regard the powers of science with
astonishment ; but when the subject is beyond the
reach of all science, they frequently imagine it to be
attended with no difficulty. This has been particu-
larly the case, with the attempts that have beenmade
to correct the vulgar methods of reckoning time.
‘The populace of every country, consider ‘the year
as a certain regular period, the length of which is
pointed out by nature herself ; and, with a cla-
' P
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mour that bids defiance to reason, oppose every
alteration. To change the observance of certain
religious feasts, which have been long fixed to p