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PREFACE

THE EDITOR

In presenting to the Public a new and en-
larged edition of Ferguson’s Astronomy, ‘the
Editor has been particularly solicitous to col-
lect all the discoveries in the science which
have been made during the last thirty years,
and to present them in that simple and un.
assuming form which is suitable to the popu.
lar nature of the original work. These dis-
coveries, which are contained in Twelve sup-
plementary Chapters, relate chiefly to the
physical constitution of the Old and New Pia-
nets of the Solar System, and to the various
and wonderful phenomena which are display-
ed in the region of the Fixed Stars.

In accomplishing this task, the Editor can
claim no other merit but that of having
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brought together a number of curious facts,
which had not hitherto been collected, and
many of which have never appeared in any
English work. On some occasions, indeed,
he has ventured to direct the attention of the
reader to theories and speculations of hisown ;
but he wishes these to be considered merely
as attempts to account for some of the most
curious and unexplained phenomena of As-
. tronomy; and he hopes that they will be
read with candour, till better theories shall
have arisen in the progress of astronomical
discovery.

Epixavres, March 1, 1811.
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ASTRONOMY

EXPLAINED DFrOX

SIB ISAAC NEWTON'S PRINCIPLES,

CHAP. 1.

OF ASTRONOMY IN GENENAL.

I-OF all the sciences cultivated by mankind, crap.
astronomy is acknowledged to be, and undoubt. '
edly is, the most sublime, the most intemsting,.m
and the most useful ; for, by knowledge derived ai use of
from this science, not only the bulk of the earth ®rozomy-
is discovered, the situation and extent of the coun.
tries and kingdoms upon it ascertained, trade and
commerce carried on to the remotest parts of the
world, and the various products of several coun-
tries distributed for the health, comfort, and con-
veniency of its inhabitants; but our very facuk
ties are enlarged with the grandeur of the ideas it
conveys, our minds exalted above the low con
tracted prejudices of the vulgar, and our under-
standings ciearly convinced, and affected with the ,
conviction of the existence, wisdom, power, good-

Vol. 1, A
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ness, immutability, and superintendency of the
Supreme Being ! So thar without an hyperbole,

An undevant astrogomer is mad.?

2. From this branch of knowledue we also
learn by what means or laws the Ahnighty carries
on, and continucs, the wonderfel harmony, order,
and connection cbscrvable thtoughout the planet.
ary system 5 and are led by very powerful argu-
ments to form this pleasing deduction, that minds
capable of such deep researches, not only derive
their origin from that Adorable Being, but areal-
so incited to aspire after a mwore perfect know-
ledge of his nature, and a stricter conformity to
his will,

3. By astronomy we discover that the earth is
at so great 2 distance from the sun, that if seen
from thence it would appear no bigger than 2
point ; although its circumference is known to
be 25,020 miles: yet that distance is so small,
compared with the carth’s distance from the fixed
stars, that if the orbit in which the earth moves
round the sun were solid, and seen from the near-
est star, it would likewise appear no bigger than
a point, although it is at least 162 millions of
miles in diameter ; for the earth in going round
the sun is 162 millions of miles nearer to some
of the stars at one time of the year than ar an-
other ; and yet their apparent magnitudes, situa-
tions, and distances, from one another still remain
the same ; and a telescope which magnifies above
200 times, does not sensibly magnify them:
which proves them to be at least 400 thousand
times farther from us than we are from the sun.

* Dr. Young’s Night Thoughts.
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4. It is not to be imagined that all the starsare CHar.
placed in one concave surface, 50 as to be equally ;
distant from us; but that they are placed at im-
mense distances from one another through un-
limited space: so that there may be as great aThe mn
distance between any two neighbouring stars, as#
between our sun and those which are nearest to
him. Therefore an observer, who is nearest any
fixed star, will look upon it alone as a real sun;
and consider the rest as so many shining points,
placed at equal distances from him in the firma.
ment.

5. By the help of telescopes we discover thou.
sands of stars which are invisible to the bare eye ;
and the better our glasses are, still the more be-
come visible : &0 that we can set no limits either
to their number or their distances. The celebrat- snd inoum:
ed Huygens carried his thoughts so far, as to ™" -
believe 1t not impossible that there may be stars
at such inconceivable distances, that-their light
has not yet reached the earth since its creation ;

although the velocity of light be a million of times
greater than the velocity of a cannon bullet, as
shall be demonstrated afterwards, § 197, 216:
and, as Mr. Addison, very justly observes, this
thought is far from being extravagant, when we
constder that the universe is the work of infinite
power, prompted by infinite goodness ; having an
mifinite space to exert itself in; so that our ima-
ginations can set no bounds to it. )

6. 'The sun appears very bright and large in Why the
comparison of the fixed stars, because we keepiin 2ppeans
constantly near the sun, in comparison of our im- teosars
mense distance from the stars. For, a spectator
placed as near to any star as we are to the sun,
-would see that star a body as large and bright as
the sun appears to us: and a spectator, as far

A2
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cHar. distant from the sun as we are from the stars,
L would see the sun as small as we sce 2 star, di-
vested of all its circumvolving planets 5 and would

reckon it one of the stars in numbering them.
Thestars 7, The stars being at such immoense distances
i'.-:f;,f::,ﬁ"' from the sun, cannot possibly recetve from him
by the sun. g strong a light as they seein to have 5 nor any
brightness sullicient to make them visible to us.
For the sun’s rays must be so scattered and dis.
sipated before they reach such remote objects,
that they can never be transmitted back to our
eyes, so as to render these objects visible by re-
flection, The stars therefore shine with their
own native and unborrowed lustre, as the sun
does ; and since each particular star, as well as
the sun, is confined to a particular portion of
space, it s plain that the stars are of the same na-

ture with the sun,

8. Itis nowise probable that the Almighty,
who always 2cts with ipfinite wisdom, and does
nothing in vain, should create so many glorioks
suns, fit for so many important purposes, and
place them at such distances from one another,
without proper objects near enough to be bene-

Theare  fited by their influences. Whoever imagines they

probably  ere created only to give a faint glimmering light

by planes. to the inhabitants of this globe, must have a very
superficial knowledge of astronomy, and a mean
opinion of the Divine wisdom: since, by an in-
finitely less exertion of creating power, the Deity
would have given our earth much more light by
cone single additional moon.

9. Instead then of one sun and one world only
in the universe, as the unskilful in astronomy
imagine, that science discovers to us such an in-
concetvable number of suns, systems and worlds,
dispersed through boundless space, that if our
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sun, with all the planets, moons, and comets, be- CHAP.
longring to it, were annihilated, they would be -
no %no%e mis;ed, by an eye that coulc{ take in the
whole creation, than a grain of sand from the sea-
shore; the space they possess being compara-
tively so small, that it would scarce be a sensible

blank in the universe, aithough Saturn, the out-
ermost of our planets, revoives about the sun in

an orbit of 4,884 millions of miles in circumfer-
ence, and some of our comets make excursions
upwards of ten thousand millions of miles beyond
Saturn’s orbit ; and vyet, at that amazing distance,
they are incomparabry nearer to the sun than to

any of the stars ; as is evident from their keeping
clear of the attractive power of all the stars, and
returning periodically by virtue of the sun’s at-
traction.

10. From what we know of our own system, The steflar
it may be reasonably concluded that all the rest plauctsmay

- - . € DAL=
are with equal wisdom contrived, situated, andaple,
provided, with accommodations for rational inha.
bitants. Let us therefore take a survey of the
system to which we belong ; the only one access-
ible to us ; and from thence we shall be the better
enabled to judge of the nature and end of the
other systems of the universe. For although there
is almost an infinite variety in the parts of the
creation, which we have opportunities of examin-
ing, yerthere is a general analogy running through
and connecting all the parts into one scheme, one
design, one whole !

11. And then, to an attentive observer, it will
appear highly probable, that the plancts of our
system, together with their attendants called satel-
iites or moons, are much of the same nature with 28 ovr soiar

. . plancts ar=,
our earth, and destined for the like purposes;
for they are solid opaque globes, capable of sup-
A3
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CHAP. porting animals and vegetables. Some of them
I " are bigger, some less, and some much about the
size of our earth. They all circulate round the
sun, as theearth does, in a shorter or longer time,
according to their respective distances from him;
and have, where it would not be inconvenient,
regular returns of summer and winter, spring and
autumn. They have warmer and colder climates,
as the various productions of our earth require :
and, in such as afford a possibility of discovering
it, we observe a regular motion round their axes
like that of our earth, causing an alternate return.
of day and night ; which is necessary for labour,
rest, and vegetation, and that all parts of their
surfaces may be exposed to the rays of the sun.
The far- 12. Such of the planets as are farthest from
f;:"‘,:;”"‘ the sun, and therefore cnjoy least of his light,
have mowe  have that deficiency made up by several moons,
monsto  which constantly accompany and revolve about
theirnights, them, as our moon revolves about the earth. The
remotest planet has, over and above, a broad ring
encompassing it ; which like a lucid zone in the
heavens reflects the sun’s light very copiously on
that planet : so that if the remoter planets have
the sun’s light fainter by day than we, they have
an addition made to it morning and evening by
one or more of their moons, and a greater quan.

tity of light in the night-time.
owrmogs  13. On the surface of the moon, because it is
ke the NEATEr 1o us than any other of the celestial bodies
ainh.  are, we discover a nearer resemblance of our
earth ; for, by the assistance of telescopes, we
observe the moon to be full of high mountains,
large valleys, and deep cavities. These similari-
ties leave us no room to doubt, but that zll the
planets and moons in the system are designed as
commedious habitations for creatures endowed
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with capacities of knowing and adoring their be- cHar.
neficent creator, ok

14. Since the fixed stars are prodigious spherces
of fire, like our sun, and at inconceivable distan-
ces from one another, as well 2s from us, it is
reasonable to conclude they are made for the
same purposes that the sun is; each to bestow
li§ht, heat, and vegetation, on a certain number
of inhabited planets, kept by gravitation within
the sphere of its activity.

15. What an august, what an amazing con. Number.
ception, if human imagination can conceive ity ung worlds.
does this give of the works of the Creator ! Thou-
sands of thousands of suns, multiplied without
end, and ranged all around us, at immense dis-
tances from eath other, attended by ten thousand
times ten thousand worlds, all in rapid motion,

{et calm, regular, and harmonious, invariably

eeping the paths prescribed them; and these
worlds peopled with myriads of intelligent beings,
formed for endless progression in perfection and
felicity !

16. If so much power, wisdom, goodness, and
magnificence is displayed in the material creation,
which is the least considerable part of the uni-
verse, how great, how wise, how good must ne
be, who made and governs the whole !
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The sun.

CHAP. 1L

A BRIEF DESCRIPTION OF THE SOLAT SYSTiM.

17. Tm: sun, with the planets and comets which
move round him as their centre, constitute the
solar system. Those planets which are near the
sun not only finish their circuits sooner, but like.
wise move faster in their respective orbits, than
those which are more remote from him. Their
motions are all performed from west to east, in
orbits nearly circular. Their names, distances,
bulks, and periodical revolutions, are as follow :

18. The sun ®, an immense globe of fire, is
placed near the common centre, or rather in the
lower focus,® of the orbits of all the planets and
comets ; * and turns round his axis in 25 days 6

- If a thread be tied looscly romud two pins stuck in 8
table, and modcrately stretched by the point of 2 black.lead
peneil earricd round by an even motion and light pressure
of the hand, an oval or ellipsis will be described; the two
points where the ping are fixed being called the foci or fo-
cuses thercof.  The orbits of all the planets are elliptical,
and the sun is placed in or near to onc of the focd of cach
of them ; and that in which he is placed, is called the lower
focus.

* Astronomers are not far from the truth, when they
reckon the sun’s center to be in the lower focus of all the
planctary orbits.  Thongh, strictly speaking, if we cons
sider the focus of Mercury’s orbit 1o bein the sun's contre

thes
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hours, as is evident by the motion of spots seen cHaP.
on his surface, His diameter is computed to be -
763,000 miles ; and, by the various attractions of “ 77y
the circumvolving planets, he is agitated by a
small motion round the centre of gravity of the
system. All the planets, as scen from him, move
the same way, and according to the order of signs
in the graduated circle o ¥ 1 o, &c. which
represents the great ecliptic in the heavens : but,
as seen from any onc planet, the rest appear
sometimes to go backward, sometimes forward,
and sometimes to stand still ; not in circles nor
ellipses, but ? in looped curves, which never re-
turn into themselves.  The comets come fromall
parts of the heavens, and move in all sorts of di.
rections.

19. Having mentioned the sun’s turning round
his axis, and as there will be frequent occasion to
speak of the like motion of the earth and other
planets, it-is proper here to inform the young
tyro in astronomy, that neither the sun nor plan-
ets have material axes to turn upon, and support
them, as in the little imperfect machines contriv-The asis of
ed to represent them; for the axis of a planet the Paicsn
is a line conceived to be drawn through its cen-
tre, about which it revolves as if on a real axis.

the focus of Venus’s orbit will be in the common centre of
gravity of the sun and Mercury ; the focus of the earth’s
orbit in the common centre of gravity of the sun, Mercury,
and Venus; the focus of the urbit of Mars in the common
centre of gravity of the sun, Mercury, Veuus, and the
Earth ; and so of the rest.  Yet, the focuses of the orbits
of all the planets, except Saturn, will not be scasibly re-
moved from the centre of the sun; nor will the focus of
Saturn’e orbit recede sensibly from the commun centre wf
ravity of the sun and Jupiter.
5 As represented in Plate 3, Fig. 1, and described § 138.
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"The extremitics of this line, terminating in oppo-
site points of the planet’s surface, are called its
poles. That which points towards the northern
part of the heavens, is called the north pole ; and
the other, pointing towards the southern part, is
called the south pole. A bowl whirled from one’s
hand into the open air, turns round such z line
within itscif, whilst it moves forward ; and such
are the lines we mean, when we speak of the axes
of the heavenly bodies.

£0. Let us suppose the earth’s orbit to be a thin,
cven, solid plane, cutting the sun through the
centre, and extended out as far as the starry hea-
vens, where it will mark the great circle called the
ecliptic.  This circle we suppose to be divided
into 12 equal parts, called signs; each sign into
30 equal parts, called degrees; each degree into
60 equal parts, called minutes ; and every minute
into 60 equal parts, called seconds: so that a se-
cond is the 60" part of a minute; a minute the
60™ part of a degree ; and a degree the 360" part
of a circle, or 30™ part of a sign. The planes
of the orbits of all the other planets likewise cut
the sun in halves ; but extended to the heavens,
form circles different from one another, and from
the ecliptic; one half of each being on the north
side, and the other on the south sideofit. Con.
sequently the orbit of each planet crosses the eclip-
tic in two opposite points, which are called the
planet’s nodes. These nodes are all in different
parts of the ecliptic ; and therefore, if the planet.
ary tracks remained visible in the heavens, they
would in some measure resemble the different
ruts of waggon-wheels crossing one another in
diffcrent parts, but never going far asunder. That
node, or intersection of the orbit of any planet
with the earth’s orbit, from which the planet as-

—— —— e e -
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*
cends northward above the ecliptic, is called the cHae,
ascending node of the planct: and the other, ™™
which is directly opposite thereto, is called its where s
descending node. Saturn’s ascending node is in tuated
21° 18" of Cancer %, Jupiter’sin 7° 29% of the
same sign, Mars’s in 17° 17" of Taurus w, Ve-.
nus’s in 13° 59" of Gemini 11, and Mercury’sin
14° 48® of Taurus.* Here we consider the
carth’s orbit as the standard, and the orbits of all
the other planets as oblique to it.

21. When we speak of the planets orbits, all The planews
that is meant is their paths through the open and Gi.
unresisting space in which they move, and are
kept in, by the attractive power of the sun, and
the projectile force imptessed upon them at first :
between which power and force there is so exact
an adjustment, that they continue in the same
tracts without any solid orbits to confine them.

22. MErcuRry, the nearest planet to the sun, Merary
goes round him (as in the circle marked ) in %"
87 days 28 hours of our time nearly; which is
the length of his year. But being scldom seen,
and no spots appearing on his surface or disc,
the time of his rotation on his axis, or thelength

4 On the firet of January 1805, the ascending nodc of
the Georgium sidus, one of the plinets lately discovered,
was 1o the 12° 53™ of Gemini, and advances 16 seconds iu
z year. Saturn’svin 219 59™ of Capcer, and advances 32
seconds in a year.  Jupiter's in 8- 27" of Cancer, and ad.
vances 30 seconds cvery year.  Mars aio 18% 4 of "Taurus,
and advavces 28 scconds in & year. Venus'sin the 14° 55=
of Gemint, and advancen 36 scconds in a year.  Mercury’s
in 16°0° of Taurus, and advances 43 srconds every year.
Itis a curious circumstance that the nodes of the planets
should ali be iu the 2%, 3+, and 4 b signs of the zodiac, and
that two nodes should be in each of these signe.—Enp.
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of his days and nights is as yet unknown. His
distance from the sun is computed to be 32 mil.
iions of miles, and his diameter 2,600, In his
course round the sun, he moves at therate of 95
thousand miles every hour.  is light and Tieat
from the sun are almost seven times as great as
ours; and the sun appears to him almost seven

My be in- timies as large as to us.  Fhe great heat on this

tabited.

Has jike

phrses with

the muoon.

This mrlyie
ard tadee

planet is no argument against iis being inhabited ;
since the Almighty could as casily suit the bodies
and constitutions of its inhabitants to the heat of
their dwelling, as he has done ours to the tem-
perature of our earth. And it is very probable
that the people there have such an opinion of us,
as we have of the inhabitants of Jupiter and Sa-
turn ;3 namely, that we must be intolerably cold,
and have very little light at so great a distance
from the sun.

23. This planet appears to us with all the va-
rious phases of the moon, when viewed at different
times by a good telescope : save only that he never
appears quite full, because his enlightened side is
never turned directly toward us, but when he is
so near the sun as to be lost to our sight in its

‘beams. And, as his enlightened side is always

toward the sun, it is plain that he shines not by
any light df his own; for if he did, he would
constantly appear round. That he moves about
the sun in an orbit within the earth’s orbit, is also
plain {as will be more largely shewn by and by,
§ 141, & scq.), because he is never scen opposite
to the sun, nor above 586 times the sun’s breadth
fron: his centre.

24. His orbit is inclined seven degrees to the

" ecliptic 5 and that node, § 20, from which he

ascends northward above the ecliptic, is in the

-
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16™ degree of Taurus; the opposite in the 16" cHap,
degree of Scorpio. The Earth is in these poims _ 1
on the 6™ of November and 4" of May, newstyle;

and when Mercury comes 1o either of his nodes at

kis inferiors conjunction about these times, he

will appear to pass over the disc or face of the

Sun, ke a dark round spot. Butin all other parts

of his orbit his conjfinctions are invisible, because -

he either gocs above or below the Sun.

25. Mr. Whiston has given us an account of When he
several periods at which Mercury may be seen oft 1. ir wpun
the Sun’s disc, viz. in the year 1782, Novem. the Sus
ber 12, at 3* 44 in the afternoon ; 1786, May 4,
at 6° 57" in the forenoon; 1789, December 6,
at 3" 55% in the aRernoon; and 1799, May 7,
at 2"'34" in the afternoon.® There will be se-
veral intermediate transits, but nane of them vi«
sible at London. : '

£6. Venus, the next planet in order, is come v,
puted to be 59 millions of miles from the Sun;
aad by moving at the rate of 69 thousaud miles
every hour in herorbit (asin the circle marked ), piaee 1,
she goes round the Sun in 224 days 17 hours of ¥ig- I-
our time, nearly ; in which, though it be the full
length of her year, she has only 9% days, ac.
cording to Bianchini’s observations;? so that,

* When he iz betorecn the Eanh and the Sun in the
seaver part of his orbir. :

8 The next visble traneite of Mercury will be in 1832,
May 5, middle of the transit, 125 27™ noon; 1845, May s,
7% 42+ in the afternoon; 1548, Nevember 8, LB 50™ in the
afternoen; 1861, November 2, 7% 30= morpiag; 1868,
November 4, 7b 26® in the momicg; 1878, May 7, 6h 5=
in the afternoon ; 18G4, November 10, 68 40% in the vvens
ing.  See Vol 11, p. 327.~Eb. .

! According to the elder Cassini, Venus revolves uphon

er
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to her, every day and night together is as long as
247 days and nights with us. This odd quar-

her axisin the space of 235 2. This result was deduced
from observations made in 1667, on a bright spot in Venus's
dise, which advanced 207 in the course of 2414 34™. Casaini,

“reasoning no daubt from the diurnal revolution of the other

planets, concluded that the spot had, during the interval of
24h 347, performed a complete revolution, and 20° of an-
other, and that the rotation of the planet was complete in
23h 20", (Cassini, Elemensd® A stronomie, p.525 ), while the
natural contlusion should have been, that the spot had only
performed part of a revolution. Signior Bianchini made
similar observations in 1720, &e.; but as the spot which
be observed did not make any progress in the space of three
hotirs, ke justly concluded that the spot which Cassini ob-
served had performed only a part of a revolution, and that
Venus completed her diurnal peried in 24 days 8 hours,
Ree Heepery et Phosphori nove phenomena, pp. 25, 61, 63.
The revolution assipned by Cassini is more analogousto that
of the other planets, in none of which does the length of
the day excecd 24 hours. But DBianchims observations
were more numerous, and were made at different times. The
spots of Venus were shewn to several persons, who agreed
28 to their appearance, and these spots actually made no
progress in the space of 343 whereas, upon Cassini’s hypo~
thesis, they ouglht to have advanced 15°. Notwithstanding
these argumenis, however, which might probably have
weiglied with our author, it would aprcar, from the observ-
ations of Schroeter, thav, the diurnal period assigned by
Cassini is nearly true. Schrocter observed the different
shapes of the twi lwue of Voous.  He found that the one
horn was pointcd, whilc the other was binnt. 'I'he southern
horn, which was at first more blunt than the northern, ia
two hours lost its shadow, became more pointed than the
northern, and its blunted ehape appeared every day about
half an hour sooner, that is, after an interval of 234 houn.
This alternate bluntness and sharpness in the horns of Ve-
nus is supposed by Schroeter to arise fiom the shadow of
a high mountain. From numerous observations, he found
that Venus’s diurnal” revolution was performed in 23k 20°
5g'"-4. See Plate 11, Sup. Yig. 6, and Vol I, pp. 136,
13g. Eb. PR
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ter of a day in every year makes every fourth cuar.
year a leap-year to Venus; as the like doces '
toour earth. Her diameter is 7,906 miles; and

by her diurnal motion the inhabitants about her
equator are carried 43 miles every hour, besides

the 69,000 above mentioned.

27. Her orbit includes that of Mercury within Her ethie
it ; for,at her greatest elongation, or apparent wecn the
distance from the sun, sheis 96 times his breadth "Cl'::‘c::_‘;‘

from his centre, which is almost double of Mer.’ )
cury’s. Her orbit isincluded by the earth’s ; fur -
if it were not, she might be seen as often in op-
“position to the sun, as she is in conjunction with
him; but she was never seen 90 degrees, or a
fourth part of a circle, from the sun.

28, When Venus appears west of the sun, she Sh it eor
rises before him in the morning, and is called the 3 cocp.
morning star : when she appears east of the sun, & rar by
she shines in the evening after he sets, and is then
called the evening star : being each in its turn for
290 days. It mmay perhaps be surprising at first,
that Venus should keep longer on the east or west
of the sun, than the whole time of her period
round him. But the difficuity vanishes when we
consider that the earth is all the while goiny
round the sun the same way, though not so quick
as Venus: and therefore her relative motion to
the earth must in every period be as much slower
than her absolute motion in her orbit, as the earth
during that time advances forward in the ecliptic,
which is 220 degrees. To us she appears through
a telescope in all the various shapes of the moon. *

¢ T'he line which divides the enlightened from the obscure
part of Veous's disc, is ragged and uneven like that of the
moor.  No bright spots have been abserved on her surface
syinee
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cHap. 29, The axis of Venus is inclined 75 degrees
. to the axis of her orbit, which is §14+ degrees
more than our eafth’s axis is inclined to the axis
of the eclipiic: and therefore her seasons vary
much more than oursdo. The north pole of her
axis inclines toward the 20® degree of Aquarius,
our eartly’s to the beginning of Cancer; conse-
quently the northern parts of Venus have sum-
mer in the signs where those of our earth have
winter, and vice versd,
5:*2;;2;_ . 30. The ¥ artificial day at each pole of Venus
arces. 15 28 long as 1124 natural days on our earth.”
b tropies 31, 'The sun’s greatest declination on each side
ci-cles how OF Di€Y equator amounts to 75 degrees ; therefore
swwsteds  hor® tropics are only 15 degrecs from her poles;
and her® polar circles as far from her equator.
Consequently the tropics of Venus are between

since the time of Bianchini. Dr. Herschel has found her
always enveloped in something resembling 2 white cloud,
and never saw any variety in her appearance, Schroeter
discovered a twilight in Venus, and supposes . the denser
part of her atmosphere to be 16,020 fect, or three miles
nearly in height.  He found, that the highest mountains of
Venys as wel} as the moon, are in the southern hemisphiere
that their perpeadicular heights are 23 the diameter of their
planets, and that one of the mountaing of Venus is about
5} geographical miles in height, nearly six times ligher
than any in the moon.—Eop.

# The time between the sun’s fsing and setting,

* Oue entire revolution, or 24 hours,

* These are lesser circles parallel to the equator, and as
many degrees from it, towards the poles, as the axis of the
planet is inclined to the axis of its orbit. When the sun is
advanced so far north or south of the equator, as to be di-
rectly over either tropic, he goes no farther, but returns
towards the other.

3 These are lesser circles round the poles, and as far
from thens as the tropics are from the equator. The poles
are the very north and south points of the plapet.

[
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her polat circles and her poles ; contrary to what cHarp
those of our earth gre. : -
32. As her afinual revolution contains only 94 rhe wos
of her days, the $1m will always appear to go deilycoune
through a whole sign, or twelfth part of her or.
bit, in a little m@re than three quarters of her na-
tural day, or hearly in 18% of our days and
nights,
83, Becuusk her day is so great a part of heryndgreac
year, the sun changes his declination in one day
so much, that if he passes vertically, or directly
over head of any given place on the tropic,
the next day he will be 26° from it:% and what.
ever place %e passes vertically over when in the
equator, one day’s revolution will remove him
367° from it. So that the sun changes his
declination every day in Venus abour 14°
more at a mean rate, than he does in a quar-
ter of a year on our earth. This appears to be
. providentially ordered, for preventing the too
great effects of the sun’s heat (which is twice as
great on Venus as on the earth), so that he can-
not shine perpendicularly on the same places for
two days together ; and on that account, the heat-
ed places have time to cool.
34. If the inhabitants about the north pole of To deter.
Venus fix their south or meridian line, through 75 W%
that part of the heavens where the sun comes to compass at
his greatest height, or north declination, and call ber poles.
those the east and west Eoims of their horizon,
which are 90° on each side from that point
where the horizon is cut by the meridian line,
these inhabitants will have the following remark.

able appearances. :
The sun will rise 22L° north of the east,

* A degree is the 360" part of any circle. See § 21.
ol L - .
Al
|
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CHAF. and going on 112% °, as measured on the plane
__of the®* horizon,” he will cross the meridian at
an altitude of 12+°; then making an entire revo-
lution without setting, he will cross it again at
an altitude of 48+ °; at the next revolutuon he
will cross the meridian as he comes to his great.
_est height and declinacion, at the altitude of 75°;
saieie being then only 15° from the zenith, or that
anceeat her point of the heavens which is directly over head:
Pt and thence he will descend in the like spiral
manner ; crossing the meridian first at the altitude
of 481 °; next at the altitude of 121 °; and go-
ing on then 1124 °, he will set 221 ° north of the
west; so that after having been 43 revolutions
above the horizon, he descends below it to ex-

hibit the like appearances at the south pole.

35. At each pole, the sun continues halfa year
without setting in summer, and as long without
rising in winter ; consequently the polar inhabit.
ants of Venus have only one day and one night in
the year; as it is at the poles of our earth. But
the difference betweenthe heat of summer and
cold of winter, or of mid-day and mid-night, on
Venus, is much greater than on the earth: be.
cause on Venus, as the sun is for half a year to-
gether above the horizon of each pole in its turn,
so he is for a considerable part of that time near
the zenith ; and during the other half of the year
always below the horizon, and for a great part
of that time at least 70° from it. Whereas, at
the poles of our earth, although the sunis for
half a year together above the horizon; yet he
never ascends above, nor descends below it, more

e

*» The limit of any inhabitant’s view, where the sky
seems t¢ touch the planet all round Inm. :



Of the Solar System.’ 19

than 28:°. When the sun is in the equi. CHAP.
noctial, or in that circle which divides the north- t____t___,
ern half of the heavens from the southern, he is

seen with one half of his disc above the horizon

of the gorth pole, and the other half above the
horizon of the south pole; so that his centre is

in the horizon of both polest and then descend.

ing below the horizon of one, he ascends gradu-

ally above that of the other.. Hence, in a year,

each pole has one spring, one harvest, a summer

as long as them both, and a winter equal in length

to the other three seasons. .

36, At the.polar circles of Venus, the seasons At her po-
are much the same as at the equator, because ™ '™
there are only 15° between them, (§ 31); only
the winters are not quite so long, nor the sum.
mers so $hort : but the four seasons come twice
round every year. , :

37. At Venus’s tropics, the sun continues for ac her
about fifteen of our weeks together withour set. o'+
ting in summer, and as long without rising in
winter. Whilst he is more than 15 degrees from
the equator, he neither rises to the inhabitants of
the one tropic, nor sets to those of the other:
whereas, at our terrestrial tropics, he rises and
sets every day of the year. -

38. At Venus’s tropics, the seasons are much
the same as at her poles; only the summers are
a little Jonger, and the winters a little shorter,

39. Ather equator, the days and nights are acter
always of the same length; andiﬂyet the diurgal *auser
and nocturpal arches are very different, especially
when the sun’s declination s about the greatest:
for then, his meridian altitude may sometimes be
twice as great as his midnight depression, and at .
other times the reverse. ' When the sun is at his

.B2 .

-
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CHAP. greatest declination, either riorth or south, his

- , rays are as oblique at Venus’s equator, as they
are at London on the shortest day of winter.
Therefore, at her equator there are two winters,
twosummers, twosprings, and twoautumns, every
year. But because the sun stays for some time
near the tropics, and passes so %;u;ckiy over the
equator, every winter there will be almost twice
as long as summer: the four seasons returning
twice i that time, which consists only of 9
days.

40. Those parts of Venus which lie between
the poles and tropics, and between the tropics and
polar circles, and also between the polar drcles
and equator, partake more or less of the pheno-
mena of these circles, as they are more or less
distant from them.

Creatdil. 41. From the quick change of the sun’s de-
the sy Clination it happens, that if he rises due east on
amplitede any day, he will not set due west on that day, as
aad weuing. with us ; for if the place where he rises due east
be on the equator, he will set on that day ahmost
_west-north.west; or about 18%° north of the
. west. But if the place be in 45° north ktitude,
then on the day that the sun rises due east he
will set north-west by west, or $8° north of the
west, And in 62° north latitude, when he rises
in the east, he sets not in that revolution, but just
touches the horizon 10° 1o the west of the north
point: and ascends again, continuing for 37
revolutions above the horizon without setting.
Therefore no place has the forenoon and after-
noon of the same day equally long, unless it be

on the equator, or at the poles.
Thelongi- g9, The sun’s altitude at noon, or any other
lceseasity time of the day, and his amplitude at rising and

Vo setting being very different af places on the same
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paraliel of latitude, according to the different lon. CHAP.
gitudes of those places, the longitude willbeal- __
most as easily found on Venus, as the latitude is

found on the earth: which is an advantage we

can never have, because the daily change of the

sun’s declination is by much too small for that
important p

43. On this planet, where the sun crosses Her equi-
the equator in any year, he will have 9° of :‘;"::,;Eff,;
declination from that place on the same day and s day for-
hour next year; and will cross the equatoryear
©QO° farther to the west; which makes the time
of the equinox a quarter of a day (or about
six of our days) later every year. Hence, ithough
the spiral in which the sun’s motion is performed,
be of the same sort every year, yet it will not be
the very same, becausﬂe sun will not pass ver-
tically over the same places till four annual revo.-
lutions are finished.

44, We may suppose that the inhabitants of Ever
Venus will be careful to add a day to some par. i“'{;:],,;:::
ticular part of every fourth year, which will keep to Veous.
the same seasons to the same days. For, as the
great annual change of the equinoxes and solstices
shifts the seasons a quarter of a day every year,
they would be shifted through all the days of the
year in 86 years. But by means of this inter-
calary day, every fourth year will be a leap-year ;
which will bring her time to an even reckoning,
and keep her calendar always right.

45, Venus’s orbit is inclined 8% ° to the When she
earth’s; and crosses it in the 14° of Gemini'i2rhe
and of Sagittarius3 and therefore, when the
earth is about these points of the ecliptic at the
time that Venus is in her inferior conjunction,
she will appear like 2 spot on the sun, and afford
a more certain method of finding the distances of

B3

6
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CHAP. 3l the planets from the sun, than any other yet
known. But these appearances happen very sel-
dom; and will be only twice visible at London
for 110 vears to come. The first time will be
in the year 1761, June the 6™, in the morning ;
and the second, on the 3¢ of June in the evening,
Excepting such transits as these, she shews the
same appearances to us regularly every eight
years; her conjunctzonq, elongations, and times of

rising and settmng, belng very nearly the same,
on the same days, as before.
:::eﬂ:ﬂy 46, Venus may have a satellite or moon, al-
moon 2l though it be undiscovered by us: which will not
:‘;gﬁgz’.:f appear very surprising, if we consider how incon-
it veniently we are placed for seeing it;* for its
enlightened side can never be fully turned towards
us, but when Venusis beyond the sun; and then,
as Venus appears little bigger than an ordinary
star, her moon may be too small to be perceived
as such a distance. 'When she is between us and
the sun, her full moon has its dark side towards
us ; and then we cannot see it any more than we
can our own moon at the time of change. When
Venus is at her greatest elongation, we have but

¥ Caseini, Short, and other astroromers, imagined that
they saw Venus attended with her satellite ; and Lambert
has given, in the Memoirs of Berlin for 1773, a theory of
this secondary planct  These astronomers, however, werc
deceived by an optical iHusion, for the imaginary satellite
was merely a se. ondary image formed by a double refiexion,
M. Wargentin hzd in his possession a good achromatic
telescope, which always shewed Venus with a satellite ; but
the deception was discovered by moviag the telescope upon
its axis, 1 have often been deceived by the same optiea
illusion ; but, knowing that Venus had no satellite, | al.
ways :magmcd that the secondary image was a t:lcscopzc
star.—Eo.
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ane half of the enlightened side of her full moon cHap.

towards us; and even then it may be too far dis-__'"

tant to be seen by us. “But if she has a moon, it

inay certainly be seen with her upon the sun, in

the year 1761,* unless its orbit be considerably
" inclined to the ecliptic : for if it should be in con-
mﬂion or opposition at that time, we can hardly

gine that it moves so slow as to be hid by
Venus all the six hours that she will appear on
the sun’s disc.’
47. The EarTH s the next planet above Venus The earth,

in the system. Itis 82,000,000 of miles from
the sun, and goes round him (as in the circle &) rig. 1.
in 8654 5" 49" from any equinox or solstice to

the same again: but from any fiked star to the
same again, as seen from the sun, in 865¢ 6" and

9%; the former being the length of the tropical Its diurnal
year, and the latter the length of the sydereal. Tt mation
travels at the rate of 58,000 miles every hour;
which motion, though 120 times swifter than that
of a cannon ball, is little more than half as swift as
Mercury’s motion in his orbit. The earth’s dia-
meter is 7,970 miles; and by turning round its
axis every 24 hours from west to east, it causes
an apparent diurnal motion of all the heavenly

4 The traneit is oversince this was written, and no satcl-
lite was seen with Venus on the sun's disc.

# All the phenomena on the planet Venus, which de.
pend on the time of her diurnal rotation, will be different
from those mentioned by Mr. Ferguson, in consequeuce of
his laving adopted the length of her day as assigned by
Bianchini ;. see p. 14, note. By supposing the daily revo-
lution of Venus to be one of our days instead of 24, the
reader may easily deduce the real phenomena seen by the
inhabitants of that planet, which are affected by her diur-
nal revolution.—En,
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cHap. bodies from east to west. By this rapid motion
" of the earth on its axis, the inhabitants about the
equator are carried 1,042 miles every hour, whilst
those on the parallel of London are carried only
about 580, besides the 58,000 miles by the
anneal motion above mentioned, which is com-
mon to all places whatever.
!T:‘_E‘mir‘n 48. The earth’s axis makes an angle of 234 °
SIS with the axis of its orbit; and keeps always
the same oblique direction, inclining towards
the same fixed stars® throughout its annual
gourse, which causes the returns of spring, sum-
mer, autumn, and winter ; as will be explatned
at large in the tenth chapter.
Aproofol 49, The earth is round like a globe, as ap-
round ®  pears, 1, By its shadow in eclipses of the moon;
which shadow is always bounded by a circular
line, (§ 814); 2, By our seeing the masts of a ship
whilst the hull is hid by the convexity of the wa.
ter; 8, By its having been sailed round by many
navigators, The hills take off no more from the
roundness of the earth, in comparison, than grains
of dust do from the roundness of a common
globe, . N
. Ia mmber * 50, The seas and unknown parts of the earth
of square :
miee  (by a measurement of the best maps) contain 160
million 522 thousand and 26 square miles; the
inhabited parts 38 million 990 thousand 569 ;
Europe 4 million 456 thousand and 65; Asia
10 million 768 thousand 823 ; Africa @ million

4 This is not strictly true, as will appear when we come
to treat of the recession of the equinoctial points in the hea-
vens, § 246; which recession is equal to the deviation of
the earth’s axis from its parallelifm: but this is rather too
small to be sensible i an age, except to thote who make
very nice observations.
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654 thousand 807; Americz 14 million 110 cHar.
thousand 874. In all, 199 million 512 thou. ™
sand 595 ; which is the number of square miles

on the whole surface of our globe.

31. Dr. Long, in the first volume of his astro- The pro.
nomy, p. 168, mentions an ingenious and easy Poriion of
method of finding nearly what proportion the s
land bears to the sea; which is, to take the pa-
pers of a large terrestrial globe, and after sepa-
rating the land from the sea, with a pair of scis-
sars, to weigh them carefully in scales, This
supposes the globe to be exactly delineated, and
the papers all of equal thickness. The Doctor
made the experiment on the papers of Mr. Senex’s
seventeen inch globe; and found that the sex
papers weighed 849 grains, and the land onl
124: by which it appears that almost three fourt
parts of the surface of our earth, between the
polar circles, are covered with water, and that
litle more than one fourth is dry land. The
Doctor omitted weighing all within the polar
circles, because there is no certain measurement

" of the land within thtem, so as to know what pro-

rtion it bears to the sea. '

52. Themoon is not a planet, but only a satel- The moca
lite or attendant of the earth, going round the
earth from change to change m 294 12* and 4™ ;
and round the sun with it every year. The
moon’s diameter is 2,180 miles, and her distance
from the earth’s centre 240,000. She goes round
her orbit in 27¢ 7* 48", moving about 2,290
miles every hour; and tuyns round her axis ex-
actly in the time" that she goes round the earth,
which is the reason of her keeping always the

e side towards us, and that her day and
night, tzken together, is as long as our lunar
month.

53. The moon is an opaque globe like the
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CHAP. earth, and shines only by reflecting the light of
' thesun: therefore, whilst that half of her which
is towards the sun is enlightened, the other half
Her phases. must be dark and invisible. Hence she disappears
when she comes between us and the sun, because
her dark side is then towards us. When she is
gone a little way forward, we see a little of her
enlightened side: which stll increases to our
view, as she advances forward, until she comes to
be opposite to the sun; and then her whole en-
lightened side is towards the earth, and she ap-
pears with a round illumined orb, which we call
the full moon : her dark side being then turned
away from the earth, From the tull she seems
to decrease gradually as she goes through the
other half of%-er course, shewing us less and less
of her enlightened side every day, till her next
change or conjunction with the sun, and then
she disappears as before.
A prosf 54. This continual change of the moon’s
that she phases, demonstrates that she shines not by any
by her own light of her own : for if she did, being globular,
€ we should always see her with a round full orb
like the sun. Her orbit is represented in the
scheme by the little circle =, upon the earth’s
fig.T.  orbit & : butit is drawn fifty times too large in
proportion to the earth’s; and yet is almost too
small to be seen in the diagram,
Onehaltof - 55. The moon has scarcely any difference of
enlighten- Seasons, her axis being almost perpendicular to
ed the ecliptic, What is very singular, one half of
her has no darkness at all, the earth constamly
affording it a strong light in the sun’s absence;
while the other half has a fortnight’s darkness
and a fortnight’s light by turns.
Ourarth 56, Our earth 18 a moon to the moon, wax-

ishet moor, *

ing and weaning regularly, but appearing thirteen
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times as big, and affording her thirteen times as cilar.
much light as she does to us. When she changes __'" |
to us, the earth appears full to her; afld when
she is in her first quarter to us the earth is in its
third quarter to her; and vice versa.
57 But from one half of the moon, the carth
is never seenat all ;7 from the middle of the other
half it is always seen over head, turning round
almost thirty times as quick as the moon does.
From the circle which limits our view of the
moon, only one half of the earth’s side next her
is seen, the other half being hid below the hori-
zon of all places on that circle. To her the
earth seems to be the biggest body in the universe,
for it appears thirteen times as big as she does to
us. :
58. The moon has no atmosphere of any vi-
sible density surrounding her as we have: l{ar if
she had, we could never see her edge so well de-
fined as it appears; but there would be a sort of
a mist or haziness around her, which would
make the stars look fainter; when they are seen
through it.* But observation proves, that the A proef ot
stars which disappear behind the moon, retain ;7%

huving mo

their full lustre until they seem 1o touch her very atmosphere.

7 This is not exactly the case, for we sometimes see &
portion of the moon’s eastern hemisphere, which was not
seen in a former part of her revolution, and lose sight of
a similar portion of the moon’s western limb. The Crision
#ea, for example, which is a large dark spot on the western
side of the moon, is sametimes { of its diameter from her
limb, and at other time¢s s0 near it, that the interval can
scarcely be observed. See the Supplementary chapter,
vol. ii, on Selenagraphy.—Eb,

* Astronomers have long been divided in opinion re-
specting the atmosphere of the moon. Those who deny
iks” existence, argue chiefly from the appearance of fixed

atars,
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CHAP. edge, and then they vanish in 2 moment. ~ This
_has been often observed by astronomers, but
panicul%rly by Cassini,® of the star,, in the
breast of Virgo, which appears single and round

to the bare eye; but through a refracting tele.
scope of 16 feet, appears to be two stars so near
together, that the distance between them seems

to be but equal to one of their apparent diameters.

The moon was observed to pass over them on the

21" of April 1720, N.s. and as her dark edge
drew near to them, it caused no change in
their colour or situaton. At 25" 14 past

12 at night, the most westerly of these stars

was hid by the dark edge of the moon; and

in 80" afterwards, the most easterly star was
hid: each of them disappearing behind the moon

in an instant, without any preceding diminu.
tion of magnitude or brightness; which by no
means could have been the case if there were an

stars, that emerge behind the moon'’s Emb, without losing
their woual lustre.  But if we consider, that the lunar ate
mosphere, if it did exist, could not subtend an angle of
more than one second, and that the emerging star moves
through this space in rwo secomds of time, we can scarcely
expect to perceive any considerable change in its brilliancy.
Besides, if the star emerges at & part of the moon’s limb
where there is & ridge of mountains, the time during which
its luetre should be ohserved, would be much less than two
seconds, and sometimes imperceptible.  On this point,
however, we are pot left to vague conjecture, for M.
Schroezer has discovered, pesr the moon's cusps, a faint
grey light, of 2 pyramidal form, which, being the moon’s
wwilight, must necessarily 2rise from her atmosphere. M.
Schrocter concludes, from his observations, that the height
of the moon’s atmosphere, where it could diminish the
Lrightness of a star, or inflect the rays of light, does not
exceed 5,742 feet.  Sce chap. xv, note 1.~Eb.
?» Memoireg de ’Acad. ann. J720,
3
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atmosphere round the moon ; for then, one of ,___::____,
the stars falling obliquely into it before the other,
ought by refraction to have suffered some change
in 1ts colour, or in its distance from the other star,
which was not yet entered into the atmosphere.
But no such alteration could be perceived, though
the observation was performed with the utmost
attention to that particular ; and was very proper
to have made such a discovery. The famnt light,
which has been seen all around the moon, in total
eclipses of the sun, has been cbserved, during
the time of darkness, to have its centre coinci-
dent with the centre of the sun ; and was, there-
fore, much more likely to arise from the atmo-
sphere of the sun, than from that of the moon;
for if it had been owing to the latter, its centre
would have gone along with the moon’s.

59. If there were seas in the moon, she could Nor ss.
have no clouds, rains, nor storms, as we have ;
because she has no such atmospbere to support
the vapours which occasion them. And every
one knows, that when the moon is above our
horizon in the night-time, she is visible, unless
the clouds of our atmosphere hide her from our
view ; and all parts of her appear constantly with She i fui
the same clear, serene, and calm aspect. But an‘;:::’
those dark parts of the moon, which were for. pirs
merly thought to be seas, are now found to be
only vast deep cavitics, and places which reflect
not the sun’s light so strongly as others, having
many caverns and pits, whose shadows fall with.
mn them, and are always dark on the sides next
the sun, which demonstrates their being hollow ;
and most of these pits have litde knobs like hill-
ocs standing within them, and casting shadows
also, which cayse these places to appear darker
than others that have fewer or less remarkable
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CHAP. caverns.  All these appearances shew that there
... are no seas i the moon; for if there were any,
their surfaces would appear smooth and even, like

those on the earth.*
Fhewars 60, There being no atmosphere about the
e s moon, the heavens in the day-time have the ap-
moos.  pearance of night to alunarian who tumns his
back toward the sun ; and when he does, the stars
appear as bright to him as they do in the night to
us. For, it is entirely owing to our atmosphere
that the heavens are bright about us in the day.
61. As the earth turns round its axis, the se-
veral continents, seas, and islands appear to the
moon’s inhabitants like so many spots, of differ-
ent forms and brightness, moving over its sur-
face ; but much fanter at some times than others,
The earth a5 our clouds cover them or leave them. By
adialtothe these spots the lunarians can determine the time
of the earth’s diurnal motion, just as we do the
motivn of the sun; and perhaps they measure

¥ The arguments adduced by Mr. Ferguson to prove
that there is no sea in the moon, are very far from being
conclusive.  The existence of a lunar atmosphere is com.
pletely ascertained 5 and the little pits and eminences which
appear in the dark parts of the moen, which are extremely
even and smooth, may be regarded as rocks or islands. By
ohservations, however, on the Mare Critium, when the line,
which separates the enlightened from the obscure segment
of the moon, passed through this large and apparently level
spot ; I have found that the shaded parts of the moon, how-
ever smooth they may appear, are not level surfaces, and
therefore cannot be seas.  If there were seas in the moon,
there would be particular times when the reflected light of
the sun would render them more brilhant than any other
part of her surface. ‘These facts will be stated more fully
in the second volume in the Suppluementary chapter on Se-
lnography,—Emn.
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their time by the motion of the earth’s spots, for cHar.
they cannot have a truer dial. -

62. The moon’s axis is so nearly perpendicu-
lar to the ecliptic, that the sun never removes sen- . .
sibly from her equator ; and the obliquity* of her
orbit, which is next to nothing, as seen from the
sun, cannot cause the sun to decline sensibly from
her equator. Yet her inhabitants are not desti- How the
tute of means for ascertaining the length of their L‘::;’fn“:'
year, though their method and ours must differ : the length
for we can know the length of our year by the (™"
return of our equinoxes ; but the lunarians, hav-
ing always equal day and night, must have re-
course to another method ; and we may suppose,
they measure their year by observing when either
of the poles of our earth begins to be enlighten-
ed, and the other to disappear, which is always
at our equinoxes ; they being conveniently situat-
ed for observing great tracks of land about our
earth’s poles, which are entirely unknown to us.
Hence we may conclude, that the year is of the
same absolute length both to the earth and moon,
though very different as to the number of days;
we having 8655 natural days, and the lunarians
only 12.% ; every day and night in the moon be-
ing as long as 29; on the earth.

63. The moon’s inhabitants on the side nextandteloon-
the carth may as easily find the longitude of their Fisfss <,
places as we can find the latitude of ours; for
the earth keeping constantly, or very nearly so,
over one meridian of the moon, the east or west

b

* The moon’s orbit crosses the ecliptic in two opposite
points, called the moon’s nodes ; 30 that one half of her -
arbit is abave the ecliptic, and the other balf below it. The
angle of its obliquity i3 5} degrees.
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distanees of places from that meridian are as easily
found, as we can find our distance from the equa-
tor by the altitude of our celestial poles.

64. The planet MaRrs is next in order, being
the first above the earth’s orbit. His distance
from the sun is computed to be 125,000,000 of
miles § and by travelling at the rate of 47,000
miles every hour, as in the circle ¢, he goes
round the sun in 686 of our days and 23 hours,
which is the length of his year, and contains 667+
of his days ; every day and night together being
40 minutes longer than with us. Hisdiameter is
4,444 miles ; and by his diurnal rotation the in-
habitants about his equator are carried 556 miles
every hour. His quandry of light and heat is
equal but to one half of ours; and the sun ap-
pears but half as big to him as to us.

65. This planet being but a fifth part so big as
the earth, if any moon attends him, she must be
very small, and has not yet been discovered by
our best telescopes. He is of a fiery red colour,
and by his appulses to some of the fixed stars,
seems to be encompassed by a very gross atmo-
sphere. He appears sometimes gibbous, but ne-
ver horned, which both shews that “his orbit in-
cludes the earth’s within it, and that he shines
aot by his own lighe. '

66. To Mars, our earth and moon appear like
two moons, a bigger and a less ; changing places
with one another, and appearing sometimes horn-
ed, sometifnes half or three quarters illuminated,
but never full ; nor at most above one guarter
of a degree from each other, although they are
24,000 miles asunder.

Nowte  67. Our earth appears almost as big to Mars
;ﬂf‘::"ag‘;‘: 35 Venus does to us, and at Mars it is never seen

w Mare - above 48° from the sun; sometimes it appears.
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tI:r)I pass c:ve:(-l the disc of the sun, and so do CHAP.
ercury and Venus; but Mercury can never be _
seen f‘rlgn Mars by such eyes asugzrs, unassisted -

by proper instruments ; and Venus will be as sel.

dom seen as we see Mercury. Jupiter and Saturn

are as visible to Mars as to us. His axis is per~
pendicular to the ecliptic, and his orbit is two de.

grees inclined to it.*

68 JupITER,® the biggest of all the planets, is jupier: -
still higher in the system, being about 426 mil
lions of miles from the sun : and going at the rate
of 25,000 miles every hour in bis orbit, as
in the circle,® finishes hus annual period in eleven rig.1
of our years 814 days and 12 hours. Heis above
1000 times as big as the earth, for his diameter
is 81,000 miles ; which is more than ten times
the diameter of the earth.

69, Jupiter turns round his axis in @ hours The zum.
56 minutes, so that his year contains 10,4705 g:
days ; and the diurnal velocity of his equatorial
parts is greater than the swiftness with which he
moves in his annual orbit; a singular circumstance
as far as we know. By this prodigious quick
rotation, his equatorial inhabitants are car-
ried 25,930 miles every hour, (which is 920

*About the commencement of the present century, with-
inthe space of a few years, three new planets, Cexxs, Par. -
Las, and Juno, have been added to the solar system, They
are placed betwween the orbits of Mare and Jupiter, and differ
from the othier hodies of the system in their size and ap.
pearsnce; sa well as in the form dnd position of their orbite,
Bee the S?plcmenury chapter in Vol. ii, on the New
Planets.~—Ep, _

 38ee the Supplerentary Chipter in Veol. ii, on the
Discoveries respecting Jupiter ang Saturn, &c.-ED;

Vol. 1, C
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cHAP: miles an hour more than an inhabitant of our
. earth’s equator moves in 24 hours), besides the
25,000 above mentioned, which is common to

all parts of his surface, by his annual motion.
His belts 70. Jupiter is'surrounded by faint substances,
sadspots ealled belts, i which so many changes appear,
that they are generally thought to be clouds; for
some of them have been first interrupted and brok-
en, and then have vanished entirely, They have
sometimes been observed of different breadths,
and afterwards have all become nearly of the same
breadth. Large spots have been seen in these
belts ; and when a belt vanishes, the contiguous
spots disappear with it. The broken ends of some
belts have been generally observed to revolve in
the same time with the spots, only those nearer
the equator in somewhat less time than those near
the poles ; perhaps on account of the sun’s great-
er heat.near the equator, which is parallel to the
belts and course of the spots. Several large spots,
which appear round at one time, grow oblong by
degrees, and then divide into two or three round
spots. The periodical time of the spots near the
equator is 9" 507, but of those near the poles,
9% 56". See Dr. Smith’s Optics, § 1004,

et seq,

Behasso 71, The axis of Jupiter is so nearly perpendi-
:J:,i:f cular to his orbit, that he has no sensible change
of seasons ; which is a great advantage, and wise-
1y ordered by the author of nature: for, if the
-axis of this planet were inclined any considerable
number of degrees, just so many degrees round
each pole would in their turn be almost six of our
years together in darkness. And, as each degree
of a great circle on Jupiter contains 706 of our
miles at a mean rate, it is easy to judge what vast
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tracts of 1and would be rendere?hunm?sabitsble cHar.
by any considerable incliniation of his ag

y‘m.y'l‘.he suin appears bift 4y part 86 big to Ju-
piter as to us ; and his light anid heat are in the
same small proportion, but compensatad by the
quick returns thereof, and by four moons, (some burhas four
bigger and some less than our earth) which re.moems
volve about him : 86 that there is scarce any part
of this-huge planet but what is during the whole
night enlightened by one or mote of these moons,
except his poles, whence only the farthest moons
can be seen, and wherd hght is fiot there wanted,
becaute the sun constantly circulates in or near
the horizon, and is very probably kept in view of
both poles by the refraction of Jupier’s atmo-
sphere, which, if it be like ours, has certainly re.
fractive power enongh for that purpose.

78. The orbits of these moons are represent- Their pe.
ed in the scheme of the solar system by four smal] iods found
tircles marked 1, 2, 8, 4, on Iupi:er s orbit % ; ," pres
bus they are drawn ﬁﬁy times too large in pro.
portion toit. The first moon, or that nearest 1o
Jupiter, goes rouad him in 1% 18*and 86" of our
time, and s 229,000 miles distant from his ¢en-
tre : the second performs its revolution in 8¢ 18+
. and 157, at 864,000 miles distance ; the third in
74 3* and 59", at the dietance of 580,000 miles :
and the fourth, or outermost, in 16° 18" and
80", at the distance of 1,000,000 of miles from
his centre,

74. The angles under which the orbits of Ju- Panatiex of
piter’s moons are séen fron the earth, at its mean =47 o
distance from Jupiter, are as follow: Tha first, tancestrorn
& 557y the second, 6 14" the third, 9 587 ; Ii2e,
and the fourth, 17’ 30”. And their dlstances appers 1o
from Jupiter, measured by his semidiameters, ar€ moog,

- C2
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cHAp. thus: The first, 53 ; the second, 9; the third,
. 1451 ; and the fourth, 2533.¢  This planet, seen
from its nearest moon, appears 1000 fimes as
large a< our moon does to us, waxing and wean-
ing in all her monthly shapes every 424 hours.
I::vm" 75. Jupiter's three nearest moons fall into his
made by the Shadow, and are eclipsed in every revolution:
Jupern DUt the orbit of the fourth moon is so much in-
mooss  clined, that it passeth by its opposition to Jupiter,
without falling into his shadow, two years in
every six. By these eclipses, astronomers have
not only discovered that the sun’s light takes up
eight minutes of time in coming to us ; but they
have also determined the longitudes of places on
this earth with greater certainty and facility than
by any other method yet known, as shall be ex-

plained in the eleventh chapter.
Thegreat 76, The difference between the equatorial and
Gfference polar diameters of Jupiter is 6250 miles ; for his
1he equaro- equatoreal diameter is to his polar, as 13 to 12;
vl i, S0 that his poles are 8115 miles nearer his cen.
meennof tre than his equator is. This results from his
Jepi=r. auick motion round his axis ; for the fluids, to-
gether with the light particles, which they can
or wash away with them, recede from the
poles which are at rest, towards the equator where
the motion is quickest, until there be 2 sufficient
number accumulated to make up the deficiency of
gravity occasioned by the centritugal force, which
always arises from a quick motion round an axis :
and when the deficiency of weight or gravity of
the particles is made up by a sufficient accumula-
The differ- tion, there is an equilibrium, and the equatorial
(o . parts rise no higher, Our earth being buta very
our esrth.

4Casini Elemens ' Astronomie, liv, ix, chap. 3.
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small planet compared to Jupiter, and its motion CHAP.
on its axis being much slower, it is less flattened .
of course: for the difference between its equa-
toreal and polar diameters is only as 280 to 229,
namely, 36 miles.*

77. Jupiter's orbit is 1° 20’ inclined to the plac:of
ecliptic. His north node is in the 7"* © of Cancer, h* #°%*
and his south node in the 7% ° of Capricorn.

78. SATURN,* the most remarkabie of all the Saurm,
planets, is about 780,000,000 of miles from the
sun ; and, travelling at the rate of 18,000 miles
every hour, as in the circle marked b, per-gg.s,
forms its annual circuit in 297 167° and &
of our time, which makes only one year to
that planet. - Its diameter is 67,000 miles, and
there}:)re it i near 600 times as big as the earth.

79. This planet is surrounded by a thin broad pran g,
ring, as an artificial globe is by a horizon. The[¥ %
ring appears double when seen through a good v
telescope, and is represented by the figure in such
an oblique view as it is generally seen. Itis in.

* According to the Freach measures, 2 degree of the me.
ridian at the equator contxins 340606.68 French feet: and
a degree of the meridian in Lapland containe 844637.40:
so that 2 degree in Lapland is 4020.72 French feet (or
4280.02 English feet) longer than a degree at the equator,
The difference is &ty parts of an English mile, Hence, the
earth’s equatorial dinmeter containg 39386196 French feet,
or 41926356 English, and the polsr diameter 39202020
French feet, or 41731272 English.®

So that the equatorial diameter is 195084 English feet,
306.948 Engliah miles longer than the axis.

¥ See the Supplementary chapter in Vol. i, on the New
Discoveries concerning Jupiter and Saturn, &c.

* From a comparisen of the length of di“erent degrees of the me-
ridian_huly messared, it appears that the com ion st the carth's
poior ieonly 1300 ¥, and siice the dinsneter of the earth at the cqua-
£or 18 7934 110 - Engliuh miles, its dismeter at the poles will be 7903
5_—10"'_mi!c5 and the difference between these diametens, 36 g-10 %

1
Cs
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cHI;\P. clined 30° to the ecliptic, and is about 21,000
- miles in breadth, which is equal to its dis-
- tance from Satura on all sides.q'l There is reas
son to believe that the ring turns round its axis,
because, when it is almost edge-ways to us, it apa
pears somewhat thickey on one side of the planet
than on the other ; and the thickest edge has been
seen on different sides at different times. But Sa.
turn having no visible spots on his body, where-
by to determine the time of his turning round his
axis, the length of his days and nights, and the
position of his axis, are unknown to us.

His fire 80. To Saturn, the sun appears only ;5™ part
W 5o big as to us, and the light and heat he receves
from the sun are in the same proportion to ours,
But to compensate for the small quantity of sun.
4ight, he has five mooens, all going round him on
the outside of his ring, and nearly in the same
lane with it. The first, or nearest moon to
Saturn, goes round him in 14 23* 197, and is
140,000 miles from his centre : the second, in
2¢ 17" 40", at the distance of 187,000 miles : the
third, in 4* 128 25™, at 263,000 miles distance ;
the fourth, in 15" 22" 417, at the distance of
600,000 miles: and the fifth, or cutermost, at
1,800,000 miles from Saturn’s centre, goes round
Fi. t. him in 7%« 7* 48™. Their orbits in the scheme
ot the solar system are represented by the five
small circles, marked 1, 2, 8, 4, 5, on Saturn’s
orbit ; but these, like the orbits of the other sa-
tellites, are drawn fifty times too large in propor-

tion to the orbits of their primary planets.

81. The sun shines almost 15 of our years
together on one side of Saturn’s ring without set-
ting, and as long on the other in its turn ; so that
the ring is visible to the inhabitants of that planet
for almost 15 of our years, and as long invis:
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ible by turns, if its axis has no inclipation to its CHAP:
ring : but if the axis of the planet be inclined to __'*
the ring, suppose about 90°, the ring will appear yi, axis
and disappear once every natural day to all the in- probably
habitants within 30° of the equator, on both sides, i ring,
frequently eclipsing the sun in a Saturnian day.
Moreover, if Saturn’s axis be so inclined to his
ring, it is perpendicular to his orbit, and thereby
the inconvenience of different seasons to that plan-
et ig avoided ;* for considering the length of
Saturn’s year, which is almost equal to 80 of ours,
what a dreadful condition must the inhabitants of

_his polar regions be in, if they be half that time
deprived of the light apd heat of the sun ? which .
is not their case alone, if the axis of the planet be
perpendicular to the ring, for then the ring must
hide the sun from vast tracts of land on each side
of the equator for 18 or 14 of our years toge-
ther, on the south side and north side by turns, as
the axis inclines to or from the sun: the reverse
of which inconvenience is another good presump-
tive proof of the inclination of Saturn’s axis to its
ring, and also of his 3xis being perpendicular to
his orbit.

82. This ring, seen from Saturn, appears like How the

a vast luminous arch in the heavens, as if it did ""e 2
not belong to the planet. When we see the ring tara 4d 16
most open, its shadow upon the planet is broad-**
est ; and from that time the shadow grows nar.
rower, as the ring appears to do to ys; until, by
Saturn’s annual motion, the sun comes to the
plane of the ring, or even with its edge; which

¢ ‘The axis of Saturn is pcrﬁcndicuhr to the plane of
his dauble ring, which revolves along with the planct in
loh le 25—LIn
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CHAP. being then directed towards us, becomes invisible
on account of its thinness, as shall be explained
more largely in the tenth chapter, and illustrated

lowhae Dy a figure. The ring disappears twice in every
et annual revolution of Saturn, namely, when he is

o in the 19° both of Pisces and of Virgo. And
Jwehis  when Saturn is in the middle between these

B an N . . ..
to what }S)omts, or ulll the 19° either of Gemini or of
sigus it 2p- Qaoittarius, his ring appears most open to us
m::?: anglthen its longestgdiaﬁjeter is to its sli'nortest, as
9 t0 4.

Noplunet 83, To such eyes as ours, unassisted by instru-

ut Saturn + .

can be s-cn MeNts, Jupiter is the only planet that can be seen.
from Iopi- from Saturn, and Saturn the only planet that can
any from D€ secn from Jupiter ; so that the inhabitants of
Satern be- these two planets must either see much farther
sides fupi- ! .
ter, than we do, or have equally good instruments to
carry their sight to remote objects, if they know
that there is such a body as our earth in the uni-
verse : for the earth is no bigger seen from Jupi-
ter, than his moons are seen from the earth ; and
if his large body had not first attracted our siEht,
and prompted our curiosity to view him with a
telescope, we should never have known any thing
of his moons, unless by chance we had directed
the telescope toward that small part of the heavens
where they were at the time of observation. And
the like is true of the moons of Saturn.
Place of 84. The orbit of Saturn is 2 2° inclined to the
Saturn’s . s ' . .
wdes, ecliptic, or orbit of our earth, and intersects it in
’ the 21° of Cancer and of Capricorn; so that
Saturn’s modes are only 14° from Jupiter’s,

§ 77.7 '

® In the year 1781, Dr. Herschell discovered a new

planet, without the orbit of Saturn, and called it the Gror
) gmm
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85, The quantity of light afforded by the sun cHae.
to Jupiter being but 4 part, and to Saturn only '
%= part, of what we enjoy ; may at first thought rne yun's
induce us to believe that these two planets are en. light much

tively unfit for rational beings to dwell upon. 1
But, that their light is not so weak as we imagine,

in peoerally

is evident from their brightness in the night-time § beizved.

and also from this remarkable phenomenon, that
when the sun is so much eclipsed to us, as to have
only the 40" part of his disc left uncovered by
“the moon, the decrease of light is not very sens-
ible : and just at the end of darkness in total
eclipses, when his western limb begins to be vis-
ible, and seems no bigger than a bit of fine silver
“wire, every one is surprised at the brightness
wherewith that small part of him shines. The
raoon when full affords travellers light enough to
keep them from mistaking their way; and yet,
according to Dr. Smith,* it is equal to no more
than 2 80,000 part of the light of the sun : that
is, the sun’s light is Y0,000 times as strong as the
light of the moon when full.* Consequently,
the sun gives a 1000 times as much light to
Saturn as the full moon does to us, and above
8000 times as much to Jupiter. So that these
two planets, even without any moons, would be
-much more enlightened than we at first imagine ;

gium Sidus, in honour of his majesty. A full account of
this disovery will be found in the Supplemcotary chapter
in Volume ii, on the New Planetr.~Ep.
* Optics, Art. g5,
* By comparing the light of the moon with that of 2
wax taper, whose illuminating power was known by the
- photometer, My. Leslie found, that the illuminating power
of the sun is 150,000 times greater than that of the moon.
Ronguer made it 300,000 times greater.—Ep,
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eHap. and by having so many, they may be very com-
. fortable places of residence. = Their heat, so far
as it depends on the force of the sun’s rays, is
certainly much less than ours, to which no doubt
the bodies of their inhabitants are as well adapted
as ours are to the seasons we enjoy. And if we
consider, that Jupiter never has any winter, even
at his poles, which probably is also the case with
Saturn, the cold cannot be so intense on these two
planets as is generally imagined. Besides, there
may be something in the nature of their mould
‘warmer than in that of our earth: and we find
Allouwr  that all our heat depends not on the rays of the
;::faf;-o: sun ; for if it did, we should always have the same
onthe  months equally hot or cold at their annual re.
$ues B rurns,  But it is far otherwise, for February is
sometimes warmer than May ; which must be ow.

ing to vapours and exhalations from the earth.
86. Every person who looks wpon and com.
pares the systems of moons together, which be-
long to Jupiter and Saturn, must be amazed at
the vast magnitude 6f these two planets, and the
noble attendance they have in respect of our little
earth ; and can never bring himself to think, that
an infinitely sise creator should dispose of all his
animals and vegetables here, leaving the other
planets bare and destitute of rational creatures.
I is highty 'To suppose that he had any view to our benefit,
probabl v il creating these moons, and giving them their
fé;"f;: e motions round Jupiter and Saturn ; to imagine
RS that he intended these vast bodies for any advan-
tage to us, when he wel} knew that they could
never be seen but by a few astronomers peeping
through telescopes ; and that he gave to the plan.
ets regular returns of days and nights, and dfier-
ent seasons to all where they would be conve-
unient, but of no manner of service to us; except

3
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~ only what immediately regards our own planet cHar.
the earth ; to imagine, [ say, that he did all this, "
on our account, would be charging him impious. =
ly with having done much in vain : and as absurd,
as to imagine that he has created a little sun and
a planetary system within the shell of our earth,
and intended them for our use. These consider-
ations amount to little less than a positive proof,
that all the planets are inhabited : for if they are
not, why all this care in furnishing them with so
many moans, to supply those with light which are
at the greater distances from the sun? Do werot
see, that the farther a planet is from the sun, the
greater apparatus it has for that purpose? save
only Mars, which being but a small planet, may
have moons too small to be seen by ws, We
know that the earth goes round the sun, and
turns round its own axis, to produce the vicissi-
tudes of summer and winter by the former, and
of day and night by the latter motion, for the be-
nefir of its inhabitants. May we not then fairly
conclude, by parity of reasonm, that the end and
design of all the other planets is the same! and
13 not this agreeable to the beawiful harmon
which exists throughout the universe? Surely n
is ; and raises in us the most magnificent ideas of
the Supreme Being, who is everywhere, and at
all times present; displaying his power, wisdom,
and gaodness, among all his creatures ! and dis
4xibuting happiness to innwmerable ranks of va.
rious bemngs !

87. In Fig. 2, we have a view of the propor. pig. .,
tional breadth of the sun’s face or disc, as seen H»v the
from the different planets. The sun is repre.peas o
sented N’ 1, as seen from Mercury ; N°, g, agéfrne
seen from Venus ; N, 8, as seen from the earth 37
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N°, 4, as seen from Mars ; N°, 5, as seen from
Jupiter ; and N° 6, as seen from Saturn.

Let the circle B be the sun as seen from any
planet at a given distance; to another planet, at
double that distance, the sun will appear just of
half that breadth, as 4 ; which contains only one
fourth part of the area or surface of B. For, all
circles, as well as square surfaces, are to one ano.
ther as the squares of their diameters. Thus, the
square A is just half as broad as the square B;
and yet it is plain to sight, that B contains four
times as much surface as 4. Hence, by com-
paring the diameters of the above circles (Fig. 2)
together, it will be found, that in round numbers,
the sun appears seven times larger to Mercury
than to us, Y0 times larger to us than to Saturn,
and 630 times as large to Mercury as to Saturn.

88. In Fig. 5™, we have a view of the bulks
of the planets in proportion to each other, and to
a2 supposed globe of two feet diameter for the sun.
The earth is 27 times as big as Mercury, very
little bigger than Venus, 5§ times as big as Mars;
but Jupiter is 1049 times as big as the earth, Sa-
turn 586 times as big, exclusive of hisring ; and
the sun is §77,650 times as big as the earth.
If the planets in this figure were set at their due
distances from a sun of two feet diameter, ac-
cording to their proportional bulks, as in our sys-
tem, Mercury would be 28 yards from the sun’s
centre ; Venus, 51 yards 1 foot ; the Earth, 70
yards 2 feet ; Mars, 107 yards 2 feet; Jupiter,
370 yards 2 feet; and Saturn, 760 yards 2 feet;
the comet of the year 1680, at its greatest dis-
tance, 10760 yards, In this proportion, the
moon’s distance from the centre of the earth
would be only 73 inches.
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8g. To assist the imagination in forming an CHar
idea of the vast distances of the sun, planets,and "
stars, let us suppose, that a body projected from sn jgea of
the sun should continue to fly with the swiftness their &
of a cannon.ball, i. e. 480 miles every hour ; this
body would reach the orbit of Mercury in 7
years 221 days; of Venus, in 14 years 8 days;
of the earth, in 19 years 91 days; of Mars, in
29 years 85 days; of Jupiter, in 100 years 280
days; of Saturn, in 184 years 240 days; to the
comet of 1680, at its greatest distance from the
sun, in 2660 years ; and to the nearest fixed stars
in about 7,600,000 years. .

90, As the earth is not in the centre of the why the
orbits in which the planets move, they comePaaeisr
nearer to it and go farther from it at different and wcwa
times ; on which account they appear bigger and Siferent
less by turns. Hence, the apparent magnitudes
of the planets are not always a certain rule to
know them by.?

9t. Under Fig. 3, are the names and charac-
ters of the 12 signs of the zodiac, which the read-
er should be perfectly well acquainted with, so as
tro know the characters without seeing the names.

Each sign contains 30°, as in the circle bounding ¥ig. .

Y ‘The plasets may be distinguished from one another
by their difference of eolour, and some of them by their
position with regard to the sun. The planet Venus emits
a beoutifal white light; she twinkles when she is snot
far from the sun, and can never be seen above three or four
hours after sun-aet ; ahe ia therefore to be looked for in the
western part of the horizon after the sun sety. or in the
eastern part of it before he rises. Mars s of a red fiery
colour, and apparently not so large as Vesus and Jupiter. o
Jupiter shines with 2 white light, but is not so bright as
Venus,  Saturn appears less than Jupiter, and is of & dark
rod colour, but oot vo hrlliant as Mars.—Eo.
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citan. the solar system, to which the characters of the
signs are set in their proper places.

The ¢a. 92. The comits are solid opaque bodics with

mete long transparent trains or tails, issuing from that
side which is turned away from the sun.* They
move about the sun in very eccentric ellipses, and
are of a much greater density than the earth; for
some of them are heated in every period to such
a degree, as would vitrify or dissipate any sub-
stance known to us. Sir Isaac Newton come
puted the heat of the comet which appeared in
the year 1680, when nearest the sun, to be
2000 times hotter than red hot iron, and that
being thus heated, it must retain its heat untl
it comes pound again, although its period should
be more than 20,000 years; and it is computed
to be only 575. The method of computing the
heat of bodies, keeping at any known distance
from the sun, so far as their heat depends on the
force of the sun’s rays, is very easy; and shall
be explained in the eighth chapter.

Fig. 1. 88. Part of the paths of three comets are de.
lineated in the scheme of the solar system, and
the years marked in which they made their ap-

Theyprove pearance. It is believed that there are at least

farthe - 21 comets belonging to our system, moving in

plancsare all sorts of directions : and all those which have
notsolid been observed, have moved through the ethereal
regions, and the orbits of the planets, without
suffering the least sensible resistance in their mo-
tions; which plainly proves that the planets do
not move in solid orbs. ©Of all the comets, the
'”‘"P"i""sieraods of the above mentioned three only are

onlyofthree
are kngws. KDOWR with any degree of certainty. The first

4 See the Supplementary chapter on comets, vol. ih.—
En.
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of these comets appeared in the years 1581, cHae.
1607, and 1682; and is expected to appear 'V
again in the year 1758, and every 75" year af- ™ "
terwards, The second of them appeared in 1532

and 166!, and may be expected to return in

1789, and every 129™ year afterwards. The

third, having last appeared in 1680, and its pe-

riod being no less than 575 years, cannot return

until the year 2225. This comet, at its greatest
distance, is about 11,200,000,000 of miles

from the sun ; and at its least distance from the

sun’s centre, which is 49,000 miles, is within

less than a third part of the sun’s semidiameter

from the surface. In that part of its orbit which

is nearest the sun, it flies with the amazing swift-

ness of 880,000 miles in an hour; and the sun,

as seen from it, appears 100° in breadth; conse.
quently 40,000 times as large as he appears to

us. The astonishing length that this comet runs They prove.
out into empty space, suggests to our minds PY H Ui
idea of the vast distance between the san and the mene dis.
nearest fixed stars ; of whose attractions all the ™"
comets must keep clear, to return periodically,

and go round the sun ; and ir shews us also, that

the nearest stars, which are probably those that
seem the largest, are as big as our sun, and of

the same nature with him ; otherwise they could

not appear so large and bright to us as they do

at such an immense distance.

94. The extreme heat, the dense atmosphere, Inferences
the gross vapours, the-chaotic state of the comets, 1o rhers”
seem at first sight to indicate them altogether un- pheoomena.
fit for the purposes of animal life, and 2 most
miserable habitation for rational beings; and
therefore some® are of opinion that they are so
_* Mr. Whiston, in his Astronomicul Priociples of Reli-

Fion.
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cHap. many hells for tormenting the damned with pers
. petual vicissitudes of heat and cold. But when
we consider, on the other hand, the infinite
power and goodness of the Deity; the latter in.
clining, the former enabling, him to make crea-
tures suited to all states and circumstances; that
matter exists only for the sake of intelligent be-
ings ; and that wherever we find it, we always
find it pregnant with life, or necessarily subservi-
ent thereto ; the numberless species, the aston.
ishing diversity of animals in earth, air, water,
and even on other animals ; every blade of grass,
every tender leaf, every natural fluid, swarming
with life; and every one of these enjoying such
gratifications as the nature and state of each re-
quires. When we reflect, moreover, that some
centuries ago, till experience undeceived us, a
great part of the earth was adjudged uninhabit-
able; the torrid zone, by reason of excessive
heat, and the two frigid zones, because of their
intolerable cold ; it seems highly probable, that
such numerous and large masses of durable mat-
ter as the comets are, however unlike they be to
our earth, are not destitute of beinﬁcapable of
contemplating with wonder, and acknowledging
with gratitude, the wisdom, symmetry, andbeauty,
of the creation; which is more plamnly to be ob-
served in their extensive tour through the hea-
vens, than in our more confined eircuit. If far-
ther conjecture is permitted, may we not suppose
them instrumental in recruiting the expended
fuel of the sun, and supplying the exhausted
moisture of the planets? However difficult it
may be, circumstanced as we are, to find out
their particular destination, this is an undoubted
sruth, that wherever the Deity exerts his power,
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there he also manifests his wisdom and good- cHare
ness, el

95. The solar system here described is N0t a Thigstem
late invention ; for it was knowa and taught by ey 2oc-
the wise Samian philosopher Pythagoras, and moasrabic.
others among the ancients: but in latter times
was lost, till the 15 century, when it was again
restored by the famous Polish philosopher,
Nicholaus Copernicus, who was born at Thorn
in the year 1473. In this, he was followed by
the greatest mathematicians and philosophers
that have since lived ; as Kepler, Galileo, Des-
cartes, Gassendus, and Sir isaac Newton; the
last of whom has established this system on such
an everlasting foundation of ematical and
physical demonstration, as can never be shaken :
and none who understand him can hesitate about
it.
96. In the Ptolemean system, the earth wasThke Prole

supposed to be fixed in the centre of the universe ; 295,27,
and that the Moon, Mercury, Venus, the Sun,
Mars, Jupiter, and Saturn, moved round the
earth: above the planets, this hypothesis placed
the firmament of stars, and then the two
chrystalline spheres; all which were included in
and received motion from the primum mobile,
which constantly revolved about the earth in 24
bours from east to west. But as this rude
scheme was found incapable to stand the test of
art and observation, it was soon rejected by all
true philosophers ; notwithstanding the opposi-
tion and violence of blind and zealous bigots,

97. The Tychonic system succeeded the Pto- TheTychor
lemean system, but was never so generally re- parly true
ceived. In this the earth was supposed to stand 53 P
still in the centre of the universe or firmament
of stars, and the sun to revolve about it every

Vol L D
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CHAP. 24 hoursj the planets, Mercury, Venus, Mars,
w.._ Jupiter, and Saturn, going round the sun in the
times already mentioned. But some of Tycho’s
disciples supposed the earth to have a diurnal
motion round its axis, and the sun, with all the
above planets, to go round the earth in a year}
the planets moving round the sun in the foresaid
times. This hypothesis, being partly true and
partly false, was embraced by few; and soon
gave way to the only true and rational system,
restored by Copernicus, and demonstrated by
Sir Isaac Newton,®

98. To bring the foregoin iculars at once
in view, with segveral ot}i‘;rs gwpl?i::tlll follow, con-
cerning the periods, distances, bulks, &c. of the

planets, the following table is inserted.

¢ Longomantanus, the {riend and disciple of T'ycho,
supparted a hypothesie different from these, and approuch-
ing nearer than the rest to the system of Copernicus. He
maintained, with Prolemy, that the earth was the centre
of the universe ; and with T'ycho, that all the planets re.
volved roynd the eun, placed in one of the foci of their
clliptical orbits: but Ec held with Copernicus, that the
diurnal motion of the heavenly bodies arvse from the ro-
tation of the earth upon its axis, and thus got rid of one
of the strangest abjections to the system of his friend and
master.  This system explaing, in a satisfactory manner, all
the general astropomical phenomena,~Ep.
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CHAP, 11

THE COPERNKICAN SYSTEM DEMONITRATED TO HY
TRUE.

CHAP. 99, MATTBR is of itself inactive, and indiffer-
L ent to motion or rest. A body at rest can never
©f mare: Ut itself in motion ; a body in motion can ne-
wimeten, ver stop or move slower of itself. Hence, when
we see a body in. motion, we conclude some
other substance must have given it that motion ;
when we see a body fall from motion to rest, we
conclude some other body or cause stopt it,

100. All motion is naturally rectilineal. A
bullet thrown by the hand, or discharged from a
cannpn, would continue to move in the same di-

rection it received at first, if no other power di-

verted its course, Therefore, when we see a

body moving in a curve, of whatever kind, we
conclude it must be acted upon by two powers
at least : one to put it in motion, and another
drawing it off from the rectilineal course in which

- ae.it would 'ﬁt)herwise have chc;nlt.linued to move. 4
ity 1Q1. The power by which bodies fall towards
ossibe: the earth, is clz:loled thwiz or attraction. By this
power in the earth it is, %at all badies, on what-

ever side, fall in lines perpendicular to its surface.

O opposite parts of the earth, bodies fall in op-

posite directions, all towards the centrc, where
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the whole force of gravity is as it were accumu. CHaAP.
Iated. By this power constantly acting on bodies h_::’__,
near the earth, they are kept from leaving it al.
together ; and those on its surface are kept theres
to on all sides, so that they cannot fall from it.
Bodies thrown with any obliquity are drawn by
this power from a straight line into a curve, until
they fall to the ground : the greater the force by
which they are thrown, the greater is the dis-
tance they are' carried before they fall. If we
suppose a body carried several miles above the
earth, and there projected in an horizontal direc-
tion, with so great a velocity, that it would move
more than a semidiameter of the earth, in the
time it would take to fall to the earth by gravity ;
In that case, if there were no resisting medium in
the way, the body would not fall to the earth at
all, but continue to circulate round the earth,
keeping always the same path, and returning to
the point from whence it was projected, with the
same velocity as at first,

402. We find the moon moves round the Projectit=
earth in an orbit nearly circular. The moon, R e
therefore, must be acted on by two powers or
forces ; one of which would cause her to move in
a right line, another bending her motion from
that line into a curve. This attractive power must
be seated in the earth, for there is no other body
within the moon’s orbit to draw her.” ‘lheat-

v

7 1fthe moots revolve in her arbit, in consequence of an
attrecting power residing in the carth, she ought to be
attracted as much from the tangent of her orbit in & mis
nute. &s heavy bodies fall at the earth’s surface in a second
of time. Accordingly, it is found by calculation, that the
moon is deflected from the tangent, 16.00 feet in a minute,
which is the very space through which hexvy bodies de.
scend in a second of time at the earth’s surface.—Eo.

D3
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CHA?. tractive power of the earth, therefore, extends ta
w— . the moon; and,in combination with her projec-
tile force, causes her to move round the eartl*{efn
the same manner as the circulating body above
supposed.
She mo 108, The moons of Jupiter and Saturn are
sttrict cach Observed to move round their primary planets :
other.  therefore there is an attractive power in these
planets. All the planets move round the sun,
and respect it for their centre of motion : there-
fore the sun must be endowed with an attgact-
ing power, as well as the earth and planets. The
like may be proved of the comets. So that all
the bodies or matter of the solar system are pos-
sessed of this power ; and perhaps so is all mat-
ter whatsoever.*

104. As the sun attracts the planets with their
satellites, and the earth the moon, so the planets
and satellites reattract the sun, and the moon the
earth ; action and reaction beihg always equal.
This is also confirmed by observation; for the
moon raises tides In the .ocean, the satellites and

. planets disturb one another’s motions.

* ‘The doctrine of universal gravitation has been com-
pletely proved by the deviation of the plumb Lines of qua-
drats from the perpendicular, when placed in the vicinity of
large and solid mountaing. When the French astronomers,
BouFer and Condamine, were in Peruy, they found that
the large mountain Chimborzco, attracted the plumb line
“of the quadrant 8~ from its perpendicular position; and it
appears from Dr. Maskelyne’s experiments on Sheballion in
Perthshire, that the deviation amounted in this case 1o
6. See Phil. Trans. 1775, vol. Ixv, p. 2. Mr, Cavendish
suspended by a wire two leaden bally, fixed at the extrem-
ities of a wooden rod, and found that they were senmibly
attracted, when two large massce of lead wese placed at
diffcrent distances from them.—Enp,
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105, Every particle of matter beinfg possessed CHAP.
of an attracting power, the effect of the whole __
must be in proportion to the number of attract-
ing particles : that is, to the quantity of matter
in the body. This is demonstrated from experi.
ments on pendulums : for, if they are of equal
lengths, whatever their weights be, they always
vibrate in equal times. Now, if one be double
the weight of another, the force of gravity or at-
traction must be double, to make it oscillate with
the same celerity : if one is thrice the weight or
quantity of matter of another, it requires thrice
the force of gravity to make it move with the
same celerity; Hence it is certain, that the
power of gravity is always proportional to the
quantity ofg;':atter in bodies, whatever their bulks
or figures are, -

106. Gravity also, like all other virtues or
emanations, either drawing or impelling 2 body
towards a centre, decreases as the square or the
distance increases: that is, a body at twice the
distance attracts another with only a fourth part
of the force § at four times the distance, with a:
sixteenth part of the force. This too is confirms
ed from observation, by comparing the distance
which the moon falls in a minute from a right
line touching her orbit, with the space which
bodies near the earth fall in the same time:* and
also by comparing the forces which retain Jupi.
ter’s moons in their orbits. This will be more
fully explained in the seventh chapter.

107. The mutual attraction of bodies may be Gravitatien
exemplified by a boat and a ship on the water, ), \yome
tied by a rope. ' Let a man, either in a ship orphsed.
boat, pull the rope (it is the same in effect at
which end he pulls, for the rope will be equally

! Sec page 53, note.~En,
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CHAP. stretched throughout), the ship and boat will be
. drawn towards one another; but with this dif.
ference, that the boat will move as much faster
than the ship, as the ship is heavier than the boat.
Suppose the boat as lreavy as the ship, and they
will draw one another equally (setting aside the
* greater resistance of the water on the bigger
body), and meet in the middle of the first distance
between them. If the ship is 1,000 or 10,000
times heavier than the boat, the boat will be
drawn 1,000 or 10,000 times faster than the
ship; and meee proportionably nearer the place
from which the ship set out. Now, whilst one
man pulls the rope, endeavouring to bring the
ship and boat together, let another man, in the
boat, endeavour to row it off sideways, or at
right angles to the rope ; and the former, instead
okg being able to draw the boat to the ship, will
find it enough for him to keep the boat from go-
ing further off; whilst the latter, endeavouring
to row off the boatin a straight line, will, by
means of the other’s pulling it towards the ship,
row the boat round the ship at the rope’s length
from her. Here the power employed to draw
the ship and boat to one another, repgesents the
mutual attraction of the sun and planets, by which
the planets would fall freely towards the sun with
a quick motion; and would also in falling at-
tract the sun towards them. And the power
employed to row off the boat, represents the pro-
jectile force impressed on the planets at right
angles, or nearly so, to the sun’s attraction; by
which means the planets move round the sun,
and arg kept from falling to it. On the other
hand, if it be attempted to make a heavy ship go
round a light boat, they will mect sooner than
the ship can get round; or the ship will drag
the bout after it '
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108. Let the above principles be applied 10 the cHAP.
sun and earth ; and they will evince, beyond-a,_''"_,
possibility of doubt, that the sun, not the earth,
is the centre of the system ; and that the earth
moves round the sun as the other planets do.

For, if the sun moves about the earth, the
earth’s attractive power must draw the sun to-
wards it from the Eﬁe of projection, so as to bend
its motion into 2 curve. Bui the sun being at
least 227,000 times as heavy as the earth, by be«
ing so much weightier, as its quantity of matter
is greater, it must move 227,000 times as slowly
toward the earth, as the earth does toward the
sun; and, consequently, the earth would fall to
the sun in a short time, if it had not a very strong
projectile motion to carry it off. The earth, there-
fore, as well as every other planet in the system,
must have a rectilineal impulse, to prevent its
falling into the sun. To say, that gravitation re- Theabard.
tains all the other planets in their orbits without f.’i':,g'm'
affecting the earth, which is placed between thesinh a
orbits of Mars and Venus, ig as absurd as to sup- e

that 6 cannon bullets might be projected
upwards to different heights in the air, and that 5
of them should fall down to the ground; but
the 6, which is neither the highest nor the low-
est, should remain suspended in the air without
falling, and the earth move round about it.

109, There is no such thing in nature as a
heavy body moving round a light one as its cen-
tre of motion. A pebble fastened to a mill-stone
by a string, may, by an easy impulse, be made
to circulate round the millstone: but no im-
pulse can make a mill-stone circulate round a
loose pebble, for the mill-stone would go off, and
carry the pebble along with it.

110. The sun is so immensely bigger and
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CHAP. heavier than the earth,* that if he was moved out

-, of his place, not only the earth, but all the other

planets, if they wereytmited into one mass, would

be carried along with the sun, as the pebble
would be with the mill-stone.

111. By considering the law of gravitation,
which takes place throughout the solar system,
in another light, it will be evident that the earth
moves round the sun in a year, and not the sun
round the earth. It has been shewn (§ 106)

oy s that the power of gravity decreases as the square
wecele-rial of the distance increases; and from this it fol.
metens  lows, with mathematical certainty, that when two
or more bodies move round another as their cen-
tre of motion, the squares of their periodic times
will be to one another in the same proportion, as
the cubes of their distances from the central body.
Kepkiw  This holds precisely with regard to the planets
Tules round the sun, and the satellites round the
planets ; the relative distances of all which are
well known. But, if we suppose the sun to move
‘round the earth, and compare its period with the
moon’s by the above rule, it will be found that
the sun would take no less'than 178,510 days
to move round the earth, in which case our year
would be 475 times as long as it now is. To
this we may add, that the aspects of increase and
decrcase of the planets, the times of their seem-
ing to stand still, and 1o move direct and retro-
grade, answer precisely to the earth’s motion;
but not at all to the sun’s, without introducing
the most absurd and monstrous suppositions,
which would destroy all harmony, order, and
simplicity in the system. Moreover, if the earth

P Qs will be demonstrated in the ninth chapter.
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be supposed to stand still, and the stars to re- cHaP.
volve in free spaces about the earth in 24 hours, _ '™
it is certain that the forces by which the stars re-

volve in their orbits are not directed to the carth,

but to the centres of the several orbits; that is, The sowr-
of the several parallel circles which the stars on poyng the
different sides of the equator describe every day : *2n ot
and the like inferences may be drawn from the hoveround
supposed diurnal motion of the planets, since they e =%
are never in the equinoctial but twice, in their
courses with regard to the starryheavens. But,

that forces should be directed to no central body,

aon which they physically depend, but to innu-
merable imaginary points in the axis of the earth
produced to the poles of the heavens, is an hy-
pothesis too absurd to be entertained by any ra-

tional creature. And it is still more absurd to
imagine, that these forces should increase exactly

in proportion to the distances from this axis;

for this is an indication of an increase to infinity ;
whereas the force of attraction is found to de-
crease in receding from the fountain from whence

it flows. But the farther any star is from the
quiescent pole, the greater must be the orbit
which it describes ; and yet itappears to go round

in the same time as the nearest star to the pole
does. And if we take into consideration the
two-fold motion observed in the stars, one diur-
nal round the axis of the earth in 24 hours, and

the other round the axis of the ecliptic in 25,920
years, § 251, it would require an explication of
such a perplexed composition of forces, as could
by no means be reconciled with any physical

theory.”

* The striking difference between the light of the fixed
stars and that of the planets, is a strong proof th?t the
ormer

~
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cHar 112, There is but one objection of any weight
- that can be made against the earth’s motion round
Objections the sun ; which is, that in opposite points of the
agamut ibe oqrch’s orbit, its axis, which always keeps 2 pa.
tionan. rallel direction, would point to different fixed
wwered.  srars, which is not found to be fact. But this ob-
jection is easily removed, by considering the im-
mense distance of the stars in respect of the diam-
eter of the earth’s orbit, the latter being no more
than a point when compared to the former. If
we lay a ruler gn the side of a table, and along
the edge of the ruler view the top of a spire at
10 miles distance, then lay the ruler on the op-
posite side of the table in a parallel situation t0
what it had before, and the spire will stiil appear
along the edge of the ruler, because our eyes,
even when assisted by the best instruments, are
incapable of distinguishing so small a change at

50 great a distance,

118. Dr. Bradley, our present astronomer
royal, has found by a long series of the most ac-
curate observations, that there is a small apparent
motion of the fixed stars, occasioned by the aber-
ation of their light, and so exactly answering to
an annual motion of the earth, as evinces the
same, even to a mathematical demonstration.
Those who are qualified to read the doctor’s
modest account of this great discovery, may con

former shine by their own light, and have no connection
with our system. The lustre of the star Sirins is iofivitely

‘ wmore brilliant than that of Mercury and Penus, which re
ceive most b}ht from the Sun ; and yet Sirfusis unquestion-
ably situated without the orbit of the Georgium Sides
There must always be an immense difference between re
Jected or borroaved light, and that which is mative or directs
as a great quantity of Light is lost by reflection.—En.

]
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gltththe Philosophical Tmn;actio;;’:,g N°. bﬂﬁ CHAP,
r they may find it treated of at e by . —
Smith,* Lcu);g‘,s Desaguliers,* Rutherfurth, Mr.
Maclaurin,* and M. de fa Caille.®®

114, It is true that the sun seems to change why (e
his place daily, soas to make a tour round the sun appears
starry heavens in a year. But whether the sunnis pluce.
ar earth moves, this appearance will be the same ;
for, when the earth is in any part of the heavens,
the sun will appear in the opposite. And there-
fore, this appearance can be no objection against
the motion of the earth.

115. Itis well known to every person who
has sailed on smooth water, or been carried by a
stream In a calm, that however fast the vessel

oes, he does not feel its progressive motion.

e motion of the earth is incomparably more
smooth and uniform than that of a ship, or any
machine made and moved by human art: and
therefore it is not to be imagined that we can feel
its motion. .

116. We find that the sun, and those planets The earit's
on which there are visible spots, turn round their o0 2
axis, for the spots move regularlf over their discs.” monsuated,
From hence we may reasonably concludg, that
the other planets, on which we see no spots, and
the earth, which is likewise 2 planet, have such
rotations. But being incapable of leaving the

* Optics, b. 1, § 1178

* Astronomy, b, 2. § 834.

4 Phﬂﬂophy. 'ﬂl- i, p- 401, .

5 Account of Sir Tsaac Newton’s Philosophical discove
eries, b, 3, --§ 2 T 0 A .

9 Elemens 4'Adtrovomie, § 38n  -°

* See Appendix, vol, ii. :

Y The face of the sun, moon, ot any planet, as it appears
10 the eye, is called its dise,
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CHAP. earth,and viewing it at a distance, and its rotation
- being smooth and uniform, we can neither see it
move on its axis as we do the planets, nor feel
ourselves affected by its motion. Yet thereisone

effect of such a motion, which will enable us to

judge with certainty whether the earth revolves

on its axis or not. All globes which do not turn

round their axis will be perfect spheres, on ac-

count of the equality of the weight of bodies on

their surfaces ; especially of the fluid parts. But

all globes which turn on their axis will be oblate
spheroids ; "that is, their surfaces.will be higher,

or farther from the centre, in the equatorial than

in the polar regions; for, as the equatorial parts

move quickest, they will recede farthest from the

axis of motion, and enlarge the equatorial dia-

meter. That our earth is really of this figure, is
demonstrable from the unequal vibrations of a
pendulum, and the unequal lengths of degrees in
different latitudes. Since then the earth 1s high-

er at the equator than at the poles, the sea, which
naturally runs downward, or towards the places

which are nearest the centre, would run towards

the polar regions, and leave the equatorial parts

dry, if the centrifugal force of these parts, by

which the waters were carried thither, did not

keep them from returming. The earth’s equa-

torial diameter is 36 miles longer than its axis.?

anbodie 117, Bodies near the poles are heavier than
Beavier 3¢ those towards the equator, because they are near-
thur they er the earth’s centre, where the whole force of
t‘;:::’uff;‘_ the earth’s attraction is accurnulated, They are
also heavier, because their centrifugal force is

less, on account of their diurnal motion being

slower. For both these reasons, bodies carried

# See §. 76, note.
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from the poles toward the equator, gradually lose cHas
of their weight. Experiments prove thata 1"

pendulum, which vibrates seconds near the poles, ~

vibrates slower near the equator, which shews,

that it is lighter, or less attracted there. To make

it oscillate in the same time, it is found necessary

to diminish its length. By comparing the differs

ent lengths of pendulums swinging seconds at the

equator and at London, it is found that a pen-

dulum must be 2255 lmes shorter at the equa-

tor than at the poles. A lineis a twelfth pan

of an inch. : '

118. If the earth turned round its axis in 84™ How they
43*, the centrifugal force would berequal to the Mgk o=
power of gravity at the equator; and all bo-. weight
dies there would entirely lose their weight. If
the earth revolved quicker, they would all fly off
and leave it. .

119. A person on the earth can no more be The carths
sensible of its undisturbed motion on its axis, [ 1 @,
than one in the cabin of a ship on smooth water
can be senstble of the ship’s motion when it turns
gently and uniformly round. It is therefore no
argument against the earth’s diurnal motion, that
we do not feel it ; nor is the apparent revolutions
of the celestial bodies every day, a proof of the
reality of these motions; for whether we or they
revolve, the appearance is the very same. A per-
son looking through the cabin windows of 2 ship
as strongly fancies the objects on land to go round
when the ship turns, as if they were actually in
motion. .

' By comparing the observations made at Paris and
Spitzberg, the length of a pendulum at the equator is
464.y27 lines English, and the length ot a pendulum at
the pole 471,409 lines, so that a pendulura must be 2,055
tines English shorter at the cquator than at the polea.—En,
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CHAP, 120, If we could translate ourselves from
" planet to planet, we should still find that the stars
would appear of the same magnitudes, and at the

same distances from each other, as they do to us

bere, because the width of the remotest planet’s

orbit bears no sensible proportion to the distance

of the stars.. But then, the heavens would seem

to revolve about very different axis ; and conse-

‘To the dif- quently, those quiescent points, which are our
ferent Pla 1oles in the heavens, would seem to revolve about
heavens ap-other points, which, though apparently in motion
P and on  as seen from the earth, would be at rest as seen
diffecee  from any other planet. Thus the axis of Venus,
s which lies almost at right angles to the axis of the
earth, would have its motionless poles in two op-

posite points of the heavens lying almost in our
equinoctial, where the motion appears quickest,
because it is seemingly performed in the greatest

circle. And the very poles, which are at rest to

us, have the quickest motion of all as seen from

Vepus. 'To Mars and Jupiter the heavens appear

- to turn round with very different velocities on the
same axis, whose poles are about 231 ° from ours.

Were we on Jupiter, we should be at first amaz-

ed at the rapid motion of the heavens; the sua

and stars going round in @* 56 Could we go

from thence to Venus, we should be as much sur-

prised at the slowness of the heavenly motions ;

the sun going but once round in 584", and the stars

in 540*. And could we go from Venus to the

moon, we should see the heavens twrn round with

a yet slower motion, the sun in Y08*, the stars

in 655", As it isimpossible these various circum-
volutions in such different times, and on such dif-

ferent axes, can be real, so it is unreasonable to
suppose the heavens to revolve about our earth

more than it does about any other planet. When

we reflect on the vast distance of the fixed stars,
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to which 190,000,000 of miles, the diameter of CHAPR,
the earth’s orbit, is but a point, we are filled with .
amazement at the immensity of their distance.
But if we try to frame an idea of the extreme ra-
pidity with which the stars must move, if they
move round the earth in 24 hours,the thought be.
comes so much too big for our imagination, that
_ wecan nomore conceive it than we do infinity or
eternity, If the sun was to goround the earthin 24
hours, he must travel upwards of 300,000 miles
in a minute ; but the stars being at least 400,000
times as far from the sun as the sun is from us,
those about the equator must move 400,000 times
as quick. And all this to serve no other purpose
than what can be as fully and much more simp]
obtained by the earth’s turning round eastwar!,
as on an axis, every 24 hours, causing thereby
an apparent diurnal motion of the sun westward,
and bringing about the alternate returns of day
and night. : '

121. As to the common objections against the Objections
earth’s motion on its axis, they are all easily an. 2%
swered and set aside. That it may turn without wnal mo.
being seen or felt by us to do so, has been’al %"
ready shewn, § 119. But some are apt to im- _
agine that, if the earth turns eastward, (as it cer-
tainly does, if it turns at all), a ball fired perpen.
dicularly upward in the air must fall constderably
westward of the place it was projected from. The
-objection which at first seems tohave some weight,
will be found to have none at all, when we con-
sider that the gun and ball partake of the earth’s
motion ; and therefore the ball being carried for-
ward with the air as quick as the earth and air
turn, must fall down on the same place. A stone
let fall from the top of a main mast, if it meets
with no obstacle, falls on the deck as near the foor

Pol, IL E
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of the mast when the ship sails as when it does
not. If an inverted bottle, full of liquor, be hun

up to the cieling of the cabin, and a small hole
be made in the cork to let the liquor drop through
on the floor, the drops will fall just as far for.
ward on the floor when the ship sails as when it
is at rest. And gnats or flies can as easily dance
among one another in a moving cabin as in a fix.
ed chamber. As for those scripture expressions
which seem to contradict the earth’s motion, this
general answer may be made to them all, viz, it
is plain from many instances, that the scriptures
were never intended to instruct us in philosophy
or astronomy ; and therefore, on those subjects,
expressions are not always to be taken in the li-
teral sense, but for the most part as accommo.
dated to the common apprehensions of mankind.
Men of sense in all ages, when not treating of
the sciences purposely, have followed this me-
thod ; and it would be in vain to follow any other
in addressing ourselves to the vulgar, or bulk of
any community. Moses calls the moon a great
luminary (as it is in the Hebrew) as well as the
sun : but the moon is known to be an opaque
body, and the smallest that astronomers have ob-
served in the heavens, and shines upon us not by
any inherent light of its own, but by reflecting
the light of the sun. If Moses had known this,
and told the Israelites so, they would have stared
at him ; and considered him rather as a madman,
than as a person commissioned by the Almighty
to be their leader. :



'CHAP. 1V.

THE PHENOMENA OF THE HEAVENS A8 SEEN FROM DIF-
FERENT PARTS OF TIHE EARTH. ’

122. W are kept to the earth’s surface on all cuap.
sides by the power of its central attraction, which, V-
laying hold of all bodies according to their densi- yonre
ties or quantities of matter, without regard to their kept to the
bulks, constitutes what we call their weight. And 770>
having the sky over our heads, go where we will,
and our feet towards the centre of the earth, we
call it up over our heads, and down under our
feet ; although the same right line which is down
to us, if continued through and beyond the op-
posite side of the earth, would be up to the in-
habitants on the opposite side, For, the inhabit-
ants 1, f, €, M, I, 0, ¢, I, stand with their feet to-
ward the earth’s centre C; and have the same
figure of sky N, I, £, M, 8, 0, Q, L, over their Puare 11,
heads. Therefore, the point § is as directly up- & *
ward to the inhabitant s on the south pole, as N
is to the inhabitant » on the north pole; sois £
to the inhabitant e supposed to be on the north
end of Peruj and Q to the opposite inhabitant ¢
on the middle of the island Sumatra. Each of
these observers is surprised that his opposite or Amspoder.
antipode can stand with his h(i“ad hanging dewn-

. . 2
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cHAr. wards. But let either go to the other, and he
V- will tell him that he stood as upright and firm on
the place where he was, as he now stands where
heis. To all these observers the sun, moon,
and stars seem to turn round the points NV and §,
Axis of heas the poles of the fixed axis NCS, because the
world.  earth does really turn round the mathematical line
T poles. (s as round an axis, of which n is the north
pole, and s the south pole. The inhabitant U
Fig.a.  (Fig. 2) affirms, that he is on the uppermost side
of the earth, and wonders how another at L can
stand on the undermost side with his head hang-
ing downwards. But U in the meantime forgets
that in 12 hours time he will be carried half
round with the earth, and then be in the very si
tuation that I now is, although as far fromr};.im
as before. And yet, when U comes there, he will
find no difference as to his manner of standing ;
only he will see the opposite half of the heavens,
and imagine the heavens to have gone half round
the earth.
Howour  123. When we see a globe hung up in a room,
carth :‘:,‘ﬁ:f we cannot help imagining it to have an upper and
perand an an under side, and immediately form a like idea
uader 8dc. f the earth ; from whence we conclude, that it
is as impossible for people to stand on the under
side of the earth, as for pebbles to lie on the un-
der side of a common globe, which instantly fail
down from it to the ground ; and well they may,
because the attraction of the earth being greater
than the attraction of the globe, pulls them away.
Just so would be the case with our earth, if it
were placed near a globe much bigger than itself,
such as Jupiter, for then it would really have an
upper and an under side with respect to that large
globe, which, by its attraction, would pull away
every thing from the side of the earth next to i,
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and only those on.the top of the opposite or up- CHAp.
per side could remain upon it. But thereisno M-
larger globe near enough our earth to overcome
its central attraction, and therefore it has no such
thing as an upper and an under side ; for all bo.
dies on or near its surface, even to the moon, gra-
vitate towards its centre.
124, Let any man imagine that the earth and
every thing but himself is taken away, and he
left alone ;n the midst of indefinite space; he
could then have noidea of up or down ; and were
his pockets full of gold, he might take the pieces
one by one, and throw them away on all sides of
him, without any danger of losing them ; forthe
attraction of his body would bring them all back
by the ways they went, and he would.be down to
every one of them. But then, if a sun or any
other large body were created, and placed in any
of space several millions of miles from him,
e would be attracted towards it, and could not
save himself from falling down to it.
125. The earth’s bulk is but a point, as that¥g.
at G compared to the heavens; and therefore
every inhabitant upon it, let him be where he will,
as at n, e; m, &, &c. sees half of the heavens. The
inhabitant n on the north pole of the earth, con.
stantly sees the hemisphere KNQ; and having
the north pole N of the heavens just over his
head, his horizon® coincides with the celestial
equator £ECQ. Therefore all the stars in the Halt of ihe
northern hemisphere ENQ, between the equator X3 *-
and north pole, appear to turn round the line NG, inhabitant
moving parallel to the horizon. The equatonial 2f esr,

"The ntmost limit of a person’s view, where the sky
sects to touch the carth all around, is called his horizes,
which shifts as the persoan changes bis place.

E 3
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CHAP.
1v,

Lt

Phenomes
13 at the
poles

stars keep in the horizon, and all those in the
southern hemisphere E5Q are invisible. The like
phenomena are seen by the observer s on the
south pole, with respect to the hemisphere ESG,
and to him the opposite hemisphere is always in.
visible. Hence, under either pole, only one half
of the heavens is seen; for those parts which are
once visible never set, and those which are once
invisible never rise. But the ecliptic YCX, or
orbi¢t which the sun appears to describe once a-
year by the earth’s annual moton, has the half
YC constantly above the horizon ECQ of the
north pole n, and the other half CX always be.
low it. Therefore, whilst the sun describes the
northern half YC of the ecliptic, he neither- sets
to the north pole nor rises to the south; and
whilst he describes the southern half CX, he
neither sets to the south pole, nor rises to the
north. The same things are true with respectto
the moon, only with this difference, that as the
sun describes the ecliptic but once a-year, he is
for half that time visible to each pole in its turn,
and as long invisible; but 2s the moon goes
round the ecliptic in 27¢ 8%, she is only visible
for 13¢ 16°, and as long invisible to each poleby
turns, All the planets likewise rise and set to
the poles, because their orbits are cut obliquely
in halves by the horizon of the poles. When the
sun (in his apparent way from X) arrives at C,
which is an the 20 of March, he is just rising to
an observer at » on the north pole, and setting to
another at s on the south pole. ¥rom € he nses
higher and higher in every apparent diurnal re-
volution, till he comes to the highest point of the
ecliptic y, on the 21" of June, and then he is at
his greatest altitude, which is 28% °, or the arcEy,
equal to his greatest north declination ; and from
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thence he seems to descend gradually in every cHar.
apparent circumvolution, till he sets at C on the V"
23¢ of September, and then he goes to exhibit
the like appearances at the south pole for the
other half of the year. Hence, the sun’s apparent
motion round the earth is not in parallel circles,
but in spirals, such as might be represented by a
thread wound round a globe from tropic to tro-
pic, the spirals being at some distance from one
another about the equator, and gradually nearer
to each other as they approach toward the tropics.

126, If the observer be anywhere on the ter. phesome-
restial equator eCy, as suppose at ¢, he is in the st the
plane of the celestial equator, or under the equi-"
noctial £CQ; and the axis of the earth 2Cs is
coincident with the plane of his horizon, extend. Fig. 1.
ed out to ¥V and S, the north and south poles of
the heavens. As the earth turns round the line
NCS, the whole heavens MOLI seem to turn
round the same line, but the con way. Itis
plain that this observer has the celestial poles con-
stantly in his horizon, and that his horizon cuts
the diurnal paths of all the celestial bodies per-
pendicularly and in halves. ‘Therefore the sum,
planets, and stars rise every day, and ascend per-
pendicularly above the horizon for 6 hours, and
passing over the wmeridian, descend in the same
manner for the 6 hours following ; then set in the
horizon, and continue 12 hours below it. Conse-
quently, at the equator the days and nights are
equally long throughout the year. When the
observer is in the situation ¢, he sees the hemi-
sphere § £ N, but in 12 hours after he is carried
half round the earth’s axis to ¢, and then the he-
misphere SQN becomes visible to him,and S £ N
disappears. Thus we find, that to an observer
at either of the poles one half of the sky is al.



¥2 The Phenomena of the Heavens as seen

CHAP. ways visible, and the other half never seen ; but
"'~ to an observer on the equator, the whole sky is
seen every 24 hours.

The figure here referred to represents a celes.
tial globe of glass, having a terrestrial globe with-
in it, after the manner of the glass sphere invent-
ed by my generous friend Dr. Long, Lowndes’s
professor of astronomy in Cambridge.

Bemark. 127, If a globe be held sidewise to the eye at
some distance, and so that neither of its poles can
be seen, the equator £CQ, and all circles parallel
to it, as DL, yzx, ab X, MO, &c. will appear to
be straight lines, as projected in this figure, which
is requisite to be mentioned here, because we
shall have occasion to call them circles in the fol-
lowing articles of this chapter.*

Phenome- 128, Let us now suppose that the observer has

P ravmor gone from the equator e towards the north pole

wnd poler. 72, and that he stops at i, from which place he
then sees the hemisphere MEINL, his horizon
MCL having shifted as many degrees’from the
celestial poles N and §, as he has travelled from
under the equinoctial £. And as the heavens
seem constantly to turn round the line NC§ as an
axis, all those stars which are not so many de-

ees from the north pole N as the observer is
from the equinoctial, namely, the stars north
of the parallel DL, never set below the ho-
rizon ; and those which are south of the pa-

i

*A circle, or a thin circular plate, being turned edge-
wisc to the eye, so that none of its plane surfaces are scen,
appears to be a straight line ; and when one of these sur-
faces is seen, jt appears to be an ellipsc approaching near-
er and nearer to 2 circle as the eye rises above the cirenlar
plane, or as its inclination diminishes.

1A degree is the 360" part of a circle.
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rallel A/ never rise above it. Hence the form- cuap,
er of these two parallel circles is called the cir. V.
cle of perpetual apparition, and :he latter the cir- 7o
cle of perpetual occultation, but all the stars be-of perpe-
tween these two circles rise and set every day. b 3P
Let us imagine many circles to be drawn between occuliation.
these two, and parallel to them ; those which are
on the north side of the equinoctial will be un-
equally cut by the horizon MCL, having larger
portions above the horizon than below it, and the
more so, as they are nearer to the circle of per-
petual apparition; but the reverse happens to
those on the south side of the equinoctial, whilst
the equinoctial is divided in two equal parts by
the horizon. Hence, by the apparent turning of
the heavens, the northern stars describe greater
arcs or portions of circles above the horizon than
below it; and the greater, as they are farther
from the equinoctial towards the circle of per.
petual apparition, whilst the contrary happens to
all stars south of the equinoctial 3 but those upon
it describe equal arcs both above and below the
horizon, and therefore they are just as long above
as below it.
129. An observer on the equator has no drcle
of perpetual apparition or oc¢cultation, because all
the stars, together with the sun and moon, rise
and set to him every day. But, as a bare view
of the figure is sufficient to shew that these two
circles DL and MO are just as far from the poles
N and § as the observer at # (or one opposite to
him at o) is from the equator ECQ ; it is plain,
that if an observer begins to travel from the
equator towards either pole, his circle of perpe-
tual apparition rises from that pole as from a
point, and his circle of perpetual occultation from
the other. As the observer advances towards the
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eHAP. nearer pole, these two circles enlarge their diam.
. eters, and come nearer one another, until he
comes to the pole, and then they meet and coin.
cide in the equinoctial.  Omr different sides of the
equator, to observers at equal distances from it,
the circle of perpetual apparition to one is the

circle of perpetual occultation to the other.
why the  130. Because the stars never vary their dis
warswwartrances from the equinoctal, so as to be sensible in
seme parsl-an age, the lengths of their divrnal and noc-
:f‘],,‘,'_ g turnal arcs are always the same to the same places
;h;‘_tzla on the earth. But as the earth goes round the
T sun every year in the ecliptic, one half of which
is on the north side of the equinoctial, and the
other half on its south side, the sun appears to
change his place every day, so as to go once
round the circle ¥CX every year, § 114, There.
fore, whilst the sun appears to advance north.
ward, from having described the paralle] a & X
touching the ecliptic in X, the days continually
lengthen and the nights shorten, untit he comes
to ¥, and describes the parallel y z x, when
the days are ar the longest and the nights at
the shortest ; for then, as the sun goes no far.
ther northward, the greatest portion that is pos-
sible of the diurnal arc yz is above the hori.
zon of the inhabitant i, and the smallest portion
zr below it. As the sun declines southward from
¥, he describes smaller diurnal and greater noc-
turnal arcs, or portions of circles cvery day,
which causeth the days to shorten and nights to
iengthen, until he arrives again at the parallel
ab X; which having only the small part atl
above the horizon MCL, and the great part £ X
below it, the days are at the shortest, and the
nights at the longest, because the sun recedes no
farther south, but returns northward as before.
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Itis easy to see that the sun must be in the equi- CHAP.
noctial ECQ twice every year, and then the days '
and nights are equally long, that is 12 howrs each,

These hints serve at-present to give an idea of

some of the appearances resulting from the mo-

tions of the earth, which will be more particular.

Iy described in the 10" chapter.

181, To an observer at either pole, the hori- Fig- .
zon and equinoctial are coincident, and the sun oI:Iri;lu:.’
and stars seem to move parallel to the horizon ; »d ight
therefore such an observer is said to have a pa- what”
railel position of the sphere. To an observer
anywhere between either pole and equator, the
parallels described by the sun and stars are cut
obliquely by the honzon, and therefore he is said
to have an oblique position of the sphere. To an
observer anywhere on the equator, the parallels
of motion described by the sun and stars, are cut
perpendicularly, or at right angles, by the hori-
zon, and therefore he is said to have a right posi~
tion of the sphere. And these three are all the
different ways that the sphere can be posited to
all people on the earth,



CHAP. V.

THE PHENOMENA OF THE MEAYENS AS REEN FROM -
DIFFERENT PARTS OF THE SQOLAR BYTSEM.

CHAP, . .
Ve 132, So vastly great is the distance of the starry

b=y~ heavens, that if viewed from any part of the solar
system, or even many millions of miles beyond
it, the appearance would be the very same to us,
The sun and stars would all scem to be fixed on
one concave surface, of which the spectator’s eye
would be the centre,” But the planets being much
nearer than the stars, their appearances will vary
considerably with the place fgom which they are
viewed. :
133, If the spectator is at rest without their
orbits, the planets will seem to be at the same dis-
tance as the stars, but continually changing their
places with respect to the stars, and to one an-
other ; assuming various phases of increase and
decrease like the moon. And notwithstanding
their regular motions about the sun, will some.
times appear to move quicker, sometimes slower,
be as often to the west as to the east of the sun,
and at their greatest distances seem quite station-
ary. The duration, extent, and distance of those
. points in the heavens where these digressions be- -
gin and end, would be more or less, according to
the respective distances of the several planets from
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the sun ; but in the same planet they would con- ciar.
tinue invariably the same at all times, like pen-,__~_,
dulums of unequal lengths oscillating together,
the sharter move quick and go over a small space,
the longer move slow and go over a large space.
If the observer is at rest within the orbits of the
planets, but not near the common centre, their
apparent motions will be irregular, but less so
tgan in the former case. Each of ;he several
ets will appear bigger and less by tumms as

51]:; approach nmergt% or recede far{her from
the observer, the mearest varying most in their
size, They will alsc move quicker or slower
with regard to the fixed stars, but will never be
retrograde or stationary. .

184, If an observer in motion views the hea
vens, the same apparent irregularities will be ob-
served, but with some variation resulting from his
own motion. If he is on a planet which has a ro-
tation on its axis, not being sensible of his own
mation, he will imagine the whole heavens, sun,
planets, and stars, to revolve about him in the
same time that his planet turns round, but the
contrary way, and will not be easily convinced of
the deception. If his planet moves round the
sun, the same irregularities and aspects as above
mentioned will appear in the motions of the other
planets ; and the sun will seem to move among
the fixed stars or signs, directly opposite to those
in which his planet moves, changing its place
every day as he does. In a word, whether our
observer be in motion or at rest, whether within
or without the orbits of the planets, their motions
will seem irregular, intricate, and perplexed, un-
less he is in the centre of the.system, and from
thence the most beautiful order and harmony will
be seen.
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cHar.  135. The sun being the centre of all the plan.
V- ets motions, the only place from which their mo-
The sun's tions could be truly seen, is the sun’s centre,
cenere e where the observer being supposed not to turn
only pont . 5 - .
from which round with the sun, (which, in this case, we must
thetve  imagine to be a rransparent body) woukd see all
and places the stars at rest, and seemingly equidistant
oltepur from him. To such an observer, the planets
wen. would appear to move among the fixed stars, in
a simple, regular, and uniform manner; only,
that as in equal times they describe equal areas,
they would describe spaces somewhat unequal,
because they move in elliptic orbits, § 155. Their
motions would also appear to be what they arein
fact, the same way round the heavens, in paths
which cross at small angles in different parts of
the heavens, and then separate 2 little from one
another, § 20. So that, if the solar astronomer
should make the path or orbr of any planet a
standard, and consider it as having no obliquity,
§ 201, he would judge the paths of all the rest
to be inclined to it, each planet having one half
of its path on one side, and the other half on the
opposite side of the standard path or orbit. And
it he should ever see all the planets start from a
conjunction with each other,* Mercury would
move so much faster than Venus as to overtake
her again, (though not in the same point of the
heavens) in a quantity of time almost egial to
145 of our days and nights, or, as we commonly

s

4 Here we do not mean such a conjunction, as that the
pearer planet should hide 2l) the rest from the observer®
sight; (for that would be imposaible, unlegs the intersece
tione of all their orbits were coincideat, which they 3t
not,  See § 21.) but when they were all in a line crossiff
the standard orbit at right angles.

4
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call them, natural days, which include both the CHBAP.
days and nights. Venus would move so much _~__
faster than the earth, as to overtake it again in

585 natural days. The Earth so much faster than

Mars, as to overtake him again in 778 such days.

Mars so much faster than Jupiter, as to overtake

him again in 817 such days ; and Jupiter sc much

faster than Saturn, as to overtake him again in

7236 days, all of our time.

186. But as our solar astronomer could have The judg.
no idea of measuring the courses of the planets T Wi
by our days, he would probably take the period nomer
of Mercury, which is the quickest moving planet, pon)y niake
for a measure to compare the periods of the sncroing
others by. As all the stars would appear qui- cances and
escent to him, he would never think that they bukeofthe
had any dependance upon the sun; but would"
naturally imagine that the planets have, because
they move round the sun. And itjisby no means
improbable, that he would conclude those planets,
whose periods are quickest, to move in orbits
proportionably less than those do which make
slower circuits. But beingy destitute of 2 method
for finding their parallaxes, or, more properly
speaking, as they could have no parallax to him,
he could never know any thing of their real dis-
tances or magnitudes. Their relative distances
he might perhaps guess at by their periods, and
from thence infer something of sruth concerning
their relative bulks, by comparing their apparent
bulks with one another. ¥or example, Jupiter
appearing bigger to him than Mars, he would
conclude it to be much bigger in fact; because
it appears so, and must be grther from him, on
account of its longer period. Mercury and the
earth would seem much of the same bulk ; but
ky comparing its period with the earth’s, he would
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(.‘H‘?l". contlude that the earth is much farther from him
w_._ than Mercury, and, consequently, that it must be
really bigger?, though apparently of the same

bulk; and so of the rest. And as each planet

would appear somewhat bigger in one part of its

orbit than in the opposite, and to move quickest

when it scems biggest, the observer would be at

rio loss to conclude that all the planets move in

orbits, of which the sun is not precisely in the

_ centre.
Thephret- 187, The apparent magnitude of the planets
ry motions S .
vetyirregn. continually change as seen from the earth, which
br 2 acen demonstrates that they approach nearer to it, and
erth,  recede farther from it by turns.  From these
phenomena, and their apparent motions among
the stars, they seem to describe looped curves,
which never return into themselves, Venus’s path
excepted. And if we were to trace out all their
apparent paths, and put the figures of them to.
gether in one diagram, they would appear so
anomalous and confused, that no man in his
senses could believe them to be representations
of their real paths; but would immediately con.
clude, that such apparent irregularities must be
owing to some optic illusions. And, after a
good deal of inquiry, he might perhaps be at 2
loss to find out the true cause of these irregulari-
ties; especially if he were one of those who
would rather, with the greatest justice, charge
frail man with ignorance, than the Almighty with
being the author of such confusion.

;"‘c‘xl:’: 138. Dr. Long, in his first volume of Astrono-

a6d Venus MY, has given us figures of the apparent paths of

o2 all the planets, separately from Cassini; and on
seeing them I first thought of attempting to trace
some of them by a machines that shews the mo.

$ The orrery fronting the title-page.,
%
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tiohs of the Sun, Marcuz, Venus, the Earth, and CHAP.
Moon, according to the Copernican system. -
Having waken off the Sun, Mercury, and Venus,

I put black lead pencils in their places, with the
points turhied upward ; and fixed a tircular theet

of paste-board so, that the #arth kept constantly
m&r its ¢entre in going round the sun ; and the
paste-board kept its parallelism. Then pressng
gently with one hand upon the paste-board, to
make it touch the thrée pencils, with the other
hatid 1 surned the winch that moves the whole
machinery : and as the earth, together with the
pencils in the places of Mercury snd Venus, had Fig.1.
their proper motionts round the sun’s pencil,
which kept at rest in the centre of the machine,
all the three pencils described a diagram, from
which the fiest figure of the third plate Is truly
copied in a snaller size, A5 the earth moved
round the sun, the sun’s pendil descrided the
dotted circla of months, whilst Mercury’¢ pencil
drew the curve with the greatest number of Joops,
and Venug’s that with the fewest, Inthelrinferior
conjunctions they come as much nearer the earth,

or within the circle of the sun’s apparent motion
round the heavens, as they go beyond it in thelr
superior conjunctions. On each side of the
Joops they appear statfonary : in that part of each
loop next the earth retrograde; and in all the
rest of thelr paths direct.

If Cassini’s figures of the paths of the sun,
Mercury, and Venus, were put together, the
figure as above traced out, would be exactly like
them. k represents the sun’s apparent motien
round the ecliptic, which is the same every year;
Mercury's motion for seven years, and Venus's
for ;§h}; in which time Mercury’s path makes

ol. L )
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cHar. 28 loops, crossing itself so many times, and Ve.
. nus’sonly 5. In 8 years Venus falls so near-
ly into the same apparent path again, as to de.
viate very little from it in some ages; butin
what number of years Mercury and the rest of
the planets would d&cribe the same visible paths
over again, | cannot at present determine. Hav-
ing finished the above figure of the paths of
Mercury and Venus, I put the eclipuc round
them as in the Doctor’s book ; and added the
dotted lines from the earth to the ecliptic for
“shewing Mercury’s apparent or geocentric mo-
tion therein for one year; in which time his
path makes three loops, and goes on a little far-
ther, which shews that he has three inferior, and
as many superior, conjunctions with the sunin
that time; and also that he is six times station-
ary, and thrice retrograde. Let us now wrace

his motion for one year in the figure.
Suppose Mercury to be setting out from A'to-
wards B (between the earth and left hand corner
Fig.r.  of the plate}, and as seen from the earth, his mo-
tion will then be direct, or according to the order
of the signs. But when he comes to B, he ap-
pears to stand stll in the 23° of m at F| as shewn
by the line B F. 'Whilst he goes from B to (,
the line B F, supposed to move with him, goes
backward from F to £, or contrary to the order
of signs; and when he is at G, he appears §ta-
tionary at K, having gone back 111° Now,
suppose him stationary on the 1** of January a
C, on the 10™ thereof he will appear in the hea-
vens as at 20, near F; on the 20™ he will be
seen as at G; onthe 31* at H; on the 10 of
February at ; on the 20 at X; and on the 28"
at L ; as the dotted lkines shew, which are drawn
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through every 10® day’s motion in his looped cHaP.
path, and continued to the ecliptic. Onthe 10® V-

of March he appears at M; on the 20 at N; =~ ¥
and on the 81" at 0. On the 10™ of April he
appears stadonary at P; on the 20™ he seems to
have gone back again to O; and on the 30™ he
appears stationary at Q, having gone back 11;°,
Thus Mercury seems to go forward 4' 11°,
or 131°; and to go back only 11°0r 12°% ata
mean rate. From the 30" of April to the 10™
of May, he seems to move from Qo R; and on
the 20" he is seen at §, going forward in the
same manner again, according to the order of
letters, and backward when they go back; which
it is needless to explain any farther, asthe reader
can trace him out so easir , through the rést of
the year. The same appearances happen in Ve-
nus’s motion; but as she moves slower than
Mercury, there are longer intervals of time be-
tween them.

Having already, § 120, given some account of
the apparent diurnal motions of the heavens as
seen from the different planets, we shall not
trouble the reader any more with that subject.

Fa



CHAP. V1.

ITHE PTOLEMEAN SYETEM REFUTED. THE MOTIONS
AND PHABES OF MERCURY AND VENEY EXPLAINED.

cuir. 139, Toe Tychonic system, § 87, being suff.
Vi clently refuted by the 109® article, we shall say
nothing more about it.

140. The Ptolemean system, § 96, which as
serts the earth to be at rest in the centre of the
universe, and all the planets with the sun and
stars to move round it, is evidently false and ab-
surd ; for, if this hypothesis were trye, Mercury
and Venus could never be hid behind the sun, as
their orbits are included within the sun’s: and,
again, these two f{)lanets would always move di-
rect,and be as often in opposition to the sun asin
conjunction with him. But the contrary of all
this is true: for they are just as often behind the
sun as before him, appear as often to move back-
wards as forwards, and are so far from being seen
at any time in the side of the heavens opposite to
the sun, that they were never seen a quarter of 2
circle in the heavens distant from him.

Apperr. 141. These two planets, when viewed at dif-
ey ferent times with a good telescope, appear in all
and Venur the various shapes of the moon ; which is a plain
proof that they are enlightened by the sun, and
shine not by any light of their own: for if they
did, they would constantly appear round as the
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suts does ; &d ¢otild h:‘er;r be see;r ke dutk cHar.

 sithy whett they pass divectly be. :
murm and ws. Thelr re;{xlar phases de%om "
strate them to be spherical Bodies; 23 miay be
shewn by the followmng experiitent.

Hang an ivory tall by a thread, dnd et any Experi-
person move it round the flame of a candle, 70
two or three yards distatice from your eye; whert arc rovnd.
the ball I¢ beyond the candle; so a4 to be almost
hid by the flame, its enlightened side will be to-
wards you, and uppear round ke the full moon:
when the Wall s between you und the candle, #s
enlightened side will disappear, as the moont does
at the chatige : when it & Malf way betwesit these
two positionisy it will sppear half ithiminmted; like
the moon in her: quarters; but in every other
place berweett thede positions, # will appedr more
or less horned, or gibbous, If this expetinent
be made with a flat cireular phite; you may
make it appear fully enkightented; of tiot en.
lightened at all ; bt can pever make it scem
either hornted or gilbous.

14%. If you remove about six or seéven yardsPuasx it
from the candle, and place yourself so that its 0
flame may be jﬂst about the he.ight of your eye,preent the
and then desire the other person to move the ball 7oien
slowly round the candle as before, keeping it asand Veaus.
near of #n equal height with the flimne as he pos-
sibly can, the ball will appeat to you fiot to move
in a clrcle, but to vibrate backwird and forward
like a pendulum, moving quickest when it is di-
rectly between you and the candle, and when &.
rectly beyond it; and gradually slower as it goes
farther to the right or left side of the flamte, wntil
it appears at the greatest distance from the flame;
and then, though it continues to move with the
sarne velocity, it will seem to stand still for a me-

¥s
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CHAP. ment. In every revolution it will shew all the

- above phases, § 141; and if two balls, a smaller.
and a greater, be moved in this manner round
the candle, the smaller ball being kept nearest
the flame, and carried round almost three times
as often as the greater, you will have a tolerable
good representation of the apparent motions of
Mercury and Venus; especially, if the bigger ball
describes a circle almost twice as large in dia-
meter as the circle described by the lesser. -

Fig. 3 148, Let 4 B C D Ebe 2 part or segment of
the visible heavens, in which the sun, moon,
pianets, and stars, appear to move at the same
distance from the earth £. For there are cer.
tain limits beyond which the eye cannot judge of
different distanices ; as is plain from the moon's
appearing to be as far from us as the sun and
stars are. Let the circle fghikimno be the orbit
jn which Mercury m moves round the sun §, ac-
cording to the order of the letters. 'When Mer-
cury is at f, he disappears to the earth at £, be-
cause his enlightened side is turned from it; un.

The tlos- less he be then in one of his nodes, § 20, 24 ; in

Bgrersions Which case he will appear like a dark spot upon

of Mercury the sun.  When he is at g in his orbit, he ap-

wn . pears at B in the heavens, westward of the sun
§, which is at C: when at & he appears at 4, at
his greatest western elongation or distance from
the sun; and then seems to stand stiil. But, as
he moves from & to 4, he appears to go from A
to B; and seems to be in the same place when
at i, as when he was at g, but not near so big:
at 4 he is hid from the earth E by the sun g ;
_being then in his superior conjunction. In go-
ing from & to J, he appears to move from € to
D; and when he is at # he appears stationary at
E ; being seen as far east from the sun then, as
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he was west from him at 4. In going fromnto ¢uae,

¢ in his orbit, he seems to go back again in the VL

heavens, from E to D; and is seen in the same =™V

place (with respect to the sun) at o, as when he

was at /; but of a larger diameter at o, because

he is then nearer the Earth £ : and when he

comes to_f, he again passes by the Sun, and dis-

appears as before. In going from = to % in his

orbit, he seems to go backward in the heavens

from £ to A4; and in going from % to n, he

seems to go forward from A to E. As he goes

on from £, a little of his enlightened side at g is

seen from E ; at A he appears half full, because

half of his enlightened side is seen ; at 4, gibbous,

or more than half full ; and at % he would ap-

pear quite full, were he not hid from the Earth

£ by the sun 8. At / he appears gibbous again:

at n half decreased, at o horned, and at f new,

like the moon at her change. He goes sooner

from his eastern station at n, to his western sta.

tion at A, than from % to n again; because he

goes through less than half his orbit in the for.

mer case, and more in the latter. -
144. In the same figure, let FGHIKXLMN be piate 11,

the orbit in which Venus v goes round the SunFi& 3

S, according to the order of the letters: and let

E be the Earth, as before. When Venus is at F, The eton-

she is in her inferior conjunction; and disappears, Soom 21

like the new Moon, because her dark side is to- Venus.

ward the Earth. At G, she appears half enlight.

ened to the Earth, like the Moon in her first quar-

ter : at H she appears gibbous; at 7 almost full,

her enlightened side being then npearly towards

the Earth; at X she would appear quite full to

the Earth E; but is hid from it by the Sun §:

at L she appears upon the decrease, or gibbous ;

at M more s0; at Nonly half enlightened ; and
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cuap. at Fshe disappears again.  In moving from N
¥i. to G, she seems to go backward in the heavens;
m and from G to N, forwards; but as she describes
est vlonga- @ much greater portion of her orbi in going
tious of from G to N, than