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ELEMENTS OF

NATURAL PHILOSOPHY.

P A RT AV

ASTRONOMY,.

HE nature of the luminous objetts that are

feen in the heavens, and of which the

moon is the neareft to us; their number, their dif-

fances, their -movements, with the appearances

which arife therefrom, and the ufeful purpofes to

which the human fpecies has applied the know-

ledge of thofe particulars, form the fcience of
aftronosmy.

To the vulgar eye the heavenly bodies offer an
unprofitable, confufed, but pleafing, fpectacle. The
leaft obfervation fhews that the feafons, the lengths
of days ang nights, the viciffitudes of heat and cold,
&cc. are conne@ted with particular fituations of the
celeftial bodies. Farther obfervations po?nt out the
entire dependance of the former upon the latter, as

VOL. IV. B alfo




2 Aftronomy.,
alfo the periodical returns of the fame circume
ftances.

The periods of the moft remarkable phenomena
have been afcertained from time immemorial ; and
when we confider the accuracy of certain obferva-
tions, the fcarcity of opportunities, and the want of
the telefcope as well as of other inftruments, we ‘are
forced to acknowledge and to applaud the ingenuity
of our forefathers,

Every age has added fomething to the ftock of
aftronomical knowledge; but, fince the fixteenth
century, the advancement has been much more ra-
pid than the fimple proportion of the times; and
we may with fatisfaction boaft of the aftronomical
difcoveries which have been made within the 1aft
30 years.

The prefent knowledge of this moft noble feience
can affign a proper reafon for almolt every particu-
lar phenomenon; it {ubje@s them to fric, to un-
anfwerable, calculation ; and deduces eSential bene-
fits from the refults.

The vulzar, whofe minds feldom conne® more
than two ideas, may laugh at the employment of

xamiping with unwearied toil, what is {o far re-
moved from vs; and they may wonder that afro-
nomers fhould bé fo anxious to afeerrain not oaly
the day or the hour, but even the very moment
when a certain celeftial appearance is to take placey
or when a ftar, which is hardly vifible, will come
within a certain diftance of the fun, or of the moon.
5 Bt




Aftronomy. 3
But whoever endeavours to trace the influence,
whether immediate or remote, of thole peculiar ac-
curacies upon {cience in general, and upon the va-
Yious human affairs; whoever confiders that they
afford the means, and the only accurate means, by
Which the mariner can navigate the oceans, and can
find his exatt fituation at {ea; which afford the
accurate mealurement of time; by which the real
diftances of places upon the furface of the earth can
be determined ; which furnith ftandards of weights
and meafures, &c. whoever, 1 fay, confiders this
various and extenfive influence, will undoubtedly
find abundant reafons for admiring and for encou-
raging the utmoft diligence and the moft ferupulous
accuracy in the ftudy of aftronomy.

Were the motions of the celeftial objeéts uniform
and regular, the calculation of their afpe@ts wouid
be accomplithed with facility. But the apparent
irregularities of thofe objects, render the inveftiga-
tion of their movements, and the calculations for
their appearances, extremely intricate; nor could
the fcience have attained the prefent much im-
proved ftate, had it not been affifted by all the
fublimefl branches of mathematics, and by the ad-
mirable mechanical improvements of later times ;
fuch as time- keepers, telelcopes, quadrants, and
other inftruments.

Before we enter into the particular ftatement of
the number, the order, the motions, and the

B2 mutual




4 Aftronomy.

mutual dependence of the celeftial objetts ; as alfy
before we endeavour to determine their real from
their apparent motions and fituations, it will be ne-
ceflary to ftate certain principles, which, though
obvioufly true, will however much aflil the be-
ginner in the comprehenfion of the fcience, as alfo

will render the fubfequent chapters more perfpicn-
ous and concifg,




CHAPTER. L

PRELIMINARY PRINCIPLES.

T has been fhewn in the principles of optics,
L (vol. ITI.) that our fight judges of the diftances
of objetts of unknown fizes and fhapes, only by the
converging of the oprical axis, and by the parts of
thofc objects appearing more or lefs diftinét; but
when the object is beyond a certain limit, which
hardly exceeds a few miles, the inclination of the
optical axis of our eyes becomes unalterable, and
diftin¢t vifion becomes doubtful. Therefore thole
objects which are at immenfe diftances from us, as
the celeftial bodies, appear as if they were fituated
on the internal furface of an hollow fphere, and we
might eafily be led to believe that they are equally
diftant from us, had we not other moft conclufive
proofs of their being varioufly removed from wus, as
well as from each other.

It is almoft ufelefs to obferve that the angular dif-
tances of objects are quite different from their linear
or true diftances. The angular diftance relates to a
particular point as a centre, and is meafured by the
arc of a circle which has that point for centre,

E 3 Thus,




6 Preliminary Principles.

Thus, to a fpettator at A, fig. 1. Plate XXVI.
the angular diftance of the two objedts, B and C, is
meafured by the arc FG, of the circle HFG, whofe
centre is A ; and it 15 immaterial whether this circle
be large or finall ; for the arc which is intercepted
by the lines AB, AC, (whofe inclination BAC is
the angular difiance between the objeéts B-and C)
bears always the fame proportion to the whole cir-
cle of which it is a part; viz. FG is fuch a part
of the circle HFG, as fz 15 of the circle bf g.

Theare FG may happen tobe atenth or a thirtieth,
o, in fhort, any other part of the whole circle; but
for the conveniency of exprefling this parg, the whole
circle isdivided, oris fuppofed to be divided, into 360
equal parts called degrees, each degree is fubdivided
into 60 equal parts called minates, each minute is
divided into 6o equal parts ‘called feconds ; each fe-
cond s likewife divided into 60 equal parts called
hirds, and fo on; bur divifions, fmaller than a fe-
cond, are more commonly exprefled in decimals of
a fecond; then if the arc F'G be the tenth part of
the circle, it is faid to be equal to 36 degrees ; be-
¢aufe 36 is the tenth part of 360; if it be the
soth part of the circle, it is fuid to be equal to 12
degrees, becaufe 12 is the Joth part of 360 ; and fo
forth. !

Inftead of the word degrees, a fmall © is more
commonly placed on the right hand fide of the -
number, and a little above it; inflead of the word
niznies a little ftroke is more commonly annexed to

the
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reliminary Principles. 7
the number; and two fuch ftrokes denote feconds,
&c. : thus, the expreflion 24°, 13, 22",5, means 2.4
degrees, 13 minutes, 22 {econds, and half a fecond,
or g-tenths of a fecond.

It is evident that in fig. 1, to a fpectator at A, the
obje&s B and C; or D and C, orDand E, cr B
and E, have exa&tly the fame angular diftance,
though their real diftances from each other are fo
evidently various. Hence it follows, that the move-
ments of a diftant body cannot be known, except by
the change of the angular diftance between that and
fome other body which is either fixed or moving in
a determinate way. When a body moves in a ftraight
line, either dire@ly towards us or from us, we judge
of its approachirg to, orof its receding from, us, by
the apparent enlargement or contraélion of its di-
menfions ; as is (hewn by the plaineft propofitions
of trigonometry ; and from the meafurements of
thofe dimenfions, and one or two morz data, we can
frequently determine the real fize of the body.—
That the fame body in motion will appear to move
either regularly or irrcgniarly, or even to ftand

ill, according to the different fituations af the
ipectator, will be illuftrared by the following ex-
ample .

Let a body A, fig. 2, Plate XXVI. move re-
gularly along the circumference of the circle ABCD,
viz. fuppofe it to defcribe equal arcs in equal times ;
thch it Is clear that to a fpetator fituated at E,
which is the centre of the circle, the body A will

B 4 appear
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8 Preliminary Principles.

appear to move equably and regularly one way 3 but
if the fpectator be ftuated at any other point within
the circle, as for inftance at H, then the fame body
A, will appear to move at different rates, according
as it comies nearer to, or gaes farther from, the ob-
ferver ; for, fuppofe the arcs A F, GG, to be equal,
and of courfe to be defcribed in egual times; then
the angle AHF, being fmaller thap the angle
G HC, the revolving body will appear to move
flower from A to F, than from C to G. Yet it
muft be obferyed that the body A will always appear
to move one way, and not to go back or to ftand fill
during any. quantity of time ; as is the cafe when the
{pectator himfelf is in motion, or when he is fituat-
ed out of the circle, butin the fame plane. Let,
for inftance, a body move equably along the cir-
cumference of the circle AB DF P, fig. 3, Plate
XXVI.; viz. to deferibe the equal arcs A B, B D,
DE, EF, &c. in equal times ; and fuppofe the
Ipectator to be fituated at O in the fame plane in
vhich the circle is, but out of its circumference ;
then when the body moves from A to B, its appa-
rent motion is meafured by the angle A O B, or by
the arc HL, which it will appear to delcribe, In
an equal portion of time the body defcribes the arc
BD (equal to A B), and this apparent motion is
meafured by the angle B O D, or by the arc L M,
which is fmaller than the arc HL ; and of courfe
the body will appear to have flacked its motion,—
In another equal portion of time the body goes

from




Preliminary Principles. 9
from D to E; but as this arc DE, nearly coincides
with: the line D M O, the body will appear to be
almoft ftationary during that time. It then pro-
¢ceeds from E to F, in another equal portion of
time, but now the body will appear to go back from
M to I; viz. to be refrograde, and this retrograde
motion will continue until the bedy reaches the arc
QP, where it will again appear to be almoft fta-
tionary ; then ic will appear to go again from the
lefe towards the right, &c.

This optical inegu
muft ev

/ity (as the aftronemers call ic),
idently be various, according as the {pecta-
tor is fitwated near to or farther from the circular
Path; hence thofe, who are {ufficiently fkilled in the
mathematics, may from the obfervations of thofe
unequal movements, often determine the diftance
of fuch a moving body from the place of obferva-
tion; and from the appearance of its motions, as
feen from a certain place, they may determine what
Ppearance its motions muft have from fome other
given place.

If, inftead of being in the fame plane, the fpe@a-
tor be firuated above the plane of the circular path,
the motion of the body muft likewife appear un-
€qual; excepting however when the {pettator s in
fome point of the ftraight line which paffes through
_ﬂ“" centre, C, of the circle, and is perpendicular to
is plane,

If; inftead of moving in a circular, the body

moved in an elliptical, orbit; fimilar apparent ine-

qualities




1o Preliminary Principles.

qualities muflt evidently take place. Hitherto the
ipectator has been fuppofed to remain immoveable,
cither within or without the circular path of the
moving body. But when the place of the obferver
is itfelf alfo in motion, then the appearances will be
very different, as may be eafily conceived by re-
fle€ting on the apparent motion of bodies to perfons
on a failing fhip; or as it may be deduced from what
has been faid with refpet to relative motion in the
firft volume of thefe Elements.—In this cafe not
only the regularly moving body may appear to
move irregularly, but quick motions may appear
flow, and flow motions may appear quick ; bodies
at reft may appear to move, and moving bodies
may appear to be at reft ; or their movements
may appear to be quite contrary to what they really
are.

Before we conclude this chapter, and before we
begin to examine what belongs to the celeftial ob-
jects, it will be neceffary to remove fome erroneous
ideas, which are pretty commonly entertained by un-
inftruéted perfons concerning the earth which we
inhabit.

The fhortnefs of our fight enables us to behald
but a very finall portion of the furface of the earth
at one time, and that portion appears to be an im-
menfe plain with fome accidental elevations, called
mountains, hills, &c. and fome depreflions moftly

lied with water, {uch as feas, lakes, &e,

A variety of eafy but conftant obfervations prove

beyond
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Preliminary Priuciples. o S
beyond a doubt, that what, at firlt fight, appears to
be a vaft far, or plain, is, in truth, a convex fur-
face; and upon a firicter inquiry, it appears to be the
furface of an oblate fpheroid, viz. of a globe a little
comprefled on two oppofite fides.—Some of the
obfervations which prove the reality of this figure,
are hereto briefly fubjoined. Others of a nicer
nature will be found in other chapters of this part,

It is conltantly obferved by all mariners, that as
they fail from any hish objeéts, fuch as mountains,
rocks, fteeples of churches, &ce. they firft begm to
lofe fight of the lower parts of thofe objefts, and
then gradually lofe fight of their higher parts. Alfo
perfons on the fhore firft difcover the upper parts of
the mafts of approaching veilels, and then by de-
grees fee the lower parts in proportion as the veflel
comes nearer to the fhore. In the fame manner,
when failors approach a country, they firft difcover
the higheft parts of that country from the tops of
the mafts, and then fee the loweft parts, or {ee the
fame parts from the deck of the thip. ,

In all thofe cafes, the obftruftion to the fight
arifes from the intervening curvature of the earth ;
and in this ref} pe&t no affiftance can be derived from
the ufe of the telefcope ; for the telefcope will only
hable the obferver to fee more diftinétly that part
of ‘the obje&t which is not behind the convexity of
the earth, Thys in fig. 4, Plate XX VI, the loweft
part of the object A cannot be feen by the veffel at
B, on account of the intervening curvature of the

earth,




12 Preliminary Principles.
carth T. The veffel E will be able to fee a fmaller
part of the fame objeét A, becaufe a greater quan-
tity of curvature is between that objet and the
vellel E.  When the veffel fails farther off, asat T,
the objedt A difappears entirely.

So far the obiervations prove that the furface of
the earth is convex ; but that this curvature returns
into itfelf, viz. is continued all round without any
interruption; is proved by this; namely, that various
navigators have failed ali round the earth, and at laft
have returned to the very fame place from which
they originally failed. ‘They have not indeed failed
i an exact circle, for that is prevented by the fitu-
ation of the lands; but by going in and out accord-
ing as the coafts happened to lie, they have kept on
the fame courfe upon the whole, and have arrived to
the fame place fromranother fide.

Thofe who level grounds for the purpole of form-
ing canals, &c. foop perceive that the real level is
net a ftraight line, but a curve, whofe centre is
the fame as the centre of the earth. The furface
of water, which is level, follows the fame curva-
ture.

Were the earth.a perfect fphere, the curvature
would be the fame in every part of its furface ; but
the moft accurate obfervations and meafurements
which have been made with the niceft inflruments,
fhew that this curvature differs a little in different
parts, and from thofe differences, according to the
lateft mealurements, it bas been calculated, 1ft, that
the




Preliminary. Principles. 13
the real figure is not much different from that of a
ipheroid generated by the metion ofa ﬁ:mi—f]lipﬁ%
about its minor akis; 2dly, that its axis or fhorteft
diameter; viz, a line fuppofed to be drawn through
its centre, from one of its flattelt parts to the other,
is nearly equal to 7893,5 Englith miles, and irs
longeft diameter, viz. a line drawn through the
centre from one moft protuberant part of its furface
to the other, is equal to 7¢28 Englifh miles. The
whole circumference is equal 10 24855,43 Enclilh
miles ¥, Since the figure of the earth differs fo little
from a fphere, therefore, for the purpofes of afiro-
nomy, the earth is confidered as a perfect fphere.
When we fpeake of the furface of the earth,
we take no notice of mountains, hills, feas, &c.
but we confider the whole as an uniform fi urface ; for,
in fadk, the mountains and other elevations are
-to the furface of the earth, no more than grains of
fand are to the furface of a globe of 8 or 10 feetr in
diameter. When the d {tance of the furface of the
earth from its centre is mentioned in general, it is
always meant of the furfice near the lev. el of thefsa,
All places above that level, viz. more diftant frem

—_—

% A re
The Fr nich, according to their lateft determination of
their mes 2fures, fuppofe ‘this whole circumference to be di-

vid =N
Vided in 40 millions of parts, which they call metres. From
the mm‘

Accurate admeafurements, it appears, that, at the
temmnture of 62° F

{tan d;

ahrenheit’s Thermometer, the French
ard metre s equal to 39,371 Englith inches.

the
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54 Preliminary P}'fﬁ[.f;f.‘!e_y,
the centre, are called elevations ; below chat level, are
called depreffions.

The furface of the terraqueous globe is irregu-
larly fpotted with lands and water. The gredter
part (viz. almolt three quarters) of its furface is
occupied by the latter, The fhape and extent of
thofe fpots are ufually. delineated upon a globe,
which of courfe reprefents the earth, and is called
the terrefrial globe *.

When the furface of the terrefirial globe with the
fhape of the lands, the coafls, &c. is delineated,
either entirely or in part, upon a flat furfiuce 5 fuch
a delineation is called a map or chart, A complete
fet of fuch maps, has been called 3 terreftrial atins.

The navigators of all feas and of all times; the
travellers, and the inhabitants of all countries, fee
the fame expanfe of heaven over their heads, the
fame fun, moon, &c. which proves that the terra-
queous globe is not attached to any other body,
but that it exifts by it perfeétly infulated in the
unfathomable expanfe of the Univerfe,

* Dr. Long endeavoured to determine what proportion
the land bears to the fea by the following ingenious method.
He took the {lips of paper which are made for covering the
furface of a terreftrial globe, and, by means of a pair of
fciffars, he feparated that part which reprefents the land from
that which reprefents the fea. He then weighed thofe two
pavcels of paper feparately, and found that the papers which
reprefented the land weighed 124 grains ; the others weighe
ed 349 grains.  See his Aftrcnomy, page 168, -

L




Preliminary Principles. 1

Ay

It is a confequence of this uncontrovertihle
directed with their feet towards the centre of it,
miuft be varioufly inclined to one another, iike the
ipokes of a wheel ; and the inhabitants of thofi
countries, which are diametrically oppofite, muft
have their feet diretly oppofite.  Such  people
are calied antipodes relpetively, viz. thofe of one
Couniry are the antipodes of thefe of the other
country,

Hence alfo it appears, that, with refpe&t to the
Univerfe, there is no real up or down; for what is
upper or over the head of one perfon, is pofited
otherwife with refpet to another perfon.  But in
relation to the globe we inhabit, the words up or
down, above or below, mean the firuations nearer
to, or farther from the centre of the earth, than we,
or than other given objedts, are.

It is the general astra@ion of the matter of
the whole terraqueous globe (as has been already
explained *) that keeps us, and every particle

tending towards the centre of it,—
« We Mall prefent

of matter,

ly fee that this fame power ads
univerfally throughout, at leaft, the folar fyftem s
'!nd Fims 1E N s s r f:

=hd that every paenomenon of altronomy, as far as
€an be traced, is regulated by the laws of motion,
and b}r tl

1ofe of univerfal attraion.

&= Q L1
see Che r - i :
e C"~‘P- V. of the fich part of thefz Elements.

With




i Freliminary Principles,

With refpe@ to the heavenly fpace which furs
rounds the earth, the Rudent of natural philofophy
mult relinquith feveral incoherent ideas, which hie
may have imbibed from common prejudices, ard
from allegofical, poetieal; or fuperfttitious, exs
preffions. The cahopy of heaven, the ftarry firma-
ment, the celeftial fpheres, the eryftalline {phere, the
empyreal regions, the vaulted heaven, the primum
mebile; and luch like ex preffions, have no real and de-
terminate meaning. Theyare Rctitious, hypothetical,
aliegorical, and, upon the whole, ufelefs words, which
can only miflead and confufe the underftanding.

Wihiat we perceive beyond our atmofphere 1s the
fun, the moon, and a number of Tucid and apparently
fmall bodies, called fars, planets; and comets ; and
thofe are-demonftratively at different diftances fiom
us as well as from each other ; but of the immenfe
fpace in which they exift and move, we have not the
fmalleft knowledge either from reafoning or from
experience.  We fee no boundary, no fhell, no
arch, no vault, ro limit.—The blue fky, as is com-
monly called, is the colour of, or the refleGion
from, our atmofphere, which extends not many
miles above the furface of the earth *. For, befides
other reafons, when the moon is not full, viz. when
only a portion of it is illumined, the other portion

———

* See vol. I1. chap. VLI, of thefz Elements, Alfo Prieft-
ley’s. Hiftory of Vifion; Light, and Golours, Pericd VI,
Seét, 111, Chap. IV,

£
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Preliminary Principles. 17
of it appears blue, or of the colour of the {ky, which
Wwould not be the cafe if the blue colour proceeded
from fome thing beyond the moon.

Since to our eyes the celeftial bodies appear as if
they were al] equally diftant from us ; therefore, in
order to afift the underftanding, or to inftruct the
ftudents of altronomy, the flars and other celeftial
bodies are commonly reprefented upon a convex,
and fometimes upon a concave, fpherical fiirface of.
a few inches, or a few feet, in diameter. Such atti-
 ficial reprefentation of the celeftial bodics is ufually
called a celefial gioke, When all the ftars or part of
them only is delineated upon a flat furface, fuch de-
lineation is called a celefiial planifpbere, or map, or

Plate, and a complete {et of fuch plates has been
called a celefial atias.

VoL. IV,




OF THE APPARENT SYSTEM OF THE WORLD, AND
THE DEFINITION OF THE TERMS PRINCIPALLY
USED IN ASTRONOMY.

HE incomparably fuperior {plendor of the

fun in the day time, renders all the other ce-
leftial bodies invifible to our naked eyes, excepting
the moon, which fometimes may be barely diftin-
guifhed ; and two or three- much {maller bodies,
which in fome favourable circumftances may be jufk
difeerned, whillt the fun is vilible yet *,

# In the day time, the refration and refle&ion of the fun’s
light from the atmofphere renders the ftars invifible to us even
when we turn our backs to the fun ; but if we look at the hea-
vens through a very long tubein the day time, the abovemens
tioned refiected light will not penetrate a great way withinthe
cavity of the tube ; and therefore the ftars may be perceived
through it. A tube fufficiently long to anfwer this purpofe
is difficultly conftructed and managed; but deep pits, and
deep wells, are in fact long tubes; hence, from the bottoms
of thofe places the ftars may be feen in the day time.—A
good telefcope will alfo fhew the ftars in the day time.

i At




Of the Apparent Syfiem of the World, Se. 19

At night, viz. during the abfence of the fun, the
moon frequently affords more light than all the
other celeftiil objeés. The other numerous bright
bodies, which we perceive befides the moon, are in
general called fars. They appear to differ much in
magnitude, but they feem to be vaftly fmaller than
the moon., Eight of them are ealled planets ; the
reft are called fixed flars, for reafons which will be
mentioned prefently. The comers areluminous bo-
dies, which are feen not very frequently, nor at cer-
tain or determinable times.

Thefe, in fhort, are all the objects which we per-
ceive in the heavens ; the afpects and the motions
of thofe objeéts form the whole fubje&t of aftro-
nomy. And here we may obferve, once for all,
that the circles, the curves, the lines, axes, poles,
points, and the figures of the conftellations, of
which frequent mention is made in aftronomy, are
not vifible things ; but they only exift in our ima-
gination, and they have been adopted, and are ufed,
for the neceffary purpofe of communicating our

ideas to other perfons, or for expreffing meafures,
fituations, motions, &c.

When an obferver is fituated on a large extended
Plane, or in an open fea, he will find his fight cir-
Cumfcribed by a great circle, which divides the vifi=
ble part of the heavens from that which is hid in
confequence of the opacity of the earth ; or where
the furface of the globe we inhabit feems to meet
the heavens, That circle is called the fenfibie ko-

¢ 8 rizon,




20 Of the Apparent Syftem
rizon. 'L he ratignal borizon isa circle in the heavens,
fuppofed to be formed by the interfection of a plane,
which paffes through the centre of the earth, and is
parallel to the fenfible horizon. The planes of
thofe two horizons are diftant from each other by
the femidiameter of the carth; but with refpect to
the heavens, they may be fafely fuppofed to coin-
cide ; for the diftance of the fixed ftars from us is
{o immenfe, that the diameter of the earth isa mere
nothing with refpet to it. Hence the horizon di-
vides the heavens into two equal parts; viz, the vi-
fible, which is above it, from the invifible which is
below it.

With refpe to the earth ; viz. if by the horizon
we mean the boundary of that part of the earth’s

{urface which is feen by the fpetator, then it is evi-

dent that the horizon is more extended in propor-
tion as the fituation of the obferver is more ele-
vated ; for inftance, if the obferver be fituated clofe
to the furface of the earth, GD EF, fig. 5, Plate
XXVI. as at ¢, he will fee a very fmall portion
of its furface ; becauyfe the vifual line is a tangent,
(or nearly a tangent) to the furface of the earth at
that point;—if he be fituated at 2, then the vifual
line 4 E will touch the earth at E, and of courfe
the horizon will be the circle, which is denoted by
the line DE,—If the {pectator be fituated at ¢, his
horizon will be GF ; and if the fpedator ftood at
an immenfe diftance, then his horizon would be
equal to the circumference of the earth; viz. to
R ¢ ¥ i
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O1; fo that he would fee the half of its fur-
face *, :

It is evident, that every fpe&ator has a different
horizon’; therefore, ftrictly fpeaking, the:half of the.
- heavens which is feen by any one fpectator, is not
precifely the fame haif that is feen by another fpec-
tator at the fame time.

To us Europeans the fun, the moon, the pla-
nets, and moft of the ftars, appear to go continually
round the earth, and to perform each revolution in
about 24 hours, I fay about 24 hours; for fome
of the celeftial objeéts perform it flower than
others. They rife on one fide of the horizon, w_hich
is called the eaffern Jide, pafs obliquely over it, and
defcend on the oppofite fide, which is called the we/-
tern fide of the horizon ; then they rife again, &c.

If a perfon will obferve the heavens in the night
time, he will find that the ftars feem to perform, or
To move along, different circles ; fome larger,
others fmaller ; gradually diminithing towards a
certain part of the heavens, until fome of them per-

* The greateft diftance 5 E, from which an eye fituated
any where above the furface of the earth, as at 4, will per-
ceivean object E on the furface of the earth, is one fide of
plane triangle » E C, right-angled at E. 1ts other two fideg
are the radius EC of the earth, and C &, which is the fum of
the radiys and height 2 b.—When @ b is known, the diftance
LE 1§ found by the following rule :— Add the height a# to
the a’h’:‘m:‘fer of the earth ; multiply the fum by the height a 43
then the fquare root of the produét is the diftance 4 E. This
rule depends on Prop, 47th, B.1.; and on Prop. 6th, B.11,
of Euclid’s Elements, :

c3 form
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form circles fo fmall as not to be difcerned without
proper inftruments. In fhort, the whole apparent
fphere feems to move round an axis, and of courfe
there are two points in the heavens, which, being
the extremities of that axis, do not feem to move at
all. Thole points are called the poles of the world ;
one being called the aré&ic, or the north, pole; and
the other the antardic, or fouth, pole. The axis it=
felf, or the line which joins thofe poles, is called zbe
axis of the world.

In this metropolis we can perceive one pole only,
namely, the north pole, which is elevated above the
horizon at an angle of 51° 31°. In truth, we cannot
perceive the pole itfelf; (which is an imaginary
point) but we may determine the fituation, or the
angular altitude, of that immoveable point, by ex-
amining the ftars,. which, being near it, revolve
without ever going below the horizon ; for by taking
a mean of the leaft, and greateft, oblerved altitudes
of any one of thofe ftars, we have the altitude of the
pole itfelf; it being evident that in its circular revo-
lution each ftar muft rife as much above the pole as
it defcends below it.

A pretty large far, called the north polar far, is
firuated near the north pole, and to the naked eyeit
appears to be quite ftationary ; but when examined
by means of a fixed telefcope, or of other aftrone-
mical inflruments, it is found to defcribe a {mall
circle, which proves that it is not quite at the pole.

Befides the poles, thereare feveral other remarka-
ble points, determingd and conftantly ufed by the
aftro-
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aftronomers, which are therefore neceffary to be de-
{cribed. One of thofe points is called the zewith,
and is the higheft' point of the heavens, or that
which is exactly over our heads. 'The oppofite or
loweft point of the heavens, which is dire&ly under
our feet, is called the madir. 1fa plummet be freely
ij”rPEHdﬂd, and if it be fuppofed to be infinitely ex-
tended both upwards and downwards, its thread will
pafs through the zenith and nadir. Thofe points
are alfo called the poles of the borizon*. All circles,
drawn through the zenith and nadir, which of courfe
muft be perpendicular to the horizon, are called
vertical circles, or azimuths. Two of the innumer-
able circles, which may be defcribed through thofe
points, are peculiarly remarkable ; viz. that which
paffes through them, and at the fame time through
the poles of the world, is called the meridian. This
circle divides the fphere into two equal parts, one of
which is the eaftern, and the other the wefern, be-
mifphere. When the celeftial bodies in their daily
courfe arrive at that part of the meridian which is
above the horizon, then they are faid to culminates
Viz. to be at their areateft elevation ; for beyond
the meridian they defcend rowards the horizon ; and
when they ate at that part of the meridian, which is
below the horizon, then they are faid to be at their
greatelt depreflion ; for beyond that limit they again

't In fpheries every circle of the fphere has two poless
which are the points on the furface of the fphere, where a
ﬁmight line, Pafling through the centre of the circle and
Perpendicular to the plane of it, meets the furface.

¢ 4 rife
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rife towards the horizon, Therefore the meridian
divides the time of the celeftial bodies courfe above
the horizon, into two equal parts, and it alfo divides
into two cqual parts the period of their courfe below
the horizon ; hence, when the fun is at the meridian
in the day time, it is 700z or midday (whence the me-
ridian has derived its name) ; and when the fun is at
the meridian below the horizon; viz. at nigh, it
s then faid to be midnight.

The other remarkable circle amongft the azi- -
muths, is that which is perpendicular to the meri-
dian, and is called the prime wertical. This circle
divides the eaftern and weftern fides of the horizon,
each into two equal parts. Thofe points of inter-
fection are called the true eaff and wef points i fo
that the meridian and the prime vertical divide the
horizon into four equal parts, and the points of di-
vifion, viz. the nmorth, the eaff, the Jouth, and the
wefl, have been called the principal, or cardinal,
points of the horizon; for each quarter of the hori-
zon is fubdivided into eight parts; fo that the whole
horizon is divided into 32 parts, which are called
the rbumbs, or the points of the compafs, from their
being generally marked upon the cards of the mari-
ner’s compaffes,

The fituation of the above-mentioned points is {o
commonly underftood, that it will be almoft fuper-
fluous to obferve, that if we turn our backs towards
the north pole, we fhall then have the fouth exaétly
before us, the ealt on the left, the weft on the right

hand
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hand fide, the zenith over our heads, the nadir under
our feet, the meridian paffing over our heads,
and under our feet, viz. through the north, the ze-
nith, the fouth, and the nadir; and the prime vertical
pafling over our heads, and from our right to our left
hand, through the eaft, zenith, weft, and nadir.

It is evident upon the leaft refle@ion, that as the
hotizon is different for every fpectator, or for every
point of the furface of the earth, fo the cardinal
points, and the rhumbs in general, which are the di-
vifions of the horizon, muft be different for every
fpedtator ; and fo muft alfo be the zenith and the
nadir, which are the poles of the horizon ; but for a
fixed obfervatory, or for a given {pot; thofe circles
and points are fixed and immoveable. The meri-
dian is the fame, and the prime vertical is different
for all thofe obfervers or fpots which are in the fame
line, but only north or fouth of each other; whereas
t}}e prime vertical is the fame, and the meridian is
different for all thofe obfervers or fpots, which are
only eaft and weft of each other.

"That arc of the horizon of any particular place,
which is intercepted between the meridian and azi-
1'_1'_11:'1th cirplc that paffés through a particular celeftial
object at any given time, is called the azimuth of
f'""ff celeftial objeit. The arc of the horizon which
15 Intercepted between the prime vertical (viz. the

eaft o ; -
' Weft points of the horizon

5 ) and the azimuth

R
LrCic, “%mh Pafles through the celeftial objedt, is
called the ampjzy,, of that object.

Another Very remarkable, but fixed, circle of the

iphere,
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fphere, is called the eguator or equinaftial, which
divides the fphere into two equal parts, and is per-
pendicular to the axis of the world, as alfo to the
plane of the meridian. In this metropolis, when
we place ourfelves with our backs to the north, as
has been mentioned above, the equator ftands ob-
liquely before us, viz. it pafles through the eaft and
well points of the horizon, and croffes the meridian
at a point which makes an angle of 38°, 2¢/ with
the horizon. ‘T thofe who are fituated fouth of us,
the interfection of the equator with the meridian is
higher up, and to thofe who are north of us, that in-
terfection is lower down. The poles of the world
are the poles of the equator,

Now, if we fuppofe the planes of various meri-
dians, as well as of the equator, and of the rational
horizon, to cut the furface of the earth, then the
fame circles which are fuppofed. to exift in the hea-
wens, may likewife be conceived to exift on the {ur-
face of the earth. Alfo that point of the furface of
the carth, which is exaétly under the north pole of
the world, is called the norzb pole of the earib ; and
the fame thing mult be underftood of the fouth
pole.

The ufe which is made of thofe points and circles
on the furface of our globe, will be fhewn hereafter ;
but we fhall obferve for the prefent, that the
fituation of the equator with its axis and its poles,
which are the fame as the axis and the poles of the
world, appears differently fituated to the different
inhabitants
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inhabitants of the earth, Thofe different fituations
may be reduced to three {pecies, and thefe have ob~
tained peculiar appellations; viz. to thofe perfons
who live exa@ly under the equator, the poles of the
world muft appear in the horizon, and the equator
muft be perpendicular to the horizon, viz. muft cut
it at right angles; hence that fituation is called the
right pofition of the Jphere. To thofe who live un-
der either of the poles of the earth, one of the poles
of the world muft be over their heads, and the equa-
tor muft coincide with, or be parallel to, the hori-
zon ; hence that fituation is called a parallel fpbere.
And laftly, to all the other inhabitants of the earth
the fphere is faid to be in an ebligue pofition, becaufe

the equator is neither perpendicular nor parallel,
but oblique, to the horizon. Thus in fig. 6. Plate

ZXVI. NEHS reprefents the celeftial fphere, or a
meridian ; a¢b reprefents the earth, N and S are
the poles of the world, NS is its axis, and EE is
the equator. Now to us at a, who are neither under
the equator ate, nor under the poles at 4, the fphere
1s faid to be oblique, becaufe the equator EE is
neither perpendicular, nor parallel, but oblique, to
our horizon HH. 'To thofe who live at ¢, viz.
under the equator, the fphere is faid to be right, be-
Cfiuﬁ: the equator EE is perpendicular to their ho-
| n‘zon, which is NS. And to thofe who live at 2,
VIZ. under the poles, the fphere is faid to be pa-
rallel, becaufe the equator EE coincides with, or i
the fame as, their horizon,

The
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The apparent movements of the ftars, which are
performed in circles parallel to the equator, muft,
of courfe, appear ro be performed in circles perpen-
dicular to the horizon to thofe who live under the
equator at ¢, and to them (who likewife fee the
poles of the world in their horizon) all the ftars
muft appear to rife and to fet in every revolution,
and in every revolution they fee all the ftars fuc-
ceffively.  But to thofe who live under the poles at
&, the ftars move in circles parallel to the horizon,
{o that they never rife or fet, and confequently thofe
people can only fee half the flars, viz. one hemi-
{phere, whillt the other is never feen by them, it
remaining conftantly below their horizon. To thofe
who live neither under the equator, nor under the
poles, the ftars appear to move in circles oblique to
the horizon, and they fee a greater or a finaller
number of the ftars pafs in {ucceffion, according as
they are fituated nearer to the equator or nearer to
the poles. Thus to us fiwuated at 2, all the ftars
which are fituated within the portion PEH, OEH,
are feen fucceflively ; but thofe which are about the
fouth pole Sy viz, in the portion HSO, are never
feen by us, becaufe, as the fphere revolves round the
axis N'S, the portion HSO, never rifes above our
horizon HHH. And the ftars, which are in the
poreicm HN P, about the north pole N, are always
within our fight, becaufe that portion HNP, of
the {phere, never goes below our horizon HH.

The circle HP, parallel to the equator, which
limits
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litnits the part HNP, that never goes below the
horizon of any given place, is called the circle of
perpetual apparition. The circle HO, parallel to
the equator, which limits the part HSO, that never
rifes above the horizon of any given place, is called
the circle of perpetual occultation.

Not all the celeftial objeéts appear to a {pectator
in a fixed place, to rife conftantly from, or to fet
at, the fame refpetive points of the horizon;
or, in fhort, to move conftantly along the fame
circles, '

The fixed ftars propetly fo called, (which com-
prehend all the celeftial objects, excepting the fun,
the moon, eight planets, and forme comets, which
appear now and then) do move with that unifor-
mity, viz. they move along the fame tracks or
circles, and preferve the fame diftances from each
other ; hence they have been denominated fixed flars;
and therefore the aftronomers ufe them as fixed
points with which, and by which, the motions of
the other celeftial objects are compared and ex-
prefled. The whole {phere, or all the fixed ftars,
perform their revolution; viz, go from the meri-
dian of 2 given place, and return to the fame place,
conftantly in the fpace of 23 hours, 56 minutes, and
4 feconds,

The fun rifes and fets every day at different points
of the horizon, and it alfo crofles the meridian of
any place every

day at,a different point; but it
REVEr goes farther from the equator than about

23"
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23° 28, cither towards the north or towards the
fouth of it. The time of its rifing fetting, and of
croffing the meridian, is not always the fame ; it be-
ing fometimes later, and at other times fooner, than
on the preceding day. The difference is pro-
greflively increafing and decreafing. Upon the
whole it amounts only to a few minutes; and, 2t a
mean, its revolution (which is called the fun’s
daily revolution from its producing the viciffitudes
of day and night) employs 24 hours, viz. 3/,
56" longer than the revolution of the fixed ftars ;
or rather, we divide the mean time of the fun’s
daily revolution, into 24 parts, which we call
bours. The fixtieth part of an hour is called a
minute of time, and the fixticth part of a minute is
called a fecond of time.

If the very great fplendor of the fun did not pre-
vent our feeing the ftars in the day time, we fhould
find that the fun (which, as has been faid above,
moves flower than the fars) is left conftantly be-
hind ; viz. every day more towards the eaft, and
likewife a little more towards the north, or towards
the fouth. In fhort, if every day at noon, when the
fun crofies the meridian of a given place, we marked
the exact place of its centre in the heavens among
the ftars, and if when the fun has returned to the
fame point of the heavens, all which period takes
up 365 days, 5 hours, 48, 49", and is called the
mean felar year, we drew a line along all thofe

marked
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marked points, that line would be found to be 2
great circle of the fphere.

This circle interfects the equator at two oppofite
points, and its plane forms an angle of about 23° 28’
with the plane of the equator. This circle, which is
the annual path of the fun, is called the eclipsic ;
the angle, which it forms with the equator, is called
the obliguity of the ecliptic ;5 and the points where it
interfets the equator are called the eguinoxes, or the
equinofiial points.

A broad portion of the heavens, which ftretches
about 8° on each fide of the ecliptic, and of courfe
follows its direction 2ll round the heavens, 15 called
the zodiar,

Since the ecliptic is a fixed circle, and every day
the fun is found in a different point of it; therefore
every day the fun feems to perform its revolution in
a circle parallel to the equator, but which recedes
farther and farther from it, until it reaches its greateft
diftance ; which, as has been faid above, is about
23" 28" from it towards the north; after which the
daily courfe of the fun is performed in a circle,
which approaches the equator gradually until it -
coincides with the equator, then it begins again to
Tecede from it towards the fouth, until it reaches its
Breateft fouthern diftance, which is likewife equal
t0 aboyt 5 3" 28'; then it approaches the equator
4Dew, and fo forih,

Now when the fun is at its greateft diftances from
the equator, the circles parallel to the equator which

it
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it nearly delcribes at thofe two points, are called the
tropics, and that which is towards the north is called
the trepic of Cancer, whilft that which is towards the
fouth is called the srapic of Capricorn. The diltance
of the fun, as well as of any other celeftial objet,
from the equator, is called the declimation of that
object, and'it is north or fouth declination, according
as the object is on the north, or the fouth of the
equator. oiat

It has been faid above, that if the fplendor
of the fun did not prevent our feeing the ftars
which are near it, we fhould find it every day
near a different ftar. But though we cannot fee
the ftars that happen to be near the fun; yet, by
means of proper inftruments, we can obtain the re-
fult exallly in the fame manner as if we {aw them ;
for knowing the time of the revolution of the ftars,
and likewile knowing their refpetive fituations, the
aftronomers, by examining the time of the fun’s
paflage over the meridian, which differs a little in
different days, as alfo by examining its daily ald-
tude, when it crofles the meridian at noon, can de-
termine with great precifion which ftar muft crofs
the meridian at the fame time, and through the
fame point, or within a certain diftance of it.

The moon appears to rife from, and to fet every
day at, different points of the horizon, and likewife
to crofs the meridian at different points; but with
much more irregularity than the fun. It alfo moves
much flower than the fun; fo that if one night it

be
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be found near a certain ftar, on the following night
it will be feen much to the eaft of that ftar; viz.
about 13°, or rather more; on the following night
it will bé found about as much more backward, and
fo on. It likewife advances at the fame time to-
wards the north or towards the fouth. Indeed, fo
rapid is its motion, that if any attentive perfon will
watch its courfe amongf the ftars during a few hours
only, he will plainly perceive her change of place.
All this retrogradation, which is called the proper
movement of the moon, viz. from the time that it is
€CN near a certain fiar, and until it comes néat it
again, takes up about 27 or 28 days.

The different appearances (or as they are more
commonly called the phajes) of the moon, are the
phenomena which are more particularly ftriking and
more generally remarked in the heavens, even by
the rudeft nations of the earth, During the 27 ot
28 days of her proper movement, we perceive the
moon affording more or lefs light, or, fhewing a
fmaller or larner part of its illuminated difc. Far
about three days out of the 27, the moon 1s almoft
invifible ; then we begin to fee it 1n the evening to-
wards the weft, fomewhat like a luminous arch with

pointed extremities, properly called cufps or borus.
In that ftate 1
mlHOUt

it is denominated a cre rt”r‘"f' for 1ts lu-

part increafes gradually untzl it appears after

feven days, Jike o femicircle.- It is then at the appa-

i dlnq“‘:ﬁ of 9o° from the fun, and we fay that it is
It ftill continues to increafe until

D feven

in its _}'.r f fjd(’.- {g,
VQL. IV,
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feven or eight days after, it gets quite oppofite to the
fun, and fhines with its entire circular difc, in which
ftate we call it the full moen. After that period the
luminous part of the moon begins to decreafe, and
when it comes again within goe of the fun, but on
the other fide, we fay it is at its lgff quarter, It
] :{tly gets too near the fun, where we lofe fight of
it for a fhort time, and the moment it pafles be-
yond the meridian of the {un’s centre, we call it the
new moon s fory a day or two after this, we begin to
fee it again towards the weit; and fo forth. The
convex part of the moon’s illuminated portion, or
the more convex of its two fides, is always turned
towards the fun *. '

Amongf(t the ftars there are, as we have already
noticed, eight luminous bodies, which the naked
eye can hardly diftinguith from the fixed ftars;
but which, when viewed through a telefcope, have
very different afpects ; and when examined . with
refpect to their motions, are found to be quite dif-
~ferent from the fixed ftars ; for though they appear
¢n move like the other celeftial bodies, from eaft to
weft, yet each of them performs that apparent revo-

————

# The period of each of the four remarkable phafes of the
tnoon which is performed in the fpace of feven or eight days,
and likewife the whole lunation or the period of its entire re-
volution which is performed in about 28 days, {eems to have
fuggefted the general cuftom of ‘counting by menths and
weeks.  See de Ja Lande’s Aftronomy,
lution
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lution in a different time « hence they all change their
mutualdiftances, as wellas their fituations with refpe&
to the fixed fars; for inftance; one evening one of
them will be feen neara certain ftar, the next even-
ing it will be found near fome other ftar, which is
to the eaft of the former; on the following evening
it will be found il more eafterly, and fo on for a
number of nights ; then perhaps it will appear to
be (tationary ; viz. it will remain near the fame ftar
during fome nights ; after which it will move to-
wards the weft of that ftar, &c.

From fuch irregular or wandering movements,
thofe eight celeftial objeéts have been denominated
Planets, The aftronomers have given them pecu-
Har names 5 and for the conveniency of exprefling
them upon globes, tables, &c. they are often de-
noted by peculiar chara@ters. Here follow their
names and charaéers.

Mercury % 5 Venys 95 Mars & ; Ceres Ferdinan-
dea s Pallas, Jupiter % 5 Satwrn g ; and the Geor-
gium Sidys, or Georgian Planet, which, by fome, has
alfo been called either Uraniys, or Herfehel ¥ *,

Since
e OGPV

* Mercury, Venus, Mars, Jupiter, and Saturn, have
been known from time immemorial ; the Georgian planet
“:“5 difcovered by Dr. Herfchel about 20 years ago. The
Ceres was difcovered by Mr. Piozzi, an Jtalian aftronomer,
on the Ift of January 1801, or the firft day of the prefent
Sentury. The laft, o Pajlas, was difcovered by D, Olbers

D2 of
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Since the ftars properly fo called, are confidered
as fixed points in the celeftial fphere, which ferve'to
denote the movements peculiar to the fun, the moon,
the planets, and the comets; and whofe fituations
are likewife ufeful for other purpofes; therefore
altronomers have laboured with great affiduity to
determine, with the utmoft accuracy, their fituations
in the heavens, or their diftances from each other;
and fuch diftances are haid .down in books, or cata-
logues, or ‘tables. This however has been more
particularly the cuftom of latter times ; for the ob-
fervers 'of very remote antiquity parcelled the whole
into ‘irregular affemblages, to which they gave the
names of men, of birds, of fifhes, &c. according to
fome faint or diftant refemblance, which that parti-
cular ‘arrangement leemed to indicate,  Then, in
order to {pecify any particular ftar of a certain ar=
rangement or imaginary figure, they fpoke, for in-
ftance, of the ftar on the fhoulder of Orion, or on
the tail of the fith, &e¢. And fuch is the afitance
which thofc imaginary figures afford to'the memory,
that this cuftom is ftill continued, viz. of expreffing
the ftars by their [ituations in thofe imaginary figures
of men, fithes, birds, &c. which are called afferifms
or conflzllations. The modern more accurate altrono~
mers ufe thofe conftellations for the purpofe of in- -

of Bremen, on the 28th of March 1802, do not know
that any particular characters have as yet been appropiiated
o thetwo laft difcovered planets,
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dicating; the general affemblage of ftars in a certain
- portion of the heavens; but they diftinguith each
particular ftar by a Greek letter; or by the figures
of numbers, as 1, 2, 3, &c. and mark its true
place by meptioniag its diftances from particular
points.

Some of the principal fized ftars have peculiar
names, fuch as Aldebaran, Sirius, Regulus, &c.—
We fhall treat of the conftellations, as alfo of the
Particular ftars which are contained in them, in an-
other chapter of this part; but for the prefent it will
be neceflary juft to mention that the zodiac is oc-
Cupied by twelve conftellations, whofe names and
Characters are as follow :

Aries %, Taurus &, Gemini 11, Cancer w5, Leo .,
Virge w, Libra =, Scorpio m, Sagittarius 2, Ca-
pricorvus ve, Aquariys sz, and Pifees ¥. Thofe
conftellations are fuppofed to divide the zodiacy or
the ecliptic, into 12 equal parts ; therefore 3o de-
grees‘ are affigned to each of them; 12 times 30
making 360°, or the whole circle. They are fitu-
ated in the order in which they are mentioned above
from the weft towards the eaft.

Having thus given a general or fuperficial view
of the number and movements of the principal
C?lef’cial bodies, as well as of the moft remarkable
circles ang points that are ufed in the {cience of
‘2;}:’0:;1{?’ ;&iF \:vill be neceflary to indicate fome of

riking effeds that

are produced by
thofle movements

» and likewife to fhew the ufe of
D 3 the
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the abovementioned circles ‘and points, in deter-
mining diftances and pofitions; but to this I fhall
briefly prefix a few of the more remarkable proper-
ties of the circles of a fphere, by way of refrefhing
the memory of the ftudents, who are fuppofed to
have previoufly ftudied fpherical geometry, trigo-
nometry, &c.

If a plane cut a fpherical furface, the fe€ion will
be a circle.  If the plane pafs through the centre of
the {phere, the feGtion s called a great circle of the
[pbere; it Deing the largeft circle that can be drawn
upen the fphere ; but if the cutting plané do not pafs
through the centre of the fphere, then the feétion
will be a leffer circle.  Therefore all great circles of
the {phere have the fame common centre, and cut
one another as well as the fphere, into two equal
parts. But lefler circles have not the fame centre
with the fpherc, and they may be cut unequally by a
great circle, or by another lefler circle,

Parallel circles are thole whofe planes are pa-
rallel. :

A jpheric angle is the inclination of two great
circles, and is meafured by an arc of a great circle
intercepted between the legs of that angle, at go°
diftance from the angular point. When two cir-
cles interfect one another, the oppofite angles are
equal, :

A Jpheric triangle is a figure formed on the furface
of the {phere by the mutual interfetions of three
great circles,

The
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The poles of a gircle are thofe two points ob the
furface of the fphere, where a {traight line paffing
through the centre of the circle, and perpendicular
to its plane, meets that {urface.

Both the poles of a great circle are equidiftant
from it; but thofe of a lefier circle are not equi-
diftant.  When two great circles are perpendicular
to each other, they muft pafs through each other’s
poles; and then either of them is called jecondary
to the other. Thus the meridians are faid to be
fecondaries to the equator, and the azimuths are
fecondaries to the herizon.

A grear circle perpendicular to a leffer circle,
muft pafs through the poles of the latter; but the
feverfe is not true.

The projestion of the {phere is the reprefentation
of its circles, points, &cc. upon a flat furface; and
{hofe reprefentations of circles may be either ftraight
!mes, or circles, or eilipfes, or other curves, accord-
1ng as the circles lic in the diretion of the eye of the
o.bfer?fer, Or perpendicular, or ‘oblique to it; and
llkt.-'WII'c according to the nature of the projeétion, of
which there are feveral forts.

We may now return to the aftronomical circles,
an fhall, _in the firflk place, thew their principal ufe

Pon the furface of the earth.
The equator on the earth, which is juft under the

celeftial : . : S
s €quator, is a great circle which divides the
€arth 1nto two equal parts,

£ namely. the northern and
the foutl ¥>

®m hemifpheres, This imaginary circle
D 4 * pafles
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pafles through the continent of Africa, crofies the
Indian ocean, asalfo the iflands of Sumatra and Bor-
neo ; it paffes along the whole extent of the Pacific
ocean, and the continent of South America, This
circle is commonly called fimply the e, and when
navigators go from one fide of it to the other, they
commonly fay that they have eraffed the line.

The fhorteft diftance of 2 place on the furface of
the earth from the equator, is called the latitude of
that place, and is faid to be north or fouth laiitude,
according as the place is fituated on the northern or
jouthern hemifphere.  This latitude ismeafired by
an arc of che meridian of that place ; thus the lati-
tude of London is faid to be 51° 3¢/ north; the
latitude of Lifbonis 38° 42 north; the latitude of
the Cape of Goodhope is 34° 29 fouth; &e. Places
that are exa&ly under the equator, have no lati-
tnde ; and the latitude of thofe; which are exadlly
under the poles, 15 go® north or fouth*,

Alefier circle pafling through any place, parallel

to the equator; is called a parailel of latitude s and,
of courfe, all places through which that cirele pafies,
have the fame latitude.

The longitede of one place from another ofi the
furface of the earth, or what is, more properly, called
their difference of longitude, is the diftance of their

% The latitude of a place is equal to the elevation of the
pole of the fame denomination, =bove the horizon of that

farn
PHACE.

i
meridiang
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meridians from one another; which is meafured by
the arc of the equator, that is intercepted by thole
meridians ; and -is exprefied in degrees, minutes,
&ec. In general, the longitude is reckoned from a

certain meridian, and is called eaf or wef longitude,
accordip

g as the places lie eaft or weft of that me-
ridian. :

Now the equator being a fixed and immutable
circle, the latitude muft unavoidably be reckoned
from that line; but fince there is no fixed and ge-
neral meridian ; therefore the longitude may bn
reckoned from the meridian of any place at plea-
lure, For a long time it has been the general
cuftom o Ierl\.on the longitude from the meri-
dian of Teneriffe, one of the Canary Iflands; that
ifland being for many years the moft weftern land
known. But at prefent the moft prevailing cuf-
tom is for every principal . nation to reckon the
longitude from the meridian of its capital. Thus
the Englifh begin to reckon from, or confider as,
the firlt m eridian, that which pailes through Lon-
don, or rather through the Royal Obfervatory at
Greenwich, The French begin to count the longi-
tude from the Obfer vatory of Paris. Thcufonc,
according to the French reckoning, the longitude of
Greanmch 18 2° 25" weft; and, according to the
h‘"lghfh reckoning, the longitude of Paris is 2°
25 eaft.

Then, in order to ﬁatc the {

fituation of places
up0n Ehﬁ‘ .{L]]‘,_QCQ Df' the Ea[‘th,

it is neceffary to
fpecify
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{pecify both their latitudes and their longitudes, and
fuch ftatements are always found annexed to the
names of towns, capes, &c. in geographical dic-
tionaries, and other works on the fubjet of geo-
graphy.

In order to eftimate real diftances in miles from
the ftatement of the latitudes and longitudes of any
two places, the reader mufl obferve, 1ft, That
when the two places are under the fame meridian,
or have the fame longirude, and differ only n Tati-
tude, then their difference of latitude converted into
miles, at the rate of 69,043 Englith miles per de-
gree, will give their real diftance in miles #. 2dly,
That when the places have the fame latitude, and
differ in longitude only, then their real diftance can-
not be had by converting their difference of longi-
tude into miles, according to the above-mentioned
rate, unlefs the two places are both under the equa-
tor; for fince the meridians approach each other, ac-
cording as theyrecede from the equator, and at laft do
all meet at the poles ; thercfore the diftance between
two places, which have the fame difference of longi-

P

* A degree of latitude, or of longitude at the equater in
nautical affairs, is generally reckoned equal to 6o miles,
commonly called geagraphical miles ; but fince it appears
from the lateft meafurements that the whole circumference
of the earth is equal to 24855,43 Englith miles; thercfore
dividing this number by 360°, we have the length of one
degree equal to 69,043 Englith miles,

tude,
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tude, diminithes in proportion as their latitude in-
creafes, viz. according as they recede from the
equator ; the diminution being in the ratio of radius
to the cofine of the latitude ; viz. the length of a
degree of longitude at the equator is to the length
of a degree of longitude at a given latitude, as ra.
dius is to the cofine of that latiude. Therefore,
when two places have the fame latitude, convert
their difference of longitude into miles, at the rate
of 69,043 miles per degree; then fay, as radivs is
to the cofine of the latitude of the two places, fo is
the number of miles juft found, to a fourth propor-
tonal, which is the real diftance in miles between
the two places,  2dly, When the places differ in
longitude as well as in laritude, then their real dif-
tance in miles muft be found by the refolution of a
right-angled fpherical triangle, according to the rules
of trigonometry; or it may be found mechanically,
and With tolerable accuracy, upon a terreftrial globe,
the ufe of which will be fhewn hereafier.

In the heavens the diftance of the fun, moon, and

other objelts from the equator, is called their decli-

fm!z'o:v:, which is north or fouth, according as the ob-
Je€t is north or fouth of the o) Andeseenis
:1Ent that the declination cannot be more than go°.
The fixed ftars, being difperfed all over the hea-
V.em.‘, are to be found in every degree of declina-
hon ;- but the decl;
SRR 28

Grea

nation of the fun never exceeds

t circles drawn through the poles of the

equator,
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equator, or the fecondaries to the celeftial equator, are
alfo called circles of declination, or meridians, becaufe
upen them the declination is meafured. T wenty-four
of thofe fecondaries, that are at 15° diftance one from
the other, and which, of courfe, divide the equator
into 24 equal parts (for 360°, divided by 1s,
quotes 24), are called bour circles ; becanfe the fun;
in its apparent diurpal motion, paffes over 15 in
every hour.

The right afcenfion of a celeftial body, is an arc
of the equator interfected between one of the equi-
nottial points, called the firft point of Aries, and a
declination circle paffing through that body. ~ This
arc is meafured according to the order of the fun’s
apparent motion *. ‘The ebligue afenfion of a ce-
leftial body 15 an arc of the equator, intercepted
between the firlt point of Aries, and that point of
the equator, which rifes with that body in an
oblique fphere. The gfeenfional difference is the
difference between the
fion.

Thus it appears that the diftance from the equa-
tor, and the diftance from a given meridian, which,
for places upon the furface. of the earch, are called
the [aiifude and lougilnde ; for celeftial obje@s are
called the declination and right afcenfion.

right -and oblique -afcen-

¥ 1t is called right afcenfion, becaufs in a right fphere the
declination-circle, which pafles (hrodgh the given body, rifes
with that body above the horizon,
The
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The latitude and longitude of a celeftial objedt, are
its diftance from the ecli ptic, meafured upon a fe-
condary of the ecliptic (hence fecondaries to the
ecliptic are alfo called citcles of celeftial latitude) ;
and its diftance from a fecondary of the ecliptic that
paffes through the firft point of Aries (viz. where
the ecliptic interfecs the equator), or an arc of the
ecliptic interfedted by two of its fecondaries, viz. one
which pafies mro'mH the firft point of Aries, and the
other which pafies through the given body.- If the
celeftia] body be fuppofed to be feen from the centre
of the carth, its lormtm is called geocentric longi-

fiide.  1f it be fuppofed to be feen from the centre
of the fun; it 1s then call 'd r’ focentric longitude.
And the fame thing muft be un ‘L ood of the latis

tude of the celeftial bodies; viz. it may be geocentric,
oF beliocentric,

L'i‘t us now return to the courfe of the fun, and

let s endeavour to explain the lengths of days

1 v, ” .
anc nights, the {feafons, and other things which
depend: upon it.s As the fun moves in the period
of one

the ecli p: from weft to
s the equator in 1wo
it at an angle of about 23

5 therefore the {un
1]1 th(’ ‘-r—i‘lﬁmr; at

twice in the year, muil st

t ‘-.-'v!'ucn time its declination is 0°;
and twice ;

In the year muft be fartheft from the equa-
tor, :

ts declination is about 29° 2%’; once on
the north fide of

fide of i,

the equator, and once on the fouth
Ih‘? former two of thofe points are ca lled

the
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the eguinoitial points, (becaufe when the fun is at
thofe points, the days are equal to the nights) other-
wile called the firft point of Aries, and firft point of
Libra. A great circle, or a fecondary to the equa-
tor; pafling through thofe points, is called the egui-
noctial colure. ‘The latier two points are called the
JSolftitial points, becaule thole points {which are the
firft ‘point of Cancer, and the frlt point of Capri-
corn) are the lalt ftations of the fun, after which it

Of the Apparent Syftem

begins again to draw near to the equator. Itisat -
thofe two points that the tropics touch the ecliptic.
A fecondary to the equator, pafling through the
folftitial points, is called the folfitial colure.

In fig. 7, Plate XXVI. zabsh reprefents the
earth ; NCSE reprefents the apparent celeftial
fphere, or our meridian, as [ituated with refpect to
our latitude, viz. §1° 31° north; EE is the equa-
tor, CD the ecliptic, which interfeés the equator at
an angle COE of 23" 28°. CT is the tropic of
Cancer, which is parallel to the equator, and touches
the ecliptic at its moft northerly point C, which is
the firll point of Cancer. RD is the tropic of
Capricorn, likewife parallel to the equator, and
touching the ecliptic at its moft foutherly point D,
which is the firft point of Capricorn. H H is our
horizon, London being at =, and our zenith at Z,
N S is the axis of the world, of which N is the
north, and S the faud}, pole*,

O is

# For the fake of gerfpicu‘i:y the fphere inms
projected orthographically, and the meridian NCHSDT is
the

==
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O is one interfection of the ecliptic with the
equator, or the firft point of Aries. The other in-
terfettion, or the firlt point of Libra, being on the
Oppofite fide. C is one f{olftinal point; namely,
the ‘firlt point of Cancer; and D is the other fol-
flitial point; namely, the firft point of Capri-
corn,

Now, on the 2cth of March the fun will be
found ar O, viz. where the ecliptic interfedts the
€Quator ; therefore it will appear to move round
the earth, together with the whole fphere, in about
24 hours, and its path will coincide with the equa-
tor. .On the following day the fun will be found,
not at O, but in another point of the ecliptic a little
eallward of O, zs, for inftance, at P, and, with the
Whole {phere, will appear to turn round the earth in
3 circle paralle! to the equator, for inftance, along
the dotted circle 1, 2, the arc E 1 being its decli-
nation for that day. On the enfuing day the fun
will be found farther from O, as for inftance at Q;
and, moving with the whole {phere, will appear to
turn in a circle o parallel to, but a little farther from,
t.he €quator, and fo ony until in about three months
Ume, viz. on the 21t of June, it will reach the
folRtigial point C of the ccliptic; and on that day it
will appear to turn with the tropic CT; its north

- S o g o
Prmitive circle ; therefore all the circles, whofe planes
ar.
¢ Perpendicular to the primitive, fuch as the squaiar, the
to
“Opics, the ecliptic, &c, are reprefented by right Jin

de\.lm.mon

T
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declination CE being an arch of about 23° 28°.
After this, the fun will continue to move on the
ecliptic, and after about three months longer, viz.
on the 23d of September it will reach the other in-
terfection of the ecliptic with the equator. Pro-
ceeding ftill farther, in abour threec months more,
viz. on the 22d of December, it will reach the other
folftitial point D of the ecliptic, ar which ame it
will appear to move along the tropic DR, Near
three months afier, it will reach again the equi-
noctial point O ; having performed the whole courfe
of the ecliptic from the welt towards the eaft, in
the compals of 12 months ; after which it begins
to perform a fecond and fimilar revolution, &c.—
This motion of the fun. being once underftood,
the following confequences will be readily com-
prehended.

I. When the fun is at the point O of the eclip-
tic, and appears to move along the equator E E ;
then, fince EE 1s a great circle, and the horizon
H H is likewife a great circle; therefore they muft
cut each other into two equal parts; hence, at that
time, half the apparent daily courfe of the funis
performed above the horizon, and the other halfis
performed below it; or, in other words, the day is
equal to the night. When the fun is in any other
point of the ecliptic, between O and C, its daily
courfe will be performed in lgffer circles parallel to
the equator ; which leffer circles are .cut into two
unegual parts by the horizon, becaufe they are not

sl perpendicular
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Perpendicular to the horizon; thus the circle C T
18 cut by the horizon H H, into two unequal pafts,
Whereof C 3 is the largeft, and 3 T the fhorteft;
for fnce C T is cut at ¢, into two' equal parts by
the great cirele NOS ; therefore C 3, being longer
than the half C 5, muft be much longer than the
fegment T 3. Of any cne of thofe circles, along
which the fun appears— to perform each daily revelu-
tion, that portion, which is above the horizon, is

called the diarnal arch, and that which is below the
horizon, is called

the mofurial arch ; the halves of
which, viz, §

'om the horizon to the meridian as 3C,
and 3T ; or as 13, and 2y, are refpeively called
theﬁmffﬁimm[, and the femineffurnal, arches. There-
fore, from the 2oth of March, at which time the
funis at the point O, until the 218 of June, at
Which time the fun is at the point C of the ecliptic;
the diurnal arches, or the days, grow continually
longer than

€ nofturnal arches, or the nights.
After that,

the days begin to fhorten, and the
nights to lengthen,

in proportion as the fun draws
hearer to the

autumnal equinox, and on the 23d
of September, when the fun is exaétly at that point,
the day becomes equal to the night. Proceeding
R4l Farther towards the fouthern part of the eclip-
<, the fun again performs irs daily courfe in lefler
Cl_rclr:s, which are unequally divided by the horizon;
with this difference, however, that now the #ofurnal
are longer than the diurnal arches; viz. the nights
grow continually longer than the days, until the fun

VoL, 1v, E reaches,

tic
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reacfig, on the 22d of December, the point D of
the ecliptic, at which time the femi-diurnal arch
R 4, or the day is the [horteft, and the femino&ur-
nal arch D 4, or the night is the longeft, Then
the days begin to lengthen again, &c.

In fhort, during the 12 months, four remarkable
changes, or periods, or fealons, may be diftinguifh-
ed, viz. 1ft. From the vernal equinox, on the 20th
of March, when the fun is at O in the ecliptic, until
the fummer folftice, on the 2ift of June, when the
funis at C, 2dly, From the laflt-mentioned time,
uneil the fun reaches the autumnal equinox on the
2:d of September. 3dly, From the 23d of Sep-
tember, until the 2:d of December, when the fun
reaches the winter felftice, 4ihly, and laftly, From
the laft-mentioned time until the {un reaches again
the point O, on the 2oth of March ; thofe periods
form the four fealons of the year, which are attended
with different degrees of temperature, different fer-
tility of the ground, &c, Thofe differences. arife
from the following three caufes, that is, 1ft, becaufe
when the fun is longer above the horizon (as in
fummer) -than below it, the ground, by being
longer expofed to its rays, acquires more heat than
when the {fun remains a fhort portion of the 24 hours
above the horizon ; 2dly, becaule, when the fun gets
nearer to our zenith, its rays, coming lefs obliquely,
fall upon a given fpoc in greater quantity than when
they are more oblique ; and 3dly, becaufe when the
fun is nearer to the zenith, is rays go a fhorter way
: through
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1 g
through the ﬁt:T.ui’pfifrc, i, of courfe, are lefs ob-

heware mor< obligue *.
ftruted b b L, than when they are more iqu

I, "The effefs, which we have juft defcribed,
are fuch as ok place in our latitude ; but in other
latitudes they (1?"" confiderably, -as will be eafily
cOMmprehended by attending to fig. 7 5 and, by ob-
fe rv;w that when the fun is ﬂrlvancm** towards the
northery hemifphere, it muft recede from the
fouther hemifphere; and thercfore whillt the days
are growing longer to us, and the nights fhorter;
the reverfe mull take ')Iﬂce Wit h refpedt to the inha-
bitants of ¢

]TlUrt !le Gl

longer, therefore, v'h'c it is fummer to us, 1t muft
be winter to them, and wvice v ¢rfz. But when the
fun is a¢ the equinoctial points, the days are equal
to the nights all over the earth, becaufe the fun then

whoves along the equator, which, being a great circle,
Is cut

1e fouthern hemifphere ; viz. the days
ninithing and the ni ghts mult be growing

tinto tWo equal parts b; the horizon of every
place,

I11, Eycmtm"r when the fun is at the equinoctial
points, the IU"'“LF of the fame day, viz. of the fun’s

continuance above the horizon, is different accord-

T——

* The dife of the {un appears, from meafurement, to be
2 little ar ger in winter th
that the fun o
E“t "lc thm
&l!{‘ [h

an in fummer ; therefere we infer
alittle nearer to us in winter than in fummer.

ehce 15 {o fmall, that the efeét which might
“refrom, i valtly overpuwered by the above-men-.
tioned- three Caufes,

E 2 ing
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ing to the difference of latitude; for in that propors
tion the parallels of declipation are more or lefs in-
clined to the herizon ; and, of courfe, are mote or
lefs unequally divided by the horizon of each parti-
cular place. ‘Thus, for inftance, on the 4th of May
we have about 2o hears of day light, and about four
hours of darknefs ; but on the fame 4th of May
thofe, whofe latitude is fariher north,  have a
longer continuance of day light, and a fhoster of
darknefs ; whereas thofe who live nearer to the
equator than we do, have a fhorter continuance of
day light, and a longer of darknefs.  In (horg; to
thofe who live under the equator, the days are al-
ways equal to the nights, becaufe every parallel of .
declination, or every apparert revolution of the fun
is divided into two equal parts by their horizon. But
the horizons of other places cut the parallels of de-
clination more and mere unequally, in proportion as
thofe places are more and more diftant from the
equator ;- whence the difference berween the days
and the nights increafts accordingly. But to thofe
whofe- latitude exceeds 66° 327, either fouth or
north, the fun remains above the horizon during
feveral days fucceffively in fummer, and remains
quice invifible during feveral days fucceflively in
winter.

In order to underftand the reafon of this pheno-
menon, it muft be previoufly confidered, that when
an opaque globe, like the earth, is expofed to a very
diftant luminous objeét, like the fun, it can have not
more
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more than half its furface illuminated at the fame
time, and the boundary of that iluminated part
tound the {phere, forms a great circle, the axis of
which, if produced, will pafs through the luminous
obje€t.  Now when the fun is at the foliftitial point
Cs it is then vertical to that part of the earth (viz.
to the fpot i}, the latitude of which is about 23°
28’ north ; for fuch is the angle COLL. Now fince
the circle b2, which forms the boundery of light,
being a great circle, is go° diftant f;'oa1; its pole 7;
and fince the arch ¢z 1likewile go ; therefore the

(.]1*%‘&. 1ce f; 7 rr r,.\.‘

sundary of light "vom the pole

&, n-i‘..lll: L)t '3".}[.1.2] o i é, Vi.{ 2 o

o
C.‘
0.2

il
R

$ {o that at that
Flme the portion ank of the earth malt be conftantly
‘Huminate-l that is, the fun muft appear to go round
f‘“d round for feveral days, without ever fetting. It
8 3lfo evident that an equal portion &sf of the earth,
round the {outh pole 5, mufl remain as lang in an

uninterrapted darkpefs. The circles b g, and bf,
which limit thofe fpots, and which are about 232
28" diftant from the poles (viz. as much as the
tropics are from the equator), are called the polar
circles, b a bei g the north, and & f the fouth, polar
cirles, otherwife ca led the aréiz, and the guiaric
circles. When the fun, after the foliftice, draws
eater to the eguator, tie boundary of light mult of
Coutle appraach the poles; hence a {maller portion
of the eq th, mmct rhe nasth pole, will have con-

2y light, apd an equal portion rousd the
x.)ll.n P-J‘, Wi 11 1

ftant d

ave conftant darkneis., But when
E3 the
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the fun, having croflfed the equator, advances to-
wards the fouthern hemifphere, then the bsundary
of light recedes {rom the north pole #; that i<, ‘a
Inrger and larger portion of the carth round that
pa':e, will be left in Cu‘nnml darknefls, whilt an
equal fpot round the fouth pole s will enjoy conftant

day light, and fo on. 'T.}ercﬂ;r(: the inhabitants of
) >
the north pole ({uppofing that £

<

e

r ome may  live
there) muft {ee the fun above their herizon (which
coincides with the equator) moving parallel to it
during fix months of the year ; viz. from the vernal

equinox to the autumnal equinox; and mult alto-

sfe fight of it during the other fix months ;

whereas the inhabitants of the fouth pole muf have

t night during the former fix months, a5d

2 conftant day hght during the Jatter fix months,
1V, ‘As the fun moves fromi one tropic to the
other, and bick again to the former tropic in the
courfe of every year, and as the tropics are about
23° 28" diftanc from the equator ; therefore the fun
is veracal to, or pafles over the zenith of, different
places on the fur'ace of the earth, provided the la-
ritudes o Jf:hnfc places do not go beyoud 23° 28°
north or fouth of ;lu equator. That portion or zone
of the “",t.‘i which 15 within thofe two latitudes, or
which is between the tiopies, is ‘called the forrid
zone, from t‘l'c areat heat to which it is expofed.
The portions baa, and fsb, which are limired by
the polar circles, are called the nerth and the Jouth
frizid-zones 3 the remaining parts of the earth, which

are
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are between the tropics and the polar circles, are
called the temperate zopes. Thus the furface of
the earth is fuppofed to be divided into five
Zones¥*,

After the above mentioned confequences of the
fun’s daily and 2nnual courfe, it will be neceffary to
mention fome irregularities refpecting it, the caunfe
of which will be explained hereafter ; as alfo the
leagth of the year, both folar and aftral.

If we count the time from the vernal equinox to
the autumpna) equinox, and likewife the rime from
the autumnal equinox to the next vernal equinox, we
thall find thar the former period exceeds the latter
by about cight days, which fhows that the fun re-

———

* The follow ing ulclefs diftinétion refpe&ing the fhadows
which are caft by the different inhabitants of the earth, is
generally mentioned by the writers on aftronomy. The in-
habitants of the torrid zone are called Amphijeii, becaufe, at
different times of the year, their meridian fhadows are di-
rected towards both poles; but when the fun is over their
heads, then their fhadow falls under their feet, or rather they
form no thadew fimilar to the human body, and at that time
they are called Afeif, or thadowlefs, T hofe wholive in the
ltjmper;ne zones, are called Hetergfeii, becaufe their meri-
(T.lan thadows are projetted mwar-ds one polz only at agy
e ref the year,  Laflly, the inhabitants of the frigid
I‘;‘U“CS are called Perifeii, becaule when the fun is con-
Eantly above their horizons, their (hadows are fucceflively

'TCIL,,, Pz e ’ Sl :
directed towards all the points of the compafs, in 24 hours.

E 4 mains
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mains about eight days longer on the northern half
of the ecliptic than on the other half of it.
Aftronomers confider the year under two dif
tinttions; viz. the folar and the afiral. The tro-
pical or folar year, upon which the feafons depend,
is the exa¢t time in which the fun moves all round
from one equinox to the fame again, and which
period has been found to be equal to 36 5 days,
5 hours, 48" 49 The afral year 1s the time that
the fun employs in going from one figed part of the
heavens, viz. from a given fixed fta ar, all round,
and again to the fame precife point of the heavens 3
and this period or aftral year is a little longer than
that of the folar year, viz. irisequal to 3 365 days, 6
]L,U\a, 9 » 12", which is longer than the folar year by
20,23, of time; or to an arc of 0,25 (for, in 20,
23 of ime, the fun percurs an‘arch of 507,25 )3
fo that the fun, as feen from the earth, arrives at the
equinoctial point, viz. at the equator, a little before
it arrives at that fame precife point of the heavens,
with which it coincided, when it croffed the equator
on the preceding year. This difference berween the
period of the fun’s going from one equinox to the
fame, and the period of its going from a given ftar,

* This 'is eafily determinsd by means of the common
rule of proportion; for fince the fun’s apparent daily motion
perferms an éntire circle in 24 hours; therefore we fay as
24 hours are to 360 degrees; fo are 20’ 23" toa fourth
proportional,
or
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or part of the heavens, to the fame again, is called
the preceffion of the equinoxes. This preceflion inone
yearis very tI‘iﬁinQ,_bu: the accumulation of it after
a number of yf:a;_-;, produces a confiderable differ-
ence, which can by no means be paflfed unnoticed ;
thus, in.a hundred years (which is called the fecular
Preceffion) it amounts to 1° 235 4§75 and the dif-
ference, which it has produced fince the ftars were
firlt oblerved, and their pofitions were delineated, is
very {’Lriklnf__{. _

Novices in aftronomy do not, in general, readily
comprehend the real meaning of the preceflion of the
cquinoxes ; therefore it will be necetfary to explain
1tin a more particular manner.

How can the fun return to the fame equinox at
the end of every year, without returning to the fame
fpot in the heavens, or to ihe fame fixed ftar ? isthe

ufual difficulty.  In order to clear this difficulty the
reader

muft recolle&t that the equator is a circle
which,

being equidiflant from the poles, divides the
celeftial fphere into two equal portions.  Now, if
the poles werc [tationary, viz. coincided conftantly
Wwith the fame {pots in the heavens, then the equator
would likewife pals conftantly ever the fame fixed
flars, and would cut the ecliptic conftantly at the
fd‘me Points; for the ecliptic is an invariable circle,
vz it paffes always over the fame ftars. But it
has beep obferved, that the poles are {ubjet to a
ponfiang though very fimall, movement ; fo that if

at
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at one time any one of the two poiats in the hea-
vens, which do not revolve with the daily revolution
of the reft of the fphere, and which we, for that
reafon, call the poles, ‘be near a certain ftar, fome
years after it will be found near fome other ftar; or
in other words, the ‘polar flar is not always the
fame. It appears from the refult of calculations
eltablithed upon the obfervations made during fe-
veral centuries, that the path of either of the polss

*is a circle, the pole of which coincides with the

pole of the ecliptic, and that the pole will move
along that circle fo very (lowly, as to accomplifly
the whole revolution in 25791 years nearly, The

“diameter of this circle is equal to twice the inclina-

tion of the ecliptic to the equator, viz. to about
2%

Now, as the ecliptic is a fized circle in the hea-
vens; but the equator, which muft be equidiftant
from the poles, moves with the poles ; therefore the
equator muft be conflantly changing. its interfection
with the ecliptic,  Apd from the beflt obfervations
it appears that the equator cuts the ecliptic every
year 0’25 more to the weftwards, than it did the
year before: hence the fun's arrival at the equinoctial
point precedes its arrival at the fame fixed {pot of the
heavens every year by 20 23" of time, or by an
arc of 50,24, Thus, by litde and lictle, thefe
equinottial’ points will cut the ecliptic more and
more to the weftward, untl, after the long period

of
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of 25741 years, they will cut it again at the fame
pomnt precifely,

The 12 conftellations, which, as has been men-
tioned in the preceding pages, occupy the whole
zodiac, bave given their names to 12 equal portions
of the ecliptic, each portion confifting of 307, and
€ach portion was marked by the fign, mark, or

1,
Ciaratte

t

>elonged, or with which it coincided when the con-

r, peculiar to the conflellation to winch it

feellations were firlt noticed, at which time the ver-
nal equinox toolk place in the conftellation of Aries,
the fummer folflice in that of Cancer, &c. but on
account of the preceffion of the equinoxes, the con-
ficllations no longzr coincide with thofe points; for
inf’cancc, the vernal equinox is in the conftellation of
Pifces, and the conftellation of Aries is now confi-
d‘”'abljf removed from it, and is gone nearer to the
fammer folftice ; and fo are all the other conftelia-
tions removed ; yet their characters have been left
to denote the fame parts of the ecliptic ; thus the
vernal equinox is called che firlt point of Aries, and
is marked o ; and fo of the reft.

From what has been faid above, it appears that
Dot only the equino@ial points, but al{o the foliftitial
Points, maft change accordingly. ‘

Tt is now necefla

n?_)en Way of reckoning the year.—It has been faid
a‘l Ove, that the length of t}
2ays, 6 hoyrs

FRcy)

Iy to explain the ¢wil or com-

e aftral year is 363
> 9> 12%, and that the length of the
tropical or folar year is 365 days, 5 hours,

48’1
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fo the /.’I‘ arent 4 u y/Fem

48, 49 - Then, fince the feafons and the lengths of
da} sand nightsdepend upon thelatter, it is therefore
natural to ufe the laft, viz. the folar yzar, for the pur-
pofes of civil fociety. Now as the period of that year
does not confift ofa aumber of entire days; there-
fore, beginning to reckon from any day, one year
after that, or the new year, ought to begin when
365 days, ¢ hours, 48, 49", are chpﬁ:d; and the
next year ought to begin when twice that period, or

~ 0

when 730 days, ¥1 hours, 377, 38", are elapfed;
which would malze an enormous confufion : on the
other hand, if the 5 hours, 48, 49", be negledted,
the accumulation of fo many negleéted 5 hours, &c.
after a number of years, would produce a confider-
able difference between the folar and the civil year,
and the {eafons would not fall conftantly on the fume
months.

It is eafy to obferve thar the 5 hours, 48, 497
will ameunt to nearly 24 hours, viz. to a whale day
at the end of every four t,ru-ars, Therefore Juolius

Cafar, willing to remedy this nremhrnv, ordered

‘J
that every fourth year fho nd have an intercolary
day, viz. bould confiit of 366 days; w!;tr:eas every
one (\rth otherthree years confifts of 365days; anc d
this mode of reckoning, which has n;cm.lul ever
fince, Eas. thence bzen called the Julian method;

-

and that t_-\-'cry m::rLia or Julian y: r, has been uni-

=

T he .ui;'}lul 1' day which thar }31, has ;.bm’e every

2, ar of the three {ucceed-

ing
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ng years, was by the ancient Romans added to the
23d of Febtuvary ; fo that in 2 leap year they reck-

oned the 23d of February twice over, viz, according

g

to' their way of reckoning, in that year they had two
fixth days preceding the calends of March. Hence
{viz. from bis fextus) that year was called a iffextile
year. At prefent we add the intercolary day at the
end of Fcbnmry; fo that the month of Eebruary
has 23 days during three fucceflive years; but every
fourth, or leap, year, it has 2g days.

: Thus the compenfation would be fufficient, if the
folar year confilted of 365 davs and 6 hours, be-
caufe the fix hours of all the four years, amounting
to:24 hours, would be exaltly equal to the-additional
day, which is allowed to every fourth year. But
fince the odd time amounts to 5 hours, 484 49~
which is 11, 117, fhort of 6 hours; and the ac-
Cumulation of thofe 117, 117, amounts to one com-
Pl_mf day in abour 130 years ; therefore, the addition
of one_day every four years is evidently too much,
by 4 times 11/, 11 s viz, by 44, 44", or by about
one day in 130 years. In fact, at the council of

Nice (A, D, 325.) the vernal equinox feli on the
21t March; but

the equinox continually falling
back: it

; appeared at the time of Pope Gregory the
i3t . ;
3th, that the fun came to the vernal equinox on

the 11¢] iff I
1th of March, therefore the difference between
the folap and the cj

d : vil years, amounted to 10 whole
3¥S5 in confequen

ce of which the above-mentiensd

Pope
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Pope ordered that the calendar fhotld be corrected,
by taking 10 whole days out of it; and according -
ly, in the year of our Lord 1582, the day following
the 4th of O&cber, inftead of being called the gth,
was called the 15th ; by means of which alteration
the real equinox was reftored to the 2 tft of March:
and in order to prevent, as much as poffible, the like
irregularity in future, the fame pope ordained, that
every 1ooth year, which according to the Juhan
mode was to be a biffexdile year, fhould be a com-
mon year, viz. of 365 days 3 but becaufe that was
too much, every sooth year was to remain biffex-
tile. In other words, to leave out a biffextile-day
in February at the end of every century of years not
divifible by four, reckoning them common years of
365 days cach; fuch as the 17th eentury, or the
year 1700, the 18th century; or the vear 183co, &e¢.
and to retain the biffextile day in Lebruary at the
end of thofe centuries, which are divifible by 44
fuch as the 16th, acth, 24thlcenturics, &c. or the
years 1600, 2000, 2400, &c. Thus the prelent
year 1802 is faid to be the fixth year after the leap
vear, for the year 1800, viz. the 1 8th century, being
not divifible by 4, was reckoned a common year.
This new form of reckoning, viz. with the juft
and neceffary corre@ion which was ordained by
Pope Gregory, is called the Gregorian, or the new,
Syle, and has been adopted by almoft all the en-
Hightened nations of the workd, There are fome,
however,
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: -di the old
however, who ftill reckon according to the ok
Atyle, viz. as if no alteration hed been made by
1(i:c (_Ju:m y

What has bcr:n faid above, concerning the de-

: & fromids
Vu_.\.l an Of t]n_‘ U'U{i’ ver ...I,.“ t-.'l‘lh“{ 1A i P{?lr‘t from

ufual dhv in March, muft be likewife underftood of

[ o oty i b B
the other equinoctial poins, as alfo of the {oliftitial
i“’“”“' for accordia g as one of them dwm:es from

entiy 1ate
1% ufual day, fo muft the others evidently deviat

flOIﬂ [L]_r-vr u“,,l dﬂ.‘."‘




CHAP. IL

OF THE TRUE SYSTEM OF THE WORLD, OR OF THE
SOLAR SYSTEM.

W YHE apparent movements of the celeftial
bodies have been deferibed in the preceding
chapter, {ufficiently to give a general and compre=
henfive idea of the whole. With this view, as alfo
for the purpofe of avoiding confufion of ideas, the
moft minute particulars, together with the pradi-
cal methods of taking and calculating the fame, have
been referved for future chapters. In that view fe-
veral apparent irregularities have been pointed out,
which, together with various other confiderations,
prove that the celeftial bodies mult move in paths
different from what they appear to perform.

We hate fhewn in the firlt chapter of the pre-
fent part, that regular movements may appear ta
be very ifregular; as alfo that bodies atuwally in
motion may appear to be-at reft; or, vice verfa,
that bodies at reft may appear to be in motion,
according to the fituation of the {pectator.,

The evidence of our fenfes, frequently fallacious,
and hardly ever corret, muft be fubmitted to the

M - {uperiority
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l“’P‘““it‘-l‘ity of reafon and demonftration. When the
fame appearances may be produced by various dif-
ferent caufes ; that caufe muft be admitted, be«
“e‘-’td, or preferred, which is warranted by rcafonf
not that which implies an abfurdity, or which bears
N0 analogy 1o the known works of nature, When
Perfons in different boats, move in different di-
redtions along the {ea coaft, they may at firft fight

'magine that they are ftanding ftill, and the land is

mMoving; but it ig eafy to conclude, that thisis a

fallacioys Appearance ; for, on accaunt of the boats
MOving-in different direétions, the land ought like-
Wife to move in different dire@icns at the fame
time, which is an evident abfurdity.

Thus alfs o 2 fpe&ator on the plane, the clouds
feem e be a5 high as the moen ; but that they are
vattly diftant from it, is clearly proved by thofe who
afcend to the tops of high mountains ; for they fee

the clouds below their fzet, at the fame time that
the moon fe

€ms to be as much above their heads as
when they were upon the plane.

The fun, the moon, and efpecially the' planets,

Appear to move with
f:ll‘[h; I}'it!'cﬂjr
round {ome o
laws
what

great irregularities round the
€ 1t is moft- probable that they move
ther centre, agreeably to fome general

of nature ; and analogous to the other, even
Wwe call the

our urmgft end
conformable to,
general law,

YOL, 1v.

meaneft works of nature, which
cavours always find ro be ftrictly

or depending on, fome {imple and

ot

Various
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Various hypothefes have been formed, or ideal
fyftems of the-world have been framed, for the pur«
pofe of accounting for the apparent irregularities ;
the principal of which fyftems we fhall mention in
this chapter ; but in order to thow how far any one
of them may anfwer the defired object, it will be
neceflary previoufly to mention fome of the molt
ftriking appearances, or difficultics, which they are
intended to explain, and to obviate.

The moon and the eight planets are evidently
epzque bodies, and they only fhine by refletting the
light which they receive from the fun ; which is de-
duced from this, viz. that their illuminated part is
always that which is dire¢tly towards the fun, the

reft being always dark., From the appearance alfo

of the boundary of light and darknefs upon their
furfaces, we conclude that they are fpherical or
nearly fpherical bodies ; which is confirmed by moft
of them having been found to turn periodically round
their axes.

- The moon, we are led to fuppofe, keeps nearly
within the fame diftance of the earth; for her appa-
rent diameter does not vary much; and from often
repeated meafurements, it appears to be never lefs
than 2¢’, 30”; nor ever grea:er than 33%

The moon comes to the meridian later every
day, cuts it at different heights, and remaips a dif-
ferent length of time above the horizon, Its phafes,
or appearances of its thining part, have already been
defcribed.

The
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The planet Venus, the brighteft of the planets;
when viewed through a telefcope, is found to un-
dergo changes analogous to thofe of the moon. Her
pparent diameter varies confiderably, fometimes
being five or fix times greater than at other times.
She i fometimes found to come to the meridian
with the fun; it then precedes the fun, fo as to ap-
PEar to move from eaft to weft, and this precedency
increafes wngjl it becomes equal to 3 hours 107, of
t0an arc of 47s, 35° At this period Venus feems
to be {‘rationary for a fhort time, after which the
time of hey coming to the meridian before the fua
decreafes gradually, and at laft they both come to
the meridian ar the fame time. After this coinci-
dence, fhe culminates later than the fun, and conti-
DUES to move apparently from welt to eaft, until fhe
€Omes to the meridian about 3 hours 10’ later,
Which is her greatelt elongation from the fun; for
3t this period fhe again feems to remain ftationary
fr a fhort time, thén the appears again to move

rom eaft to weflt, and fo on. The declination of
Venus varies cp

from the e
of it,
fets aft

nfiderably ; fometimes receding
quator as much as 27+ north or fouth
When Venus appears eafterly of the fun, fhe
¢r the fun, of courfe is feen in the evening,
and is then called the evening flar. When fhe ap-
Pears weftward of the fun, (he then rifes before the

fun, ang being feen in the morningy is called the
Morning flar

Mf”-’-”-"ﬂ' is feldom féen, on account of its fhort

F 2 diftance
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diftance from the fun, which never exceeds 1 hour
50 in time, or an arch of abour 27° 307 It per-
forms its movemerts much quicker than Venus ;
but, as far as has been obferved. it has been found
to move like Venus, viz. to be fometimes diredt, at
other times retrugrade,‘and at it greateft elonga-
tiens from the fun, ftationary.

The planet Mars fometimes appears to come to
the meridian together with the fun, at other times it
precedes or follows the fun. It is fome time direétly
oppuofite to the fun, fo as to be feen on the meridian
at midnight.  When Mars is thus oppofite to the
fun, its diameter is about five times greater than
when it appears near to, and comes to the me-
ridian at the fame time with, the fun. The ap-
parent motion of Mars is alfo fometimes dire®, or
from eaft to weft; fometimes retrograde. Between
thofe changes it appears ftationary for a fhort time.
Its phafes may be clearly difcerned through a te-
lefcope 5 for its thining part is fometimes full and
round, and at other times gibbous, but never horned
like the new moon.

The like remarks are true with refpect to the
other planets.  They being alfo dire, retro-
grade, or ftationary at different times, and, as far
as can be obferved, fthewing different phafes, like
Mars,

The principal hypothefes or fyftems of the world,
which have been formed in ordér to account for
thofe phenomena, may be reduced to three, which

are
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are known by the names of the Plolemaic, the
Tychonic, and the Copermican, or Newtonian, fif-
ems,

Ptolemy, ‘an Egvptian philofopher, who wrote

about the year 1486, endeavoured to eftablifh the
4 =

vulgar idea, which is derived from firft appear-

ances, uncontrolled by reafon. He fuppofed that
the earth was fixed and immoveable in the centre of
the univerfe, and that all the celeftial bodies per-
formed their revolutions about it in the following
Order, viz: the Mgon was next to it, then came
Mercury, Venus, the Sun, Mars, Jupiter, and
Saturn; the other three plancts not being known at

g ’

tat time, Beyond Saturn, he fuppofed the ex-
itence of various immenfe orbs, which he called
th

3¢ ftarry firmament, and the cryftalline orbs under
the names of primum mobile, and calum empyreum ;
Al which were fuppofed to torn round the earth
once in o4 hours, befides their having proper’ and
peculiar movements,

If this fyftem haq been true, the planets Mercury

and Venus ought fometimes to have been {een in
Oppofition to the fi,
obferved.

as they will

n, which phenomenon was never
I need not adduce more objections ;
naturally be manifefted in fpeaking of
t}i{? "rue fyftem, which' was revived by the genius of
Nicholayg Copernicus, who was born at Thorn in
Pmﬂh’ A.D. 1473, and which was aft:rwards

eftablitheq UPon a. fafe foundation, by the incom-
Parable Sir Jfac Newton.

F 3 1 faid
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. 1 {aid the fyftém revived by Copernicus ; for the
fame had long before been ‘introduced into Greece
by the great Pythagoras, and his difciples, who had
probably learned it from the wife men of the
Eaft.

According to this fyftem, which we fhall pre-
fently deferibe in 2 more particular manner, the fun
remains immoveable in the centre, and all the
planets, reckoning the earth one of them, move
round it at different diftances, and in different times,
Mercury being neareft to the fun; then the others
eome in the following order with refpet to their
diftances ; viz. Venus, the Earth, Mars, Jupiter,
and, laftly, Saturn.

This fyftem was adopted and retained, until
Ariftotle, and the philofophers that came after him,
embraced the vulgar, or Ptolemaic, fyftem ; and
their autherity impofed it upon mankind, till Co-
pernicus revived the Pythagorean idea; and the in-
dullry, the difcoveries, and the reafoning of almoft
all the fucceeding philofophers, eftablithed it upon
the {trongeft foundation of rational evidence.

I have faid almofl: all the philofophers, &e¢. ; be-
caufe another fyltem, which partakes of both the
above-mentioned {yftems, was offered to the public
by Tycho Brahe, a very diftinguifhed Danith aftro-
nomer, who has otherwife rendered effential fervices
to aftronomy, and who wrote about the middle of
the 16th century. ‘This diftinguithed charafter
{rems to have admired the fimplicity and the beauty

of
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of the Copernican fyftem; but a ftri& interpreta-
tion of, and his refpect for, certain paffages of the
Bible, prevented his affent to the idea of the earth’s
motion, in confequence of whicl: he formed the
following fyltem. He fuppofed the earth to ftand
Mmoveable in the centre of the univerfe, and the
fun to revolve abour it every 24 hours: the planets
he thought went round the fun in their periodical
times,_ Mercury being neareft to the fun, then
Venus, Mars, Jupiter, and Saturn, and of courfe
fc_’ revolve alfo. round the earth. But fome of
Tycho’s diftiples fuppofed the earth to have a
diutnal motion round its axis, and the fun, with
all the planets, to move round the earth in one
Year,

The embarraffment and perplexity, under which
Fhis fyltem laboured, were too evident. The moft
inconfiftent fuppofition was, that the planets per-
fu?rmed their revolutions round two centres, viz. the
diurnal round the earth, and the periodical round
the fun. But its inconfiftencies will be naturally
manifefted by the following defcription of the true
i Copernican fyftem, which foon afrer Tycho’s
Ume was confirmed and explained in almoft all its
parts, by the unanfwerable arguments and won-
derful difcoveries of Repler, Galileo, Newton, and
" others,

ACCOrding to this {yftem, the fun, an immenfe

globe, ‘COnﬂ:ant]y emitting abundance of heat and
light, is fitvated in » part of the univerfe, where

F 4 1
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it revolves about a centre, which centre is within its
furface, and which has not been found to aleer its
diftance from the fixed flars.

The planets (of which our earth is one). do all
revolve about the fun at different diftances, there-
fore in different orbits (viz. paths), and in different
times, The comets, when they do appear, are
alfo found to go round the fun. The order, in
which the planets are fituated with refpe@t to their
diftances from the fun, is as follows : Mercury is
nearefl to the fun, Venus is the next, then comes
the Earth, Mars, Ceres, Pallas, Jupiter, Saturn,
and, laftly, the Georgian planet.

The Moon goes round the carth, and of courfe
with it, round the fun. Jupiter, when viewed
through a pretiy good telefcope, is feen to have four
moons, which revolve in different paths about ir,
and go with it round the fun. Saturn alfo, when
viewed through a powerful telefcope, is found to
be attended by feven moons, which revolve in difs
ferent orbits round it, and go with it round the fiin,
Belides the feven moons, Saturn is alfo found to
have a remarkable ring, which will be defcribed
hereafter.  The Georgian planet, when viewed
through the moft powerful telefcopes, appears to
bave’ fix moons, which move in different orbits
about that planet, and go. with it round the fun.
The other five planets have not been found to have
any moons.

T he above-mentioned moons are otherwife called

v

= Jatellite s
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Jatellites, or fecondary planets; their refpe@ive primary
Dlanets being thofe about which they revolve. Al
the planets move from the eaft towards the wefl,
and in the fime dire@tion do the moons revolve
round  their primaries ; excepting thofe of the
Georgian planet, which feem to move in a con-
trary diretion

Befides the ahove-mentioned movements round
the fus, the earth and imoft of the phnctg have a rota-

tory motion round their own axes, which motion isin
the direion from eaft to weft; and, reafoning from
analogy, it feems probable that all the planets, as
well as the fatellites, move rourd their refpective
AXes in the fame direftion, viz. from eaft to
welt,

Before we proceed any farther, it will be ne-
Ceflary to aflitt the learner in the comprehenfion of
this fyftem by a diagram. Sce fic. 8, Plate XX VL
Which: exhibits 3 view of this [yliem, as it would
appear’ to a fpe

Cator fitvated at a confiderable difs
tance abov

e the fun, in 2 line perpendicular to the
€: 3 B . - : B i
arth’s orbit. - But it muft be oblerved, that in this

O o Hp R 3
figure the diftances of the planets from the {ua, and

of the fatelli

fented in th
tl

¢s from their primaries, are not repre-
1€ir due proportions, which the fize of
*= plate cannot admit of
Prefented iy ey
but fo hitde different from circles, thar, in a dia-
gram of this fo,
from cir

nor are their orbits re-
true fhapes, which are eliistical,

il
L

T, they could hardiy be diftinguifhed
C‘.l‘lﬁr p:\tlls'

With
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With refpect to this figure, we need only obferve
that the motion of all the planets round the fun,
which ftands in the centre, is in the dire&ion of the
letters ABCDE, and the motion of the fatellites
round their primaries, is in the direftion of the let-
ters abcde.. The marks or charaters of fuch
planets, as have any chara&er given them by the
aftronomers, are marked upon their refpe@ive or-
bits in a line from the centre of the figure up-
wards. The altronomers denote the fun by the cha-
racter ©. .

Thus (we have faid above) would the planets
appear to move, if the fpe@aror were fitvated above
the fun in a line perpendicular to the orbit of the
earth, . But {uppofe that the fpetator fhould be
firvated fideway, viz. in the fame plane with the
orbit of the earth, but farther from the fun than
any of the plancts; then, ir is evident, that if the
orbits of the planets were all in the fame plane, the
fpectator would fee the planets move all in the ame
ftraight line, This, however, is not the cafe; for
the orbits of the planets are a little inclined to each
other ; in confequence of which the fpectator would
fes them move backwards and forwards, in lines in-
clined to each other, fomewhat like thofe of fig. g,
Plate XX VI ‘

Of the real diftances of the fixed ftars from the
fun, as allo from each other, we are utterly igno-
rant. Certain it feems, that the diftance of the
neareft fixed flar from us exceeds by a great many
millions
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tiilions of times the diameter of the largeft plane-
tory orbit, as that of the Georgian planet. It is not
in our power to fay whether the ftars are of equal
bulks, and appear of different fizes, only on account
of their different diftances; or they differ both in
fize and diftance. = Every circumftance we are ac-
quainted with feems to fhew that they fhine by the
emiffion of their own light, 2nd that therefore they
are of the nature of our fun. Probably each far is
the centre of 2 particular fyftem, and has a number
Of planets revolving about itfelf; and deriving both
light and heat from it ; but thole planets, if exifting,
are quite invifible to s,

Ifitbe fuppofed that each far is eqnal to our fun,
the €xiremely fmall diameters under which tley
Appear, and which cannot be meafured with cer-
faim}' by means of any micrometer, is fufficient to
Indicate the aftonifhing diftances to which even the
fieareft Rars are removed from us.

After huvmg indulged our fancy in a Yhort con-
templation of fo many {uns,

and fo many fyftems,
let us returp to our folar

: fyftem, and enquire what
rctams: the planets in their orbits round the fun.
This queftion, which had long perplexed the moft
163}'n;:d and inquifitive ph'lofophers, was at length
&,“ﬂﬂ&orily anfwered by Sir Ifaac Newton’s theory.
;‘:f;(nnp(‘;;}:t]z \g;rriml-fgl theory, w]-qich he deduced from
frictly v ﬂ: of nature, which he demon&rarcld
; ccount for all the phenomena, and
which has beep, wonderfully confirmed by all the

{ubfequent
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fubfequent aftronomical difcoveries and calcula-
tions *.

I fhall endeavour briefly to explain the principles
of this theory; but, for the comprehenfion of what
follows, the attentive reader fhould recollect what
has been explained in the firft volume of thefe Fle-
ments, refpecting the doftrine of metion, elpecially
concerning the curvilinear motion of a body, which
is alted upon by two powers at the fame time,
one ‘of which powers is uniform; and the other
variable. :

Newton obferving, according to the. known
theory, that the attractive force of the earth adls at
all thofe heights which are acceffible to us, and that
it decreafes in proportion as the fquares of the dif-
tances increafe, naturally conjectured that it might
at at all other diftances under the fame law of de-
crement ; therefore the force of that attraction at any
given diftance being knowr, one may cafily calcu-
Jate the quantity of that force at any other given
diftance.

Newton likewife, obferving that the attra@ion is
mutual amongft the terreftrial bodies, juitly {fuppofed
that all the bodies of the {yftem might mutually at-
tract each other, their attractive forces being as the
quantities of matter directly, and the {quares of the
diftances inverfcly.

Now if this attraltive property alone had exified

* Newton's Principia Math. Phil, Nat,
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n the world at its creation, it is evident that, fooner
or later, according to their diftances, the planets,
both primary and }ch,zrld:r}f, would have all been
drawn with an accelerated motion dire@ly towards
the fun, which i by far the largeft body of the
fyftem ; and the whole would have coalefced in one
bod‘,’. Therefore Newton fuppofed that at the
Creation each planet was impelled by a fingle ftroke,
fuch ag would by itfelf compel it to move at fome

uniform rate in {traisht line for ever, in a direftion
o
Perpendicular

Viied it moved in ap unrefifting medivm, or with a

to that of the fun’s attrallion; pro-

Proportionate retardation in a refifting medium #.
Now thofe premifes being admitted, it neceflarily
bllows, that the action of both powers, (viz. of the

Atradive force which aéts unremittedly, and of the
above-mentioned impulfe) would compel each pla-
U€t to move in a curve line concave towards the
Common cen
be within

tre of attra&ion, which centre muft
the fun, in confequence of the great fize
of that luminary ¥.

With thofe princi

ples Newton began to calculate
and ftricly to de

monflrate, the conlequences which
“}"U& neceflarily arife therefrom, and proved that
the periods, the diftances, the wvelocities, and the
very fhapes of the planets, fuch as had been ob-

ferv -
ed by aﬁronomcrs, were conformable to thofe

* -
The medium throy

Quite unrcﬂﬁing, my

t Seethe oth ¢k

gh which the planets move, if not
t very nearly approach that ftate.
apter of the firft part of thefe Elements.

{
L

pi‘inciples.
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principles. The apparent inequalities of the motions
of the primary planets, of the fatellites, and efpecially
of our moon, are all depending on the fame ; and it
is wonderful to remark, that every aftronomical
difcovery or terreftrial meafurement, made fince
Newton’s time, has been found conformable to his
theory.

Thus we have drawn a concife, comprehenfive,
but fuperficial fketch of the folar fyftem. It isnow
neceflary to enter into a more particular examination
of its parts.— The fizes, fbapes, and movements of
each primary as well as fecondary planet; their
diftances from the fun and from each other ; their
phafes, their mutual dependence; and the beft prac-
tical methods of afcertaining thofe particulars, will be
deferibed in the following chapters,




CHAP. IV.

DEFI.\JIT:ONS} AND GENERAL LAWS, RELATIVE TO

THE PLANETS.

ENUS ang Mercury certainly furround the

fun, ang their orbits are included within the
earth’s orbit; w}

ience they are called the duferior
Planets. ‘

That they really furround the fua is evident from
their having been feen fometimes before, then on one
fide, then beyond, the fun, (which is proved by the
diminution of their apparent fize, and by their difap-

Pearing behing ;e {un) after which they are feen on
the other lide,

&c. When they are before the fun,
are above or below its difc; but fome-
- . - ‘(

pear lilkke dark fpots over the difc itfelf

they generally
times they ap
of the fup.
That theiy orbits are within the orbit of the earth
's alfo evident » for otherwife they would fometimes

be feen i, “FpYfition to the fun; viz. would appear

to rife from the horizon when the fun appears to
e -4 S T

Aet, which s never the cafe

On the Contrary,

the orbits of all the other pla-
Rets include ghay of the earth; whence they are

called
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called the fuperior plancss; and, in fa&, at proper
periods, they are feen in oppo/ition to the fun, viz.
they are feem to rife when the fun appears to
fet; or they are fecen upon the meridian ar mid-
night. :
That the orbits of the planets are fo fituated is
alfo proved from the appearance of their luminous
faces ; for of that half of each planet, which is illu-
minated by the fun, we can only fee fuch a portion
as the above-mentioned fituations of their orbits can
poflibly admit of,  Thus, when Venus V, fig. 10,
, Plate XXV1. is nearly in conjunétion with the fun S,
viz. is feen from the earth T, in the fame part of the
heavens, ‘her bright face appears full and round ;
becauie all her iliuminated face is turned towards us.
On the contrary, when Venus is nearly between the
earth and thefun, asat », then its bright face is turned
entirely from us; in confequence of which fhe dif-
appears, or i feen like a dark {pot upon the difc of
the fun. “When Venus is not quite between us and
the fun, then fhe appears horned like the new
maoon, or more or lefs illuminated, according to its
fituation,

The {uperior planets are never

1 horned, be-
caufe they can never get between the earth and the
fun, fior nearly fo. ~ Thus Mars M, whole orbit
mcludes that of the earth T, and wcludes likewife
the fun, always preferves a full and fhining fice, as
at M orm;but when it ftands at O or P, it appears
a little gibbous, or fomewhat deficient from full.—
‘T hey
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The fame thing may be faid of the other fuperior
Planets,

All the planets, the earth included, move in el-
liptical orbits, though not much different from cir-
cles ; ang the fun is fituated at, or nearto, one of
the foci of each of them. That focus is called the
0%er focus.  If we fuppofe the plane of the carth’s
orbit, which cuts the fun through the centre, to be
xtended ag far as the fised ftars, it will mark among

M a great circle, which is the ediptic, and with
Which the fituations. of the orbits of all the other
Planegs are compared. A frajeffery is the curve
Path ip general of any celeftial body.

The Planes of the orbits of all the other planets
do alf, Pafs through the centre of the fun; but if
Xtended as far as the fixed flars, they form circles
ld_‘ﬁcffr@nt from one another, as alfo from the eclip-
te; one part of each orbit being on the north, and
the other on the fouth, fide of the ecliptic. There-
fore the orbi of each planet cuts the ecliptic in two
oppofite Points, which are called the zodes of that
Particular planet ; ang the nodes of one planet cut
the ecliptic in Places different from the nodes of
A line which pafies from one of
a planet to the other, or the line
¢ of the orbit of that planet curs
e ecliptic, is called the Zine of nodes.
Where the planet pafies from the fouth
o the north e of the ecliptic is called the afrend-
- ¥gnode, and the aftronomers denote it by the cha-
YOL. 1v, G racter

another planet,

ic two nodes of
N which the plan
the plane of th
 That node,
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racter 8. The other node is called the dyfeending
node, as is denoted by the charadter .

The angle, which the plane of a planet’s orbit
makes with the plane of the ecliptic, is called the
inclination of that planet’s orbir,

A perpendicular being let fall from a planet to
the ecliptic, the angle, which is formed at the fun,
by two lines, one drawn from' the point where the
perpendicular falls, and the other from the earth to
the fun, 1s denominated the angle of commutation.
T'he line between the above-mentioned point where

the perpendicular falls, and the fun or the earth, is

called the curtate diffance from the fun or from the
earth.

A line drawn from the lower focus ofa planet’s
orbit, (viz. where the {un is) to either end of the
conjugate axis of its orbits (which line is equal to
half the tranfverfe axis) is called the mean diffance of
that planet.  But according to fome authors, the
mean djfiance is a mean proportional between the two
axes of that planet’s orbir.

The diftance of either focus from the centre of the
elliptical orbit, is called its excemricity.

The apfes, or apfides, are two points in a planet’s
orbit, which are fartheft and neareft to the fun ; the

- former of which is called the higher apfis, or aphe-

fion; the latter is called the lower apfis, or the peri-
belion. . "The diameter, which joins thofe two pointss
is called the line of the apfides, and is fuppofed to
pafs through the centre of the fun. . They are not,
however, alwaysin the fame ftraight line which paffes
through
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thmugh the fun; for they are fometimes out of a

1 : - ;
ight line, making an angle greater or lefs than

18¢°; and the difference from 180° is called the

Motion of the Jine of the apfides. 'When the angle is
lefs than 1800
tig ’

the motion is faid to be in anteceden-
5 Viz. contrary to the order of the figns of the
ECh}?tiC_ When the angle is greater than 180°, the
Motion is faid to be in confequentia, or in the order of
the figns,

When the fun and the moon are neareft to the
earth, they are faid 1o be in perigee.—When at their
8reateft diftance from the earth, they are faid to be
N apogee,

1 The arpument of latitude is the angle formed in the
Eoi;:t,s orbit, at the fun, by two lines, one of which
S from that planet, and the other from its af-
ceading pode,
equ:zl,:; :;:48 anam'zz{y, or,as is fometimes callec‘:l, th.e
bt ;”:}fb', is the angle at the fun, which is
e the 1; radius 'U&’é-fﬁ;.?’, or line drawn from the
the aphelic)}; “fft, and the line drawn from the Ijun to
v of the planet. The mean a‘fz'c?r-}mf} is the
g e Of.a planet from its aphelion (taken
e mone [lll:]ﬁ with the true anomaly), fuppofing
3 Ve uniforml
Y+ The difference between the true and mean

ano : .
Maly, is called the eguation of the centre, or the
P"Cﬁr’:apbe,,gﬁs_

y with its mean angular velo-

L34 .

: {‘dlfa circle be fuppofed drawn on the line of the
Plides a5 5 diameter, and through the place of the
G2 planet
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planet a perpendicular to the line of the apfides, bt
drawn till it meet the circumference of the circles
then the angle formed by two lines, one drawn fro®
the centre of the planet’s orbit to the aphelion, and
the other to the point where the perpendiculal
through the planet’s place, interfedts the circum=
ference of the circle, is called the excerrric anomalty
or the asoaly of the centre.”

The direit motion of a planet, as {een from the
earth, is ‘when it appéars vto move from weft 10
eaft, viz. acfording to the order of the figns, or if
confequentic.  Its-vetrograde motion, or motion in an*
recedentia, is when it appears to move from eaft t0
weft, viz. contraty to the order of the figns. But
when the planet feems to remain 4 certaip time i
the fame place, it is then faid to be fBarionary.

When feen from the earth, it is evident that
the inferior planets muft have two conjunétions with
the fun, and that they muflt be direct in their fupe*
rior conjunttions, retrograde in their inferior con-
junétions, and ftationary fome time before and after-
But the foperior planets are dire€t at the time of
their conjunction with the fun, retrograde at the
time of their oppofition, and ftationary fome timé
before and after their oppolition,

« The apparent velocities of the planets, whether
dire® or retrograde, are accelerated from one of thé
ftationary points, to the midway between that and
the following ftationaty point; from thence they
are retarded until the next Ration, Their greatclt
direct
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diredt velocity is in their conjunéions, and their
Sreateft retrograde velocity 1s in the oppofition of
the fuperior planers, and in the lower conjunétion of
the inferioy planets,”

The infesior planets appear fmalleft in their di-
rF& Moation, and largelt in their retrograde mo-
The fuperior planets appear Jargeft in their
OPoofition to the fun, and fmallet in their con-

Jundtion, e mferior cannot appear to go farther
from the f;

n than the angle which the radius of their
orbit fubye

nds at the earth. .
Even when feén from the fun, the planets do not
Ppear g move equably ir their orbits. In other
"ords the real movements of the planets, (the earth
“Ing one of them) are not equable in their orbits ;

for in fome parts of their orbits they move fafter,
or pe

5 TCUr a greater fpace, than in others, though
t f_‘}' :

always move the {ams way. But thofe which
a firft fight ma

Upon firidt

t;fm general, conftant, and admirable laws ; the prin-
Cipal of which are a5 follows :

10T 3 ftra
the fun, ap
b}" the p

areag

a : :
f th Of the planet, are proportional te the times of
r1e: Planet’s motion
‘Cribeq ;

dffCribe

Y appear to be irregularities, will,
“*aMination, be found regulated by cer-

ight light be drawn from a planet to
d this line be fuppofed to be carried along
eriodical motion of the planet, then the
» Which are deferibed by this right line and the

3 for inftance, the area thus de-
B two hours is the double of that which is
din one hour, and  third part of that which
G 3 is
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is defcribed in fix hours ; though the arc which 15
defcribed by the planet itfelf in two hours, is not
the double of the arc which is defcribed by the
fame in one hour; nor the third part of that which
13 defcribed by the fame in fix hours.

II. The planets are at different diftances from
the fun, and perform their periodical revolutions in
different times ; but it has been found that the cubes
of their diftances. or of the principal axes of theif
elliptical orbits, are conftantly as the (quares of theif

periodical times ; viz. of the times of performing
their periodical revolutions.

Thofe two remarkable propofitions are called
Kepler’s laws ; becaufe Kepler was the firt, whos
by a careful examination of the diftances and pe
riodical times of the planets, fouind them out; but
it was Sir I, Newton, who demonftrated them of
the principles of attra&ion, &c. according to his
theory *,

This wonderful harmony, which has been found
to regulate the motions of the planets round the
fun, as alfo to regulate the motions of the fatellite
round their refpective primaries; and the want of

e _

* The above-mentioned propofitions, together with what*
ever relates to the velocities, &c. of bodies revolying in
curves, round a centre of attraction, as the planets do rout!
the fun, are demonftrated in the theory of curvilinear M9”
tion, which the reader will find in the firft volume of thefé
El:ments, p. 138, and following. Bl
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Al forts of regularity, when the-fun and planets
are fuppofed to turn round the earth as a cen-
tre, are quite fufficient to confirm the Coperni-
Can fyftem, were we even in want of any other
Proofs,

‘I thall endeavour to render the principle of
this grand theory ; namely, the wniver/al attraiiion,
More intc]]igible to beginners, by means of the fol-
OWing familiar explanations and examples.

The Centre of attra&tion of the {olar {yftem, which
has beey, faid to be within the body of the {fun, muft
H_Ot be confidered as a point endued with the attrac-
HVe power; bur it muft be confidered as the point
of equilibrium between all the bodies of the folar
fyem, The point of equilibrium between the fun
o any one planet, is nearer to the centre of the’

U0 than to the centre of the planet, by as much as’
the bulk or attractive power of the planet is lefs
than the bulk or the attrative power of the fun.
'OW, call this the firft centre of equilibrium, then,
. We confider a fecond planet, the centre of equili-

UM between the firft centre and this planet, will

€nearer to the firft centre than to the planet, by as
"Much as the attractive force of the fecond planet is
2 s than the combined attraétive force of the fun
::in?;ﬁ p_lanct. Thus we may take into the ac-

third: planet, then a fourth, &c. Laftly,
i.oznc;r;m;n centre of attraction of Ehem all will be
€. within the body of the fun, becaufe the

G 4 bulk
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bulk of the fun is vaftly biager than that of all the
planets put together.

The atrrattive forces are not only to be obferved
between the planets and the fun, bue they are mu-
tual and proportional between them all; fo that the
planets attraé each other; and, in fa&, when they

' come near, they fenfibly difturb each other’s meotion.

The primary planets attraét their fagellites, and the
latter attract the former. The moon raifes tides in

the ocean, in confequence of its attradion, &ec.
The mutual attraction of bodies is familiarly illu-
ftrated by the example of a boat and fhip upon
water, and tied by a rope, whence a ftrong evi-
dence of the true fyftem is derived. ¢ Let a man
“ either in a fhip or boat pull the repe (it is the
“ fame in effect at which end he pulls, for the rope
¢ will be equally ftretched throughout) the fhip
‘¢ and boat will be drawn towards one another ; but
¢ with this difference, that the boat will move as
« much fafter than the fhip, as the thip is heavier
“ than the boat. If the fhip is 1000 or 10000
¢ times heavier than the boat, the boat will be
¢ drawn 1000 or 10000 times fafter than the thip;
¢¢ and meet proportionably nearer the place from
“ which the fhip fet out. Now, whilft one man
“ pulls the rope, endeavouring to bring the fhip
and boat together, let another man in the boat
endeavour to row it off fideways, or at right-
angles, to the rope; aod the former, inftead of
¢ being able to draw the boat to the fhip, will
3 {1 ﬁnd

£¢

(11

[14
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find it enough for him to keep the boat from
going farther off ; whilft the latter, endeavouring
0 raw off the boat in a ftraight line, will, by
means of the others pulling it towards the fhip,
TOW the boat round the thip at the rope’s length
from her, Here the power employed to draw
the fhip and boat to one another, reprefents the
mutual attraion of the fun and planets, by which
the planets would fall freely towards the fun with
2 quick motion, and would alfo in falling atcract
the fun towards them. And the power em-
Ployed to row off the boat, renrelents the pro-
Je&tile force impreffed on the planets at right-
angles, or nearly fo, to the fun’s attraétion; by
Which means the planets move round the fun,
and are kept from falling to it. On the other
hand, if it be attempted to make a heavy fhip go
Tound a light boat, they will meet fooner than the
thip can get round, or the fhip will drag the boat
after i,

“ Let the aboye principles be applied to the fun
and carth, and they will evince, beyond a pofii-
bility of doubt, that the fun, not the earth, is the
centre of the fyftem; and that the earth moves
Yound the fun as the other planets do.

* For, if the fun-moves about the earth, the
€arth’s attractive power muft draw the fun to-
Wards it from the line of proje&tion, fo as to
bend jts motion into a curve. But the fun being
L lealt 227000 times as heavy as the earth, by

“ being
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“ being fo much weightier as its quantity of matter

is greater, it muft move 2270c0 times as flowly
toward the earth, as the earth does toward the
fun; and confequently the earth would fall to the
fun in a fhort time, if it had not a very ftrong
“ projectile motion to carry it off.. The earth
“ therefore, as well as every other planet in the
{yftem, mufk have a re@ilineal impulfe to prevent
“ its falling into the fun,

€
(14
143

[

(44

¢ There is no fuch thing in nature as a heavy
“ body moving round a light one as its centre of
* motion. A pebble faftened to a mill-ftone by a
« ftring, may by an eafy impulfe be made to circu-
¢ late round the mill-ftone; but no impulfe can
“ make a mill-ftone circulate round a loofe pebble,
* for the mill-ftone would go off, and carry the
¢ pebble along with it.

“ The fun is fo immenfely bigger and heavier
* than the earth, that if he was moved out of his
* place, not only the earth, but all the other planets,
« if they were united into one mafs, would be car-
¢¢ ried along with the fun, as the pebble would be
¢ with the mill-ftone.”” #

I fhall conclude this chapter with a very plain and
familiar illuftration of the planet’s elliptical orbits,
taken from the fame laft quoted author, for the fake
of thofe readers who are not qualified to read the de-

* Fergulon’s Aftronomy, Chap. II1.

monftrations
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monftrations of the theory of curvilinear motion, as
given in the firft volume of thefe Elements.

“« 1f a planet at B, fig. 1. Plate XXVII. gravi-
tates, or is attrafted toward the fun S, fo as to
fall from B to y in the time that the projectile
force would have carried it freom B to X, it will
defcribe the curve BY, by the combined action
of thefe two forces, in the fame time that the
projeétile force fingly would have carried it from
B to X, or the gravitating power [ingly have
caufed it to defcend from B to y; and thefe two
forces being duly proportioned, and perpendicular
to each other, the plamet, obeying them both,
will move in the circle BY TU*,

“ Butif, whilft the projeétile force would carry
the planet from B to 4, the fun’s ateraction (which
conftitutes the planet’s gravitation) fhould bring
“ it down from B to 1, the gravitating power would
then be too ftrong for the projectile force ; and
would caufe the planet to defcribe the curve
“ BC. When the planet comes to C, the gravi-
tating power (which always increales as the
fquare of the diftance from the fun S diminifhes)
will be yet ftronger for the projectile force ; and
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* To make the projeitile force balance the gravitating
Power {o exaclly, as that the body may move in a circle, the
Projedtile velocity of the body muft be fuch as it would have
:“P;llf&d by gravity alone in falling half the radius of the

ircle,
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by confpiring in fome degree therewith, will ac-
celerate the planet’s motion all the way from C
to K, eaufing it to defcribe the ares BC, CD,
DE, EF, &c. all in equal times.

¢ Having its motion thus accelerated, it thcrcb}
gains fo much centrifugal force, or tendency to
fly off at K in the line K % as overcomes the
fun’s attraction; and the centrifugal foree being
too great to allow the planet to be brought nearer
the fun, or even to move round him in the circle
K Imn, &c. it goes off, arnd afcends in the curve
KLMN, &c. its motion decreafing as gradually
from K to B, as it increafed from B to K, be-
caufe the fun’s attraltion now aéls againft the
planet’s projedile motion, jult as much as it
acted with it before. When the planet has got
round to B, its projeétile force is as much dimi-
nifhed from its mean ftate about G or N, as it
was augmented at K ; and fo the {un’s attradtion
being more than fufficient to keep the planet
from going off at B, it defcribes the fame orhit
over again, by virtue of the fame forces or
powers.

¢ A double projedtile force will always balance
a quadruple power of gravity. Let the planet
at B have twice as great an impulfe from thence
towards X, as it had before ; that is, in the fame
length of time that it was projected from B to &,
as in the laft example, Jet it now be projetted
from B to ¢; and it will require four times as
¢ much
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much gravity to retain it in its orbit; that is, it
muft fall as far as from B to 4, in the tine that
the projeétile force would carry it from B to ¢;
otherwife it would not defcribe the curve BD, as
is evident by the figure. Bur, in as much time
as the planet moves from Bto C in the higher
part of its orbit, it moves from I to K, or from
K to L, in the lower part thereof; becaufe, from
the joint altion of thefe two forces, it muft al-
ways deferibe equal areas in equal times through-
out ‘its annual courfe. | Thele areas are repre-
fented by the triangles BSC, C3D), DSE, ESF,
&c. whofe contents are equal to one another,
quite round the figure.

“ Should it appear ftrange, that when one of the
two forces has got the better of the other, it fhould
not continue to carry the planet on in its direc-
tion ; the difficulty will be removed by confider-

c . 5 ~
preceding paragraphs. Suppofe a planet at B to

be carried by the projeétile force as far as from
B to 4, in the time that gravity wouid have
brought it down from B to t; by thefe two
forces it will defcribe the curve BC. When the
Planet comes down to K, it will be but half as

]

far from the fun 8, as it was at B ; and therefore,

FJ}' gravitaring four times as firongly towards him,
It would fall from K to V' in the fame length of
“'me that it would have fullen from B to 1, in the
higher part of its orbit, that is, through four times

TR
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as much fpace ; but its projectile force is then fo
much increafed at K, as would carry it from K
to £ in the fame time; being double of what it
was at B, and is therefore too ftrong for the gra-
vitating power, either to draw the planet to the
fun, or caufe it to go round him in the circle
K/mn, &c. which would require its falling from
K to w, through a greater fpace than gravity can
draw it, whilit the projectile force is fuch as weuld
carry it from K to4; and therefore the planet
afcends in its orbit K . M N, decreafing in its ve-
locity for the caufes already afligned.”
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CHAP V.

OF THE MOTION OF THE EARTH ROUND THE SUN,
AS ALSO OF THE MOTION ROUND HER OWN
AXIS,

T has been thewn in the preceding pages, that,

on various accounts, the earth, analogous to the
Telt of the planets, moves round the fun, and not
the fun round the earth. It is now necefiary to ex-
AMmine the various particulars which belong to that
Motion, and to fhew that the phenomena are th
fame as if the fun moved round the earth after the
APparent manner which has been defcribed in the
fecong chapter of this part.

The real motion of the earth is in an ellipfis,
N€ar one focus of which the fun is ficuazed *.

If
\——

the ::CCOldmrr to De la Lande’s detcm]m:r on, if we reckon

e tzlljnﬁmric axis of this elliptical orbit equal to 200000,

e € mean diffance of the earth & J“s the fun, viz. ::c:m

@Rcentus, in which the fun is fituated, is 102000 3 and the
ricity of its orbit is 1681,3935.

m::;(:;)rsm" to' the beft eftimates in round numbers, i:c.’
lance of the earth from the fun is g5 millions of

miles ;
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If we fuppofe that the plane of the earth’s orbit
be extended as far as the fixed ftars, it will there
mark a circle, which is the ecliptic, and fo im-
menfely great is the diftance of the fixed ftars from
the folar fyftem, that whether the earth be in one
part or another of its orbit, the ftars will conflantly
appear to have the fame order, relative Geuation,
and magnitude.

Since the plane of the earth’s orbit pafies through

miles ; the tranfverfe axis of its elliptical orbit is twice that
diftance, viz. is equal to 190 millions of miles, and the ex-
centricity is 1597325 miles.

Dr. Keilly calculating the true anomaly, on the fuppofi-
tion that the tranfverie axis of the earth’s orbit is to the ex-
centricity a3 100000 to 1691, found it equal to 2¢° 2/
54"

The greateft equation of the ceatre (viz. the difference
between the true apd mean anomaly) according to Dr
Mafkelyne’s determination for the year 1780, is 1° 55
30”0, It is generally‘allowed that this equation and the
excentricity are fubjelt to a regular diminution.

The earth’s aphelion at prefent is when the fun is in 8°
4,0' 12° of o3 and the increafing annual motion of this
aphelion accerding to the beft oblervations, is about 1”
2", And the preceilion of the equinoxes being about 50”25
annually, we fhall have 11”75 for the adtual motion of the

aphelion. The time required by the fun to pafs over 11%75
of longitude, being added to the fidercal year, will give
365%, 6% 1y, 2%, for the anemolifiic year, or the time o€~
cupied by the earth in revolving from aphelion to aphelion-
Mr. O’Gregory’s Aftronomy, §. 316,

the
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the fun, it follows that, whilft we inhabitants of the
€arth, fee the fun in the direftion of a certain point
of the ecliptic, an obferver in the fun would fee the
€arth in the direction of the oppofite part of the
ecliptic; thus, in fig. 11. Plate XXVI. S repre-
fents the fun, ABCD is the orbit in which the
€arth moves from the weft to the eaft, {o as to per-
form the entire revolution in the compafs of one
Year, The external circle is the ecliptic, with the
12 fions marked upon it. Now a fpeftator at §
Will perceive the earth at A, as if it coincided with
the fign o». When the earth is at B, the fame {pec-
Rtor will perceive it to coincide with = ; and fo
08, But an inhabitant of the earth, when the earth
I at A, will fee the fun as if it were at =, and when
ﬁ}(f earth is at B, he will perceive the fun as coin-
Cding with sy &c. It is evident from the figure,
that whether the fun be fuppofed to move round the
atth, or the latter round the former, the apparent
AMMual motion of the fun along the ecliptic muft be
SXaltly the fame.
Befides the above-mentioned annual motion, the
€arth has a motion round its own axis, which pro-
Uces the viciffitudes of day and night, whence it is
Called the diurmal rotation; and which is analogous
¥ the moyements of the other planets ; for, of the
Other Planets, thofe which, from their having fpots
Upon their furfaces, may be feen to move, have been
oUnd to have a fimilar motion round their own

VoL, 1v, H axes,
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axes, as, will be more particularly fpecified here-
after.

T hisdiornal motion of the earth round its own axis,
(viz. round an imaginary line) is performed from
the welt towards the eaft in 24 hours; and every
point of its furface mult defecribe a whole circle in
the fame time, excepting the two points which are
at the extremities of the axis, viz. the poles. The
different parts of the earth’s furface muft likewile
defcribe larger or fmaller circles, according as they
are nearer to, or farther from, thé poles; thofe
parts, which are eguidiftant from the poles, defcrib-
ing the largelt circle, which cirele is the eguaror.

Now, asa fpedtator on the {urface of the earth
muft turn with it in the dire€ion from the weft to-
wards the eaft, it is evident thar all the bodies of the
univerfe which do not adhere to the earth, muft ap-
pear to turn in a contrary direftion, viz. from the
calt towards the weft; and thole celeftizl bodies,
which are direétly over the equator of the earth, muft
appear to defcribe the largeft circles, whilt thofe
which are diredtly over the poles of the earth, mufk
appear to remain immoveable ;. hence we atrribuce
to the ftars, or to the heavenly fphere, the fame axis,
poles, equator, &c, as if that {phere turned, and the
earth {tood flill.

In cenfequence of this rotatory motions of the
carth, and becaufe the pas'ts of ity which, being
nearer to-the equatory deferibe larger cirgles, and of
courle
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courfe have a greater centrifugal force ; the equato-
rial parts of the earth are more removed from its
Centre, fo as to give the earth the figure of an oblate
Ipheroid #. And fich is the cafe with the other
Planets; viz. their equatorial diameter is larger than
their polar diameter, whence they are alfo found to
have an sblate fpheroidical figure, which affords 4
Moft firiking corroboration of the -earth’s diurnal
Totation . :

I need hardly add that any given part of the
Carth’s furface has day light, or night, according as
Wis turned towards the fun, or from it for that
half of the carth, which is towards the fun, is'illu-
Minated, and a line drawn from the centre of the
fun to the centre of tlie earth, is perpendicular to
the circle of the interfetion of light and fhadow ;
hence, when a {pettator on any particuiar part of the
furface of the earth, arrives at that circle in its way
Wwards the fun, and begins to difeover the fum,
'® imagines that the fun is rifing above his hori-
ZQ[’], &.’C.

\\_;

* Bee the firft volume of thefe Elements; p. 315.

r t:t If it be afked, whence does the earth derive its diurnal
~ory motion * The anfwer is, that probably the earth
Whil:;d it from its having reccived that original impulfe
- counteracts the fun’s artration, not in the dire@ion
T-helﬁis ;?ntre, but on one fide of it. See the firft velume of
-tements, chap, VII.

"2 If
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’

If the axis of the earth had been fituated in a po-
fition perpendicular to the plane of tie earth’s orbit,
which is the fame as the plane of the ecliptic, the
circle of the interfection of light and darknefs would
have evidently paffed through the poles of the earth,
and of courfe the days would have been conftantly
equal to the nights. But the cale is, that the axis
of the earth is inclined to the plane of the ecliptic,
and makes an angle with it of about 66° 37
Therefore the plane of the ecliptic does not cain-
cide with that of the equator, but muft make ap
angle with it of 23°, 28’ (viz. an angle equal to
the complement, or to what 66° 32’ wants, of
go’.)

This inclination of the axis, or of the ecliptic,
varies a little as it ought to do, agreeably to the
Newtonian theory *. In the year 1736, Dr. Mal-
kelyne determined the obliguity of the ecliptic, as it
is called, to be 23° 28", 10”; and it appears that
it diminifhes at the rate of 50" in a century, or
half a fecond in a year. But to prevent obfcurity,

* About 2100 years ago, Pytheas found the obliquity of
the ecliptic “to be 23% 49’, 30", about A.D. 880. Alba-
tegnius found it equal to 23% 35% 40 A. D. 1140
Almacon found it equal to 23°% 33, 30°. A.D. 158
‘Tycho Brahe found it equal to 23°% 29, 30 A. D. 16895
Flamfteed found it equal to 23° 28/, 56", and A, D, 1736#
Condamine found it equal to 23°; 28/, 247,

Jet
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fet us neglect this trifling variation, and in the fol-
lowing illuftration, let us confider this inclination
of the axis, as if it were conftantly the fame.

Then the axis of the earth, befides its retzining
the fame inclination towards the plane of the eclip-
tic, does alfo remain always diretted to the fame
Rar; or in other words, if a line be drawn parallel
0 that axis whillt the eaith is in any part of its
f}rb'!t, then, when the earth is in any other part of
s orbic, the axis will always be parallel to thatline;
€Xcepting a regular and fmall variation.

Now the various feafons of ‘the year and various
I'engths of days and nights, are owing to the above-
Mentioned inclination of the axis to the orbit, and
10 thar axis moving round the ecliptic in a direction
Paralle] to a line nearly immutable, The precefiion
of the equinoxes is owing to the laft-mentioned
{may variation. The effects, in thort, are the fame
¥ have been explained in the chapter, where the
Phenomena were defcribed on the fuppofition that
the eargh ftood immoveable, and the celeftial objects
;:Zf‘:d round it ; yet it will be neceffary to i]luﬁrz‘uc

effeéts on the true theory, by means of a dia-

Sfam or two,
i&i‘réz- 2. Plate ?(XV.H.' reprel"-en:s the earth in
S nt parts. of its elliptical orbir; the fun S be-
ebv:?t l(:ne of its f'oc.i. The fpetator is fuppofed to
*iﬁanc:t']:n;he orb.lt of th‘e. ea_rr.h at a confiderable

I ti'-:: g to IOUI{. upon it obliquely.

A t place it is obfervable, that whether
H3 at
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at A, or.at C, or B, or D, the axis of the earth i
always directed the fame way, viz. the direftions of
the axis in all thofe fituations of the earth, are all
parallel to-each other. The {mrall deviazion which
produces the preceflion of the equinoxes, will be
taken natice of in the fequel. |

In the fecond place it fhould feem, thar, on ac-
count of the above-mentioned conftant direction of
the axis, if, when the earth is ag B, its axis is di-
reCred towards a certain ftar E; then, when the
earth is at A, it ought to point towards {fome other
ftar F, the diftance of which from E muft be equal
to the tranfverfe axis A B of the earth’s orbit. The
apparent diftance of thofe ftars is meafured by the
angle EAF, which, on account of the parallelifm of
the lines EB, AF, is equal to the angle BE A,
which is the angle under which the orbit of the
earth would be feen from Ej; hence the angle AEB,
or FAF, is called the parallay of the preat orbic.

It 15 ealy to conceive that the farther the points
¥ and F are from the earth’s orbit, the fmaller muft
the angle EAF, or BEA, be. Now from the moft
accurate obfervations, it appears that this angle 15
lefs than one minute; and 1t 1s not known how
much fmaller it really is; hence we may perceive
that the diftance of the ftars is altonithingly great™s

The

N

* If th= angle AER, or its equal the angle EAF, could

be known with certainty, the diftance of ‘the ftars srould

t

i
po
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The caufe of the inegualities of the days and
nights at different times of the year; as alfo the dif-
ferent feafons, will be eafily conceived by infpetting
the figure ; for they both anfe from the inclination
Of the axis of the earth to the orbir.

Firft, In the {pring, when the earth is in that
Part of its orbity in which a {peftator in the fun
Would fee the earth coingide with the fign =, Libra,
of the ecliptic, the inhabitants of the earth fee the
fun in the diection of @, Aries, At that time the
Circle serminator of light and darknefs, pafles through
the poles , 55 therefore the earth in its diurnal ro-
Btion about its axis #, 5, has every part of its furface
3 long in the light as in the fhade; viz. the days
re equal to the nights; the fun at that time being
iucc\‘-‘ﬁiveiv vertical to the equatorial parts of the
€areh,

Secondly, As the earth proceeds in‘its orbit from
Me welt rowards the eaft, along the figns m, #, and
" the fun is feen to advance along the figns %, 1y
d = and gradually becomes vertical to thofe
Parts of the earth which are on’the north of the
“Quator,  So that when the earth s in 7, the fun
\‘—v—;

Be found by an eafy trigonometrical calculation ; for in the
triangle AEB, one fide AB is known, being the tranfverle
IS of the earth? s orbit, the angle EBA is equal to the in-
Clination of the axis of the earth to the orbit; therefore,

"owing likewife the angle AEB, the other parts would be
%ahly caleulated,

H 4 is
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is in ¢5, and is perpendicular to thofe parts of the
earth, which are under the tropic ; viz. about

1]
‘-d

28, from the equator ; therefore the inhabitants of
the northern hemifphere wil enjoy fummer; an ac-
count of the folar rays falling more perpendlicutarls
&ec. ; and they will have their days longer than the
nights in proportion as they are more diftant from
the equator ; but thofe whofe latitude exceeds 667,
32° north, will have conftant day light; for, by
infpeéting the figure, it will be perceived that the
earth, at that time, in its daily revolution, has
all the part y # %, within the polar circle, in that
half of its furface which is illuminated by the
fun. _

At the fame time the inhabitants of the fouthern
hemifphere have winter; their days being fhorter
than their nights, in proportion as they are farther
from the equator ; and thofe, whofe latitude exceeds
66°, 32, fouth, have conftant night,

The earth then continues its courfe aleng the
figns &, 3, and <, at the fame time that the fun
is feen to move along the figns o, m, and =; at
which time the circle terminator of light and dark-
nefs paffes again along the poles #, s, of the earths
therefore the daysare equal to the nights all over the
earth. , z

After this the earth advances along the figns %,
n, and %, at which time the inhabitagts of the
aorthern hemifphere have winter, their days being -
fharter than their nights, &c.,

The
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The four points of the ecliptic, in which the
Qarth is reprefented in the figure, are called its
fardinal points ; ¥ and = being the folltitial points,
Whilt = and o are the equino&ial points; but
It muft be oblerved, that thofe four fituations of
the earth, at the two equinoxes and two {olftices,
dre not equidiftant ; becaufe the fun is not in the
Centre, bur in one focus of the earth’s elliptic orbit.
This will be made more evident by means of fig.
3« Plate XX VII. where the earth’s orbit is deli-
fitated, as it would appear to a fpectator fituated
above the plane of it. S is the {fun in one of the
foci of the eliipfis ACBD. A, B, C, D, are the
fie Wations of the earth at the two folftices, and at the
Wo equinoxes, (as in fig. 2.) P is the centre of
the ellipfis; therefore the diftance BP is equal to
AP, EP is equal to PF, and the elliptical arcs
AE, ER, BF, FA, are all equal to one another.
Bu the fun is in the focus S, which is on one fide
°f the centre P therefore in fummer, when the
farth is a¢ B, the fun is farther from it than in the
Winter when the carth is at A ; B'S being evidently
Ohger than A S; and, in fa@, the diameter of the
n dppears I.ll’gr.l‘ in wmter than in fummer; its
Sleateft apparent diameter, in winter, fubtending an
angle of 32° 28,6, and its leaft diameter, in fums
Mer, fuhtemlmcr an angle of 31" 338,

Farther, the fun becomes perpendicular to the
*quatorial parts of the'earth; (that is, the equator
“iterledts the ecliptic) wher the earth is at C, and

likewile
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lilewife when it comes to D (for théy muft evi-
dently be in the fame line with the fun); but B E
being equal to E A, and BC being longer than BE;
BC muft be much longer than CA ; and for the
fame reafon, BD is alfo longer than D A ; confe-
quently the earth has a longer arc, CEBFD, to
percur from the vernzl equinox to the autumnal

equinox along the {igns <, i, £; ¥, 2, and ¥, than
the arc DAC along thie figns o, ¥, 1, %, &, and

1

m; the fun, during the fame periods, appearing
to move along the oppofite figns. Hence the earth
employs about eight days longer in going from the
firft point of Libra to the firft of Aries, than in
going from the latter to the former. Or, which
amounts to the fame Hn:z, tln {un appears to bein
the northern hemilphere about eight days longer
than in the fouthern,

Thofe eight days longer, which the earth em-
ploys in going from = to o, are not entirely owing
to the greater length of the arc CBD; but.is
partly owing to the earth’s moving along that arc
at a {lower rate than along the arc DAC ; the rea-
fon of which is, that the centre of attra®ion S is
farther from the former arc than from the latcer, alfo
that the areas Sy B, A S, and not the ares B ¥y ANy
are proportionate to the fimes of the earth’s moving
along thofe arcs By, A, (fee page 85, of this
volume).

Thus let the earth beat B, from which place, in
ascertain time, it goes to y; and the line which
joias
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Joing the earth and the fun, deferibes the area SBy.
When the earth is at A, let it move along an arc
A%, until the area S Az, which is defcribed by the
above.mentioned line, may be equal to the arca
BSy; then the carth will be found to have moved
alﬂng the arc A ¥ in the fame campafs of time that
it moved along the arc By. But thofe arcs A x,
By, are unequal, Ax being longer than B 3 ; for
they are pearly in the inverfe proportion of their
d_i&ilncgs from the fun S. Hence the apparent mo-
Hon of the fin along the ecliptic, or the real motion
of the earth in her orbit, as feen from the fon, is not
quable, it being flower in the fummer than in the
Winter *,

The preceffion of the equinoxes, which has been
deferibed above, as an irregularity, according to the
WPparent motion of the celeftial bodies, is ealily ex-
Phined on the true theory of the folar fyftem.

The earth has been already defcribed to be an
Oblage fpheroid, viz. to have a greater quantity of
Matter accumulated about its equatorial parts, in
fonfequence of which thofe equatorial parts, being
Httalted with grearer force both by the fun and the
Moon, are drawn fooner under them than if they

*Te not fo prominent, by about 20, 18" of
E\'%_.;

* . 1w i !
The difference of thofe motions is {uch, as that the fun
Oet]
!n-_l.m.;g -]?J:T'EJTS to '}I_.

th e even 29 fhorter, or more advanced,
an gt Oug!lt

to be if it moved equably.
time,
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time, or 505,25 of a degree in a twelvemonth*.
The efféct of this is, that the axis of the earth does
not remain exaltly parallel to itfelf, though it re-
tains the fame inclination to the plane of the eclip-
tic; fo that if at prefent it points towards a certain
ftar, in about 72 years time it will be found directed
to another point of the heavens, which is to the
welt of thar ftar,” and at that rate it will proceed to
move conflantly weflward, and of courfe it will
defcribe a circle round the pole of the ecliptic, the
racius of which is equal to the inclination of the
axis of the ecarth to the axis of the ecliptic, viz. to
about 23°, 28" That circle will be accomplithed
in'about 26 thoufand years, at the end of which
time the axis of the earth will again be parallel
to the fitation, #s, of fig. 2. Plate XXVIL
In the half of that time, viz. in about 13 thoufand
years, the half only of that circle will be accom-
plithed, fo that at the end of 13 thoufand years,
the axis of the earth will ffand in the fituation of the |
dotted line ¢ ».

As the peles, or the axis of the earth, performs the
above-mentioned movement, it is evident that the
folftitial and equinoctial points muft likewife move
ar the fame rate.

This motion is faid to be wefward, or in antece-
dentia, Viz. contrary to the order of the figns

P

* D¢ la Londé’s Aftronomy, B, XXII.
whereas
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Whereas the other motion, whereby the eatth and
the plancts are carried round the fun, is eaffward,
OF in confequentia, meaning in the direGtion of the
figns, viz. from Aries to Taurus, then to Gemini,
Ca.ncer, &c.
In confequence of this motion of the axis of the
€arth, or of the preceflion of the equinoxes, the
tonftellations which formetly coincided with the
Cardinal points of the CC]]P‘IL. are now removed
from them. ‘Thus the conftellation of Aries, which
at the time of Hipparchus was near the vernal
®quinox, viz. near the interfection of the equator
With the ecliptic, is now removed from it, of ra-
ther that interfe@ion is removed from the conftel-
lation of Aries, by about 30°, or nearly a whole
ﬁ‘n’ll, and in the fame manner are all the other
Conftellations removed about one fign from their
former firuations 3 yet the twelve portions of the
e‘:hpm, which are called Dodecatimoria, ftill retain
the fame names and charaéters which they had at
the tinye of Hipparchus. Thus the interfections of
ﬂ}e équator and the ecliptic are called the be-
8ning of o, and the beginning of = : but the
“onftellations of Aries and Libra are now removed
m thofe interfeftions. For the fake of diftinc-
o0 the twelve portions of the ecliptic are called
“heftrous figns, viz. figns without ftars; and the
“Onftellations themfelves are called farry figns.
What
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What has been explained in this chapter re-
{pecting the motion of the earth in her otbit round
the fun, is applicable, with' very little variations
to the motions of the other planets in their refpec-
tive orbits, as will be fhewn hereafter.
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CHAP VL

OF THE PHASES AND MOTIONS OF THE MOON.

FTER the fun, the moon is by far the moft

: {plendid of the celeftial objects ; and as fuch
 has at all times been diftinguithed, both by the
‘Ude and by the moft civilized nations of the earth.
* tevolves round the earth, and of courfe it goes
With it round the fun.  Its orbit is nearly an cllipfe;
9Me of whofe foci is within the body of the earth.
Ut thar orbit is fubject to confiderable variations
With refpect to figure, excentricity, &c. which are
iﬁcumpurabi_’f greater than the variations of the or=
lts' of the earth, or of the other primary planets.
his arifes from the action of the fun upon the
’“}oon, which fometimes confpires with, and at other

IMee @ A~
*S 15 contrary to, the earth’s action upon the
fnme 3 :

¢ Yet thofe apparent irregularities are all con-
Orm &
a

ble to, and depending upon, the grand law
Univerfal atrrallion or gravitation. Previous ta

€ Shumeration and illuftrations of the lunar move-
dé_fc‘:?b:iich arii%:_ tﬂhcref,-'fjm, it will be proper to
the body itfelf of the moon as far as itis
known;
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known, and its phafes, or various appearances under
which it is {een from the earth.

The moon is an opaque body, like apy of the
planets; therefore that half of it, which is turned
towards the fun, is illuminated by it, whilft its othet
half receives no light from the fun ; and of its illu-
minated half, we fee fuch a portion as its firuation
in her orbit can admit of.

Were the furface of the moon fimooth and po=
lithed like the furface of a looking glafs, the image
of the fun, which, in certain fitvations, would be re-
fleted to us, would only appear like a very brig'ﬂt
point. - But the furface of the moon is far from be=
ing {mooth, and its inequalities reflet the fun’ light
inall direttions ; hence we fee all thofe parts of that
furface which are illuminated by the fun, and which

- are at the fame time within the dire®ion of ouf
_fight.

Even fo the naked eye fome of thofe irregularis
ties of the maon’s furface appear like lefs bright of
darkifth fpots, which appearance has fugeefted the
vulgar idea of the moon’s having a face with eyess
&c. But when viewed through a teleftope, the
furface of the moon appears covered with vatt irre-
gularities, with ridges;, mountains, and pits of infi-
nite variety ; but we can fpeak only of the half ©
its furface, viz. of that which is turned towards thé
earth; for it is remarkable that the moon alway®
turns nearly the fame fide towards the earth, and of
courfe its other half is quite invifible to us.

I faid
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I faid it turns #early the fame fide ; for fometimes
fhe turns a little more of one fide, and at other
imes a littde more of the other fide, towards us.
This is called the moon’s /ibratien, and is owing to
1er equable rotation about her own axis once in a
Wonth, in con) mnétion with her unequal motion in
her © orbit round the earth. * For if the moon
“ moved in a circle, whole centre coincided with
“ the centre of the earth, and turned round her axis
“ in the precife fime of her period round the earth,
the plane of the fame lunar meridian would al-
Ways pafs through the earth, and the fame face of
the moon would be conftantly and exaly turned
towards us. But fGnce the real motion of the
Maon js in an orbit nearly elliptical, having the
earth in one of 1ts foci, and the motion of the
Mgon about her axis is equable ; that motion,
3 feen from the earth, mult be unequal; for
C¥ery meridian of the moon by its rotation, de-
leribing angles proportional to the times, the
Plane of no one meridian will conftantly pafs
lhl'ﬁllfrh the earih.

- of Aftrono ny, divides the libration of the moon

Into the ﬂﬂlﬂv.mo three kinds ¥,
1ft,

Dr. Gregory, in his Elements

“ Her lihration -in longitude, or a feeming

g

Mon to and fro, according to the order of the
ﬁ()’

&8 of

the zodiac. This libration is nothing,
Wice 4,

every periodical month; viz. when the

W= T

Mr. O, Gregory’s Aftronomy, §. 463, &c.
v ]
OL. 1v, i moon
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moon is in her apogee, and when in her perigee;
for in both thefe cafes, the plane of her meridian,
which is turned towards us, is direfted alike to-
wards the earth.”

adly, « Her libration in latitude, which arifes
from hence, that her axis not being perpendiculaf
to the plane of her orbit, but inclined to it, fome-
times one of her poles, and fometimes the other will
nod, as it were, or dip a little towards the earth ;
and confequently fhe will fometimes thew more of
her fpots, and fometimes lefs of them, towards each
pole. This libration, depending on the pofition of
the moon, in refped to the nodes of her orbit, and
her axis being nearly perpendicular to the plane of
the ecliptic, is properly faid to be in latitude. It 18
completed in the time in which the moon returns
again to the fame pofition in refpett of hef
nodes.”

gdly, ¢ There is alfo a third kind of libration
by which it happens, that although another part of
the moon be not really turned to the earth, asin the
former libration, yet another is illuminated by thé
fun. For, fince the moon’s axis is nearly perpef”
dicular to the plane of the ecliptic, when fhe is moft
foutherly, in refpet to the north pole of the eclip”
tic, fome parts near to it will be illuminated by che
fun, while, on the contrary, the fouth pole will be if
darknefs. In this cafe, therefore, if the fun be i
the fame line with the moon®s fouthern limit, thet
as fhe proceeds from conjunétion with the fun £
“,-ards
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Wards her afcending node, fhe will appear to dip
her northern polar parts a little into the dark
hemifphere, and to raife her fouthern polar patts
a8 much into the light one. And the contrary to
this will happen two weeks after, while the moon is
dai'r:cu:ilng from her northern limit; for then her
Northern polar parts will appear to emerge out of
darknefs, and the fouthern polar parts to dip into ir.
And this feeming libration, or rather thefe effects
Of the former libration in latitude, depending on the
light of the fun, will be completed in the moon’s
fynodical revolution.”

Since the moon moves round the earth in an orbit
Atarly elliptical, the earth being in one of the foci,
therefore this opaque globular bady mufl appear

L‘"%er or fmaller in proportion as it comes nearer

o, or goes farther from, the earth; and, in faék, 1ts
Pparent diameter has been found fometimes to
Meafure as much as 34, and at other times not
More than 2¢g’, 507. When the moon is at its
Tn"-'a'\" diftance from the earth, its apparent diametet
}3_31'3 8", nearly. Its mean diftance from the earth
% 240000 miles, or probably fomewhat fhortet
tan 240000 miles ; hence its diameter is reckoned
“qQual to about 2180 miles ; which is to that of the
rth as 1 o 3,65. Therefore the furface of the
MO0N is to that of the earth as 1 to 13,3228 (viz.
3 the fquares of their diameters); and the bulk of
the Moen is to that of the earth as 1 to 48,627 (viz.
A5 the cubes of their diatneters). But on the fuppo-

12 {ition




116 Of the Phafes and Motions

fition that the moon is more denfe than the earth in
the proportion of 5 to 4, the quantity of matter in
the moon muft be to the quantity of matter in the
earth, as 1 to 38,9.

The {pots which are feen on the furface of the
moon, are not mere variations of color, or of light
and fhade, but they arife from real inequalities of
furface, fuch as mountains, vales, pits, ridges, hol-
lows, &c. which is evidently proved by their fha-
dows, which they caflt in due direction, according to
the ficuation of the fun, and by the elevated parts
becoming illuminated by the fun before the lower
parts.

In every fituation of the moon the elevated parts
of its furface caft a thadow on the adjoining lower
parts in the direction from the fun. But the cavities
are dark on the fide of the fun.

When the line, which feparates the light from the
fhade on the difc of the moon, is turned towards us,
we fee it through a telefcope, not as a regular line
but notched and full of irregularities, efpecially fome
fmall bright dots or ridges a liccle diftant from the
illuminated part of the difc, which are the tops of
mountains and other elevated parts, that are illumi-
nated by the fun, before their lower parts * can re-

ceive its rays.
That

* % By means of micrometrical meafurements, and prope®

calculations, the heights of the lunar mountains have been
meafured
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That edge of the moon’s difc, w hich, by its being
turned towards the fun, is on the illuminated fide of
it, appears always fmooth and well defined, even
through very good telefcopes ; whereas, confidering
the roughnefs of the moon’s furface, we might per-
haps expect to fee it jagged or uneven. But it mult
be confidered, that all the parts adjoining to that
tdge of the moon, are full of irregulariries, and that
the elevations of fome parts may ftand before the
hollows of other parts, fo as to form upon the whole
the appearance of a {mooth furface. It 1S pro-
Bable, however, that the atmofphere of the moon
May contribute to the prodution of an apparent
fmooth edge.

Some of the fpots, however, of the moon feem
M0t to be merely the thadows of elevated places;
for they have been found to vary a little in in-
ttnﬁty.

‘-\\‘_;

me_afured and exprefled in miles (the method will be de-
Cribed hereafrer).  But thofe meafurements by different
ai-h““mrm:rs., who have ufed different methods, and more or
s accurate inftruments, do not agree with each other,
Tom the lateft and moft accurate obfervations, it appears
"2t the moon has mountains of abont 25000 Englifh feet,
:;(isup‘-‘gards, in height 3 viz. much higher than our moun-
ee Herfchel’s Paper on the Mountains of the Moon.
‘hﬂ(’{ophlml Tranfa&ions, volume for 17803 and Schroe-

\Lr
$ Work on the Heights of Lunar I\qu.ztn NS,

Y A bright
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A bright fpeck or two, or even three, have fome-
times been obferved on the dark part of the moon’s
difc, and fo far fiom the illuminated part as not to
depend upon the fun’s rays. Thofk lucid fpots have
been conje@ured to be the émptiuns of wvolcanoes,
which after a certain time become extinét and dif-
appear. Dr, Herlchel in 1787 faw three of thofe
volcanoes at once in the dark part of the moon;
two of which werg barely vifible or almoft extinét ;
the third was more vivid and exhibited an elongation
like an eruption or lava of luminous matter, refems
bling a {mall piece of burning charcoal, covered by
a very thin coat of white athes *,

If there be fire or combuftion in the moon, it
feems neceflary that the moon fhould have zn at-
mofphere ; yer, until very lately, it has been gene-
rally believed that the moon had no atmofphere.

{owever, the nicer obfervations of latter times
made with the moft improved inftruments, feem t0
prove that the moon has rezlly an atmofphere, which
1s manifefted by the following faéls.

It has been remarked by certain aftronomers, that
the meon does not always appear equally brights
which may probably be ewing to its atrmofphere be-
ing more or lefs loaded with vapours. It is perhaps
for the fame reafon that, in toral lupar eclipfes, the
colour of the moon is not always the fime, and that

* Bee the Philofophical Tranfa&ions for 1788.

in



of the Moon. 119

in total {olar eclipfes, a luminous circle round the
moon has fometimes been oblerved.  Caffini aflerts
to have obferved, that Saturn, Jupiter, and the fixed
f’tars, had their circular figures changed into ellip-
Ueal, when they approached cither the dark or the
Uluminated edge of the moon ; which may naturally
be attributed to the refraétion of a lunar atmofphere.
Schroeter obferves, that the two c#/ps or apexes of
Fhﬁ‘ luminous horas, in 2 new moon, appear tapering
N 3 very fharp and faint prolongation, which 1s a
fong indication of a lunar atmofphere. He alfo :
bferved, that when once Jupiter came very near the
Moon, two of its fatellites appeared indiftinét for a

Ot time before they went quite behind the body of
the moon *,

.If we allow to the moon an atmofphere which,
With refpect to denfity, &c. bears the fame propor-
ton tg jts fize, as our atmofphere does to the fize of
Ehc_ earth, we muft conclude that the obfcure parts
f it, when viewed from the carth, cannot fubtend
3N angle 45 great as one fecond in addition to the ap-
Parent fize of the moon; and fuch an atmofphere
“emis to be perfectly compatible with the above-
Mentioneq fats,

E_XC epting the above-mentiongd {mall yariation in
$e Intenfity of fome of the fpots of the moon, and
e volcanic appearances, the reft of the moon’s

urf; - - -
‘ace is not fubjelt to any perceivable changes;
f“-“x‘_

» . . f
Seg his Paper in the Philofophical Tranf. for 1792-
I 4 hepce
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hence aftronomers have had ample opportunity of
delineating and of defcribing the irregularities of its
furface. In fa&, feveral aftronomers have publithed
the jelenographbia, or maps of ihe face of the moon;
and fome have given maps of its appearance in all
the different flates of the moon, from the day that
the new moon becomes vifible until it vanithes. In
order to diftinguith the mountains, or other re-
markable fpots of the moon from each other, fome
aftronomers, as Hevelius, have given them the
names of known places on the {urface of the earth;
whilft others have given them the names of dittin-
cuifhed perfons, fuch as the names of Plato, Archi-
medes, &c. The beft {elenographers are Florentius,
Langrenus, Hevelius, Grimaldus, Caffini, Ricciolus,
and De la Hire. A very good drawing of the
moon’s vifible furface was lately made with great
care and attention by a diltinguithed artift; John
Ruffell, Efg. R. A, an engraving of which will
probably be fpeedily publifhed. :

That the phafes of the moon depend on its fitua-
tion relatively to the earth and the fun, has been
already briefly mentioned in the preceding pages ;
but it will be neceffary in this place to explain and
to illuftrate them by means of a diagram.

In fig. 4, Plate XXVII, RZ reprefents part-of
the earth’s oibit, T is the earth, The éircle
ABCDEFH reprefents the moon’s orbit, with the
moon in different parts of it, S is the fun, Here
in the firflt place it muft be obferved, that in
every
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every fituation, that half of the moon, as well as of
the earth which is facing the fun, is illuminated by
it, whilft the other half is in darknefs. MN repre-
fents the circle which {feparates the illuminated from
the dark part of the moon. PO (which, confider-
iﬂg the fize of the moon with refpe& to its orbir,
May be taken for a right line) reprefents the circle
Which divides that half of the moon, which is vi-
fible to ue, from that which is not vifible to vs;
ad which therefore may be called the cirele of
Yiffoy,

Now it is evident, that when the moon is at A,
Viz, ip oppofition to the fun, its illuminated half is
Wrned entirely towards the earth, or the circle of
Viion coincides with the terminator of light and
dar knefs, 1n that fituation we fay the moon is full,
Ad in that cafe it fhines all night long 5 for the fun
d the moon being in oppofition, the one muft
Ppear o rife when the Jatter appears to fer; hence
the Moeon 1s on the meridian at midnight.

When the moon comes to B, then its illumi-
Dated half is not turned e atirely towards the earth ;
Uerefore we fee the moon as is reprefented at
v viz. the illaminated part will not be quite cir-
cula

ar, but will appear gibbous.
When
N

. * Should the novice afk what produces the difference be-
W
“en the reprefentation of the moon at B, and at 4; he is

i
Aformed that at B the moon is reprefented as it would 2p=

pear
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When the moon is at C,'fo that the elongation,
viz. the angle made at the earth by two lines CT
and ST, drawn from the moon and from the fun to
the earth, may be a right angle, then the half of its
illuminated part is vifible from the earth, viz. the
meon appears as at ¢ *,  In this cafe the moon
appears to be 2ifefled, and is faid to be at its laff
guarter, or in her guadrate afpe, ov gquadrature,
becaufe it then appears to be a quatter of a circle
removed from the {un, STC being a right angle.

pear to a ﬁmﬂatc-;r fituated in the heavens above the plans
of the moon’s orbit, whereas 5 is as it appears to a fpefia-
tor on the earth at T. The fame thing muft be underftood
of A and @, C and ¢, &c. and he may eafily render this and
other phafes familiar to himfelf, by placing a candle at fome
diftance from himfelf; and holding a ball of any kind.in the
fingers of one hand, which he may place round his head in
various afpects, In this cafe the candle reprefents the fun,
the ball reprefents the ihoon, and the experimenter reprefents
the earth,

* The angle of clongation STL, in every fituation of the
moon, is always nzarly equal to the angle MLO, the arc of
which MO is that part of the moon’s illuminated dife,
which is vifible to us. Thus, when the moon is at F, pro-
duce SL towards X ; then the angles TLP and MLS are
equal, being both right angles; the vertical angles OLS,
and PLX are allo equal ; therefore MLO is equal to TLX-
But TLX is the external angle of the triangle STL, there=
fore equal to the angles LST, LTS ; and becaufe the fun
is at an immenfe diftance, and theangle LST is exceeding-
by fmall, therefore ST L is nearly equal to TLX, or ©

MLO.
9 When
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When the moon is at D, then, as a fmall part of
its illuminated part is turned towards the earch, we
fee it horned as at 4. All this time the moon has
been waning or decreafing in the extent of its illu-
Minated part, and it continues to do fo uniil it
Teaches the point E, which is called its conjuniZion
With the fun, they both appearing to be in the fame
Point of the ecliptic. In that fituation the dark
Part of the moon is entirely turned towards the
Carth, of courfe the moon difappears, and in that
flate we call it the mew moon, becaufe prefently
Sfter that it begins to make its appearance ancw,
_8nd continues to increafe until its fu//, viz, when
It comes again at its oppofition A. When the
‘_Tl()on is at F, a fmall part of its illuminated face
8 turned towards the earth, and we fee'it asatfy
Viz. a5 we faw it when it food at D ; with this dif-
fei’ﬁnce, however, that when at D, the convex fide
of the luminous part was turned towards the eaft,
bue when at F, that convex {ide is turned towards
the weft ; for in both cafes it is turned towards the
fun, andin the firlt cafe the moon rifes not long be-
fore the fun; whereas in the latter cale it fets not
lOHg after the fun.

When the moon is at G, viz, again in a quadrate
afpt&, GTS being 2 right ‘angle, it looks «as it
did when i ftood at C, excepting that now the con-
VeX part is turned towards the weft, whereas be-
‘07_(? it was turned towards the eaft; obferve g,  In
this ﬁruation, viz. when the moon is at G, we com-

monly
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monly fay that it is'at its fr? quarter. ‘The moon
then continues to increafe, fo that at H it lcoks
gibbous, as reprefented at »; then full, &c.

It muft be remarked, that when we firft begin to
fee the new moon, befides the bright part as at £, we
fee the reft of the moon’s difc faintly illuminated; the
reafon of which is, that in that fituation the greateft
portion of the earth’s illuminated half is turned to-
wards the moon ; fo that the earth performs the
fame office to the moon as the moon does to us;
and much more fo ; for the earth appears about 1§
times bigger to a fpeftator in the moon, than the
moon appears to us; therefore the earth reflects a
great deal more of the fun’s light 'upon the moon,
than the moon reflets upon the earth. By infpect-
ing fig. 4, it will be clearly perceived, that the
earth prefents the fame phafes to the moon, as the
latter does to us; it being full to the moon when the
moon is new to us; new to the moon when the
moon is full to us, &e.

The poﬁtioh of the moon’s cufps, or a right line
touching the potnts of her horns, is always perpen-
dicular to the ecliptic, but is differently inclined to
the horizon at different times of the f{ame' day-
Sometimes that line 1s perpendicular to the horizons
and then the moon 1s faid to be in her ;zanggﬁ?ﬂﬂ*f
degree®.

The

*# [t is then in the higheft point of the ecliptic abeve the

horizon, which is go® from bot fidis of the horizon, wheré
it
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The moon, the earth, and the other planets, being
Opaque bodies, muft neceffarily caft a fhadow on the
fide oppofite to the fun; and as everf one of the
Planets is fmaller than the fun, that fhadow muft
tvidently be comical. Now the earth’s conical
thadow is longer than the diftance T A of the
Moon ; and the thadow of the moon, though fhorter
than that of the earth, is likewife longer than ‘the
faid diftance ; therefore, when the moon is at E, viz.
Between the fun and the earth, its fhadow muft fall
Ypon part of the earth’s furface (it cannot cover a
Whole hemifphere, becaufe the moon 1s much
Fmﬁller than the earth); during which time the
Mhabitants of that part of the carth lofe ﬁgi‘;t of the
fon, 4pd this is called an eclipfe of the funs A fpec-
tator in the moon would at the fame time fee a
fund {pot pafs over the illuminated difc of the
Carth,

When the moon is at A, then the earth is be-
Ween it and the fun, in confequence of which the
Thadoy of the earth covers the whole difc of the
Moon, and this is called an eclipfe of the maon. At

——

s then cut by the ecliptic. This never happens when the

‘T\.oon is on the meridian, except when fhe is at the very be-

g’f‘“i“g of Cancer, or Capricorn. The meaning of this note

Wil be illuftrated by the defcription of the movements of the

EESI::IWMCI’J will be found in the fubfequent part of the pre-
hapter,

the
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the fame time, a fpeator in the moon would lofe
fight of the fun*. By infpe@ing fig. 4, it will
be clearly perceived that an eclipfe of the fun can
only happen at the time of the new moon, and 2n
eclipfe of the moon can only happen at the rime
of full moon. Here it may be naturally afked
why does not an eclipfe of the fun take place
at every new moon, viz. at every conjunction
of the fun and moon; as alfo why does not an
eclipfe of the moon take place at every full moon,
viz. at every oppofition? The anfwer to this
queftion is, that the moon, either at the con-
junétion or oppofition, feldom paffes acrofs che
line which joins the centres of the fun and of the
earth, but generally goes either below or above that
line ; often however the moon pafies, not with its
centre, but with fome other part of its body, acrofs
that line, and then the ecliples are not ora/ but par-
tial, viz. a part only of the fun’s difc, or of the
moon’s difc, is echpled ; but the particulars which
relate to the titme, duration, and quastity of eclipfes
will be examined after the explanation of the moon’
movements.

_-—/

* The fhadow of the moon upon the earth, in a folaf

‘ecliple, is always circular, and the edge of the (hadow of th°

earth onthe moon is always a circular arch, which 4s anothe?
ftrong proof of both. the moon’s and the earth’s beis:; globu‘
lar, or nearly fo.

The
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The moon moves along its whole orbit round the
eirth from the weft towards the eaft, at a mean, in
27 days, 7 hours, 43, §'s which compals of time is
Called a periodical month, or revolurion; but the
Moon, in going from one conjunction to the next,
tmploys a longer time, viz. 29 days, 12 hours,
44’ 3", which time is called a fynodical month, or a
lunation, For whilfl the moon in its proper orbit
finithes its courfe, the earth, together with the
Moon and its orbit, are going on their way rouad
the fun, and are advanced almoft a whole fign of the
ecliptic towards the eaft; fo that the point of the
Moon's orbit, which in the former pofition was
Placed in a right line joining the centres of the earth
and the fun, is now more wefterly than the fun;
therefore, when the moon has again arrived to that
Point, it will not yet be feen in conjunétion with
the fun.

Thus, let AB, fig. 5, Plate XXVII. reprefent
Part of the earth's orbit, with the earth at T, and
the moon at L, viz. in conjunétion with the {fun §.
Then, a5 the moon performs her courfe about the
farth in her orbict LACD, and by the time it has
ATived to the fame point of her orbit, the earth will
j"-"‘ﬁ moved from T to #, and the above-mentioned
“Me point of her orbit will be at /, (7 / being pa-

ralle -7 . . L e
‘allel to T1.), which is not in the line £S5 ; fo that

{

the . : =l - =
l]L Tioon arrives at /, and defcribes its whole orbit
e fte te o = ) : 7
OT€ 15 conjunétion with the fun; for the accom-
111]| Sty . . % .
Pithment of which conjunction, the moon muft go

Qver
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over the arch /M, and fomething more ; for whilft
the moon i1s moving along that arc, the earth conti
fnues to move on in her orbit. Upon the whole the
moon performs a fynodical revelution, or whole lu-
nation, (viz. from new mioon to new moon) in 29
days, 12 hours, and 44" 3", being 2 days, 5 hours,
and 58 feconds, longer than her mean pericdical
month *,

The are Tz, which the earth performs whillt the
moon goes from one conjunétion with the fun to the

next copjunction, is fimildr to the arc /M ; for TS
being paralicl to £/, the angles £ ST, and S#1, are
equal ; then finge thole angles are at the centres of
the arcs ¢ T and /M, it follows that thole ares muft

€ars to recede

be fimilar. Every day the moon ap;
from the {fun by about 12 degrees and fome minutes:
this is called the diurnal motion of the moon from the
Jun.

The orbit of the moon is not in the fame plane
with the orbit of the ecarth, viz. in the plane of .
the ecliptic, but is inclined to it at an angle of

# The above-meutioned mean periodical month is the re-
volution from a fixed point, with relpedt to the equinoxess
and to the fame pointagain ; but on account of the preceffion
of the equinoxes, ‘the mean periodical month with refpect to
the fixed ftars, viz. the time employed by the moon in going
from a given fixed ftar, all round the earth, and again to the

fame far, 1s a litdle longer 3 viz. it is 27 days, 7 hours

435 and 127
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“bout 5°; and thofe two planes cut each other in 2
Fight line, which paffes through the centre of the
Carth ; thercfore the centre of the moon cannot be
feen to coincide with the ecliptic, excepting in the
'™Wo points at the extremities of the faid right line,
Where the two circles interfect cach other. Thofe
'Wo ' points. of interfection are called the wnodes,
(as has been faid of the planets) one of which is
Called the afeending mode, or the dragon's bead, and is
Warked g ; beyond this node the moon moves along
that half of its orbit which is on the north fide of
te ecliptic. The other point of interfection is called
the defcending node, ov the dragen'’s tail, and is mark-
o g, Bevend this node, and until it reaches the
afccﬁding node, the moon moves along the fouthern
e of the echiptic. The right line, which pafles
“Wough the centre of the earth, and joins the two

Rodes, is called the line of nodes. ~ Now- it 1s to be

i‘:markcd that thofe nodes are not conftantly in‘the
“Me place ; or, which is the fame thing, the moon’s
Orbit does not conftantly interfedt the ecliptic in the
*Me poings ; fo that the line of nodes continually
MOves from the eaft rowards the well, contrary to
F ¢ direction of the figns of the ecliptic; therefore,
1t the moon be obferved to crofs the ecliptic at any
Particyla, place, at the next lunation it will be
und 15 crofs the ecliptic at another place, which
5 2 litgle weftward of the former. By this conti-
Dua] fhlfting from the eaft towards the welft, the line
Ot nodes performs the whole revolution in the com-

YoL, 1v.
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pafs of about 18 years, 2284, 5*, ; after which time
the nodes return to the fame. points of the ecliptic.

Itis evident that the centre of the moon is farther
from the ecliptic, according as it is farther from the
nodes. The points of her orbit, which are fartheit
from the ecliptic, and which are called the Amits,
‘muft evidently be equidiftant from the nodes. The
above-mentioned diftance of the moon from the
ecliptic, when fhe is in different parts of her orbit,
and which does not exceed 5° 18 67, is called the
moon’s latitude ; for cthe latitnde of a celeftial ob-
ject 1s its angular diftance from the ecliptic, and i
meafured by an arc of a circle drawn through the
moon, and perpendicular to the ecliptic.

This defcription of the moen’s motion in her
orbit, the inclination of that orbit to the ecliptic
and the retrogradation of the nodes, naturally fhew
why are the eclipfes both of the fun and of the moon;
fometimes partial, and at other times total, why
they do not take place at every new and full moon
and laftly, why the eclipfes return very nearly in the
fame order after about every 19 years.

Thus, for the fake of perfpicuity, we havé de-
feribed what relates to the inclination of the moon’
orbit to the ecliptic in a general manner; but
there are feveral irregularities to be noticed wich re=
fpe& to the inclination and the (hape of that orbil
as alfo to the motion of the moon 1n it.

Upon the whole, the thape of that orbit is ellip®

ical, or nearly fo, as in fig. 6, Plate XX VII. with
the
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the earth at T in one of its foci. AP is the greater
axis, and is likewife the line of the apfides, or the
line of the moon’s neareft and greateft diftance from
the earch, A is the bigheft apfis, and is called the
ogeon, or apogee, where the moon is fartheft from
the earth, P is the loweft apfis, and is called the
Perigeon, or perigee, where the moon is neareft to the
farth, T C is the excentriciy.

We fhall exprefs the principal irregularities in the
f°110“'ing feven paragraphs.

1. The line of the apfides has been obferved to
ave an angular motion round the earth from the
Welt towards the eaft, or in the direction of the figns
Of the ccliptic, but not always conftantly {03 wizs
the apogee of the moon’s orbit, when fhe is in the
Yaygies, goes forward, with refpedt to the fixed
’\Pt‘ars, at the rate of 23 each day, and backwards
N the quadratures by 16' 20" per day; thetefore
the mean annual motion is 40°; hence it performs
Fhe whole circle, and returns to the fame fituation,
M the fpace of almoft nine years™®.

adly. When the earth (and of courfe the moon
o) is in the aphelion, the moon’s motion is fome-
V?hat quicker than when the earth, &c. is in perihe~
905 hence the periodical months of the moon are
Mewhat fhorter in the former cafe than in the latter.

3dly. When the moonis in the fyzygies, then,
\-\‘-ﬁ__‘;

8 D? la Lande ftates the tropical revolution of the apo-
Eit ft 87, 3118 8b, 34’ 57, the fidereal revolution at 7.
3128, gy, 39" and the diurnal motion at 6. 41750098,

K 2 celeris
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celteris paribus, the moves round the earth quicker
than when fhe is in the quadratures. For its gravity
towards the earth is, by the adion of the fun, in-
creafed in the latter cafe, and diminithed in the
former ; {o that from the conjunction to her firlk
quadr rature, the gravity of the moon towards the
earth 15 continua ally increafed, and fhe flackens a
little its motion ; from that quadrature to the oppo-
fition, her gravity towards the earth is gradual lly di-
minithed, and fhe keeps increaling her motion ;
from the oppofition to the other quadrature, her
gravity .increafes again, and her motion is again
gradually diminifhed ; and laftly, from that quadra-
ture to the conjunction, that gravity is gradually
diminifhed, and that motion is again gradually in-
creafed®. The moon is more diffant from the
earth at the quadratures than at the oppolition to,
or at [ﬂe COnJUﬂ":fI”I'l “lLH, [?.E‘ ILIH
4thly. Befides the above-mentioned caufe, the

unequable motion of the moon in her orbit arifes
allo from the elliptical fisure of that orbit, which
has the earth in one of its foci; for as the moon
nult deferibe equal areas in equal times. roupd the
earch (in the fame manner 2s the planets have been
faid to deferibe round the fun), it evidently followss
that cateris paribus, the moon muft move quicker
in her perigeon than in her 2 apogeon.

B

® The famous Tycho Brahe, who fir t difcovered this i~
equality in the moon’s motion, called i the maon’s wariatione

5thlys
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sthly. The orbit itflf of the moon undergoes
Various changes during every revolution; fo that its
Excentricity is continually increafing and decreafling.
It is preateft when the line of the apfides coincides
With the fyzygia, and leaft when the lin¢ of the ap-~
fides coincides with the quadratures. - The differ
€nce is fo grear as to exceed the half of the lealtex-
Centricity.
_ 6thly. The nodes of the moon’s orbit move very
regularly ; fo that the line of nodes fucceffively ac-
Quires a1l forts of fituation with refpect to the fun;
"tnd in the courfe of every year it paffes twice
Mroush the fyzygies, and twice through the qua-
dratures, During one whole revolution of the
Moon, the nodes go back from ealt to weft with
COhfiderable quicknefs when they are in the qua-

4

ratures ; but having patfed thofe points, they gra-

duall}’ flacken their motion, and are quite at reft
When they come to be in the fame direction with the
fy Zygies. \
7.thly. The inclinationof the plane of the maon’s
Orbit to: the ecliptic (which has been faid to make
:;:ig?nerai an angle of 5°) ch'ie‘s by feveral minutes,
s greate(t when the moon is in the quadratures,

an St X :
g dleatt when fhe is in her oppofition or conjunc-
On,

Cl'&aﬁ:s)
dre

The above-mentioned inclination alfo in-
: and is ar its maximum, when the nofes
niihelsn fhﬁl l'yz.ygic's; but the incliﬂnazion dimi--
oies as t‘*ne hrfc of. nodes has paffed the fyzy-
> and is at its minimum when that line coin-
K 3 cides
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cides with the quadratures.. Upon the whole, it
feems that the inclination of that orbit to the eclip-
tic is at the leaft about §°, and at the moft about
5 18' 6"

All the irregularities of the moon’s motions ar€
rather lefs in her oppofition than in her con-
junétion,

Thofe which we have called irregularities of the
moon’s motion, are o far from being real errors.or
defefls, that they are the juft and natural confe-
quence of that grand law of nature, the univerfal
and mutual gravitation of matter; and the works
of nature would be truly defe@ive if the above-
mentioned apparent irregularities were not found
to exift, as has been abundantly demenftrated by
the great Newton, What renders the calculation
of the moon’s influence, motions, and fituations, at
different times, extremely intricate and perplexings
is the difficulty of determining the quantities of thof2
forces which act upon the moon, and upon which
the theoretical calculations are eftablithed. The
quantities of thofe forces muft be deduced from
their effects, viz. from obfervations; and thofe ob~
fervations require exact inftruments, and diligen®
obfervers. In fact, it is owing ta the induftry of
late and prefent aftronomers, as alfo to the mechant”
cal and mathematical improvements of the fhort pé”
riod which has elapfed fince Newton’s time, thaf

the tables of the lunar motions have been brough®
0
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to a wonderful degree of accuracy, and that they are
daily receiving farther corrections. '

The_un‘uy equal motion of the moon, is its TEVO=-

'l_“[ion round its axis, which, either in part or in all,
i performed exaétly in the fame time, in which fhe
Performs her revolution in her orbit round the
Carth ; hence fhe always prefents the fame half of
s fiurface to us, whilft its other half is never feen
by us ; yet on account of the moon’s orbit being
flliptic:al and not circular, as alfo on account of the
“}Ciinalion of that orbit to the ecliptic, we can at
times fee part of that half of the moon, which, in
&eneral, is not vifible to us; and this is the lbration
Of the moon, as has been mentioned in the preced-
o pages.

It follows from the ahove-mentioned rotation of
the moon round her axis, that in the compafs of one
Year we inhabitants of the earth have nearly 365 3
days, whereas the inhabitants of the moon, if there
be any, have only about 12 5 days; every one of
their days being equal to about 2g  of .our days.

From obfervations carefully made on the fpots of
3‘“ moon, and from proper calculation, it has been

etIEI‘rnincd that the axis of the moon is inclined ta the
®cliptic at an angle of 88° 17’ very nearly 2

. ;
& Caffini found that the nedes of the moon’s equator
ree w . .
ore with the mean place of the nodes of its orbit; there-
» they have the fame mean motion.

K 4 The
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J

The above-mentioned apparent irregularities of
the moon’s motion produce feveral remarkablé
phenomena, with refpe@ to the moon’s rifing to its
fetting, ‘and to its continuance above the horizon of
thofe places which are not under the equator. Tweo
of thofe phenomena have obrained peculiar appella-
tions, viz, the barveft moon, and the bunter's moon.

It has been mentioned in the preceding pages, that

. the moon appears to recede from the fun at the daily

rate of about 12° and fome minutes; but it dues not
follow that the moon muft rife every day later by 4
proportionate length of time, viz. by about 50 mi-
nutes of time; for, on account of the different angles
made by the horizon and different parts of the
moon’s orbit, this retardation differs confiderably in
places of high latitude, and it is only equable or
nearly {o, with refped to places fitvated under the
equator. The caufe of thofephenomena is clearly
and familiarly explained by Mr. Fergufon, in the
16th chapter of his altronomy, from which I fhall
malke the following abridgement.

The plane of the equinogtial is perpendicular t0
the earth’s axis; and therefore, as the earth turns
round its axis, all parts of the equino&tial make cqual
angles with the horizon;, both at rifing and at fetting #
fo that equal portions of it always rife or fetin equal
times,  Confequently, if the meon’s motion were
equable and in the equinoctial, at the rate of 12° 1%
from the fun every day, as it is in her orbit, fhe would
vife and fet 5o minutes later cvery day than on the

) preceding
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Preceding day; for 12° 117 of the equinodtial rife or
fetin ¢o’ of time in all latitudes.

But the moon’s motion is fo nearly in the ecliptic,
that we may confider ber at prefent as moving in it.
Now the different parts of the ecliptic, on account
of its obliquity to the earth’s axis, make very differ- -
ot angles with the horizon; and in equal times,
Wht’nevel this angle is leaft, a greater portign of the
tdll}*lc rifes than when the angle is lirger, as may
be eafily perceived by looking at a comnion celeftial
globe, Thus in fig. 7 and 8, Plate XXVII. L re~
Prefents the latitude of London, AB is the horizon,
Fp the axis of the world, E¢ the equator; K&
the ecliptic,. Now, on account of the oblique po-
fition of the fphere in the latitude of London, the
®cliptic has a high elevation above the horizon,
Making the angle AUK of about 73°%, as repre-
fenteq i fig. 7, when the fign of Cancer is upon
the meridian, at which time Libra rifes in the eaft.
But when the other part of the ecliptic is above the

Orizon, viz. when the fign of Capricorn is upon
the meridian, and Aries rifes in the eaft, then the
ecliptic will make with the horizon the much fmaller
angle 21U A, as reprefented in fig. 8, which angle is
Only about 26° 2, that is 47 degrees fmaller than the
Ofmer angle. And by infpecting thofe figures, it may
®eafily conceived that, as the celeflial fphereappears
S turn round the axis FP ina oiven portion of time,
% for inflance, three or four hotrs, 2 greater portion
o the eclipiic will tife during that time, when the

echptic
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ecliptic is in the fituation of fig, 8, than when it
is in the fituation of fig. 7.

In northern latitudes, the fimalleft angle made by
the ecliptic and horizon is when Aties rifes, at which
time Libra fets; the greateft when Libra rifes, at
which time Aries fets.  From the rifing of Aries
to the rifing of Libra (which is 12 fidereal hours)
es; and from the rifing of Libra to
the rifing of Aries , decreafes in the fame propor-
tion ; hence it appears thac the ecliptic rifes fafteft
about Aries, and floweft about Libra.

On the paraliel of London, as much of the ecliptic
rifes about Pilces and Aries in two hours, as the
moon goes through in {ix days; therefore, whillt
the moon is in thefe figns, the differs but two hours

the angle increaf

in rifing for fix days together; that is about 20 later
every day or cight than on the preceding, at a mean
rate. But in 14 days afterwards, the moon comes
to Virgo and Libra, which are the oppofite figns ta
Pilces and Aries ; and then fhe differs almoft fout
times as much in rifing ; namely, one hour and
about 15 later every day or night than the preced-
ing,whilft fhe is in theft figns. As the fi figns, Taurus,
Gemini, Cancer, Leo, Virgo, and Libra, rife fuc-
ceflively, the angle of the ecliptic with the horizon
increafes gradually ; and de creafes in the fame pro-
portion as they fet; and for that rea 2fon, the moon
differs gradualiy more in the time of her rifing every
day whilft fhe is in thefe figns, and lefs in her [etting?
after which, through the other (ix figns, viz. Scor-
Ppios
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pio, Sapittary, Capricorn, Aquarius, Pifces, and
Aries, the rifing difference becomes lefs every day,
Unti] i be at the leaft of all, namely, in Pifces and
Aries,

The moon goes round the ecliptic in about 27
days and 8 hours; but not from change to change
10 Jefs than about 29 days and 12 hours: {o that fhe
i in Pifces and Aries at leat once in every luna-
tion, and in fome lunations twice.

If the earth had no annual metion, the fun would
Bever appear to fhift his place in the ecliptic ; and
then every new moon would fall in the {ame fign
and degree of the ecliptic, and every full moon in
the oppofite ; for the moon would go precifely
found the eciuptlc from change to change. So thar
if the moon was once full in Pifces or Aries, {he
Would always be full when fhe came round to the
fame fign and degree again. And as the full moon
files at fup-fer (becaufe when any point of the
€cliptic fets, the oppofite point rifes} fhe would con-

antly rife within two hours of fun-fet, on the pa-
Tallel of 1ondon, during the week in which fhe
Were full.  But in the time that the moon goes
"ound the ecliptic from any conjunction or oppofi-
ton, the earth goes almoft a figy forward ; and
Merefore the fun will feem to go as far forward in
tiat time, namely, 27°%; fo that the moon muft
80 27° L more than round, and as much farther as

the fun advances in that interval, which is 2°4%,
before fhe can be in conjunttion with, or oppalite

to,
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to, the fun again. Hence it is evident, that there
can be but one conjunétion or oppofition of the {un
and meon in a year in any particular part of the
ecliptic. This may be familiarly exemplified by the
hour and minute hands of a watch, which are never
in conjunétion or oppoefition in that part of the dial=
plate where they were fo laft before.

As the moon can never be full but when fhe is
oppofite to the fun, and the fun is ‘never in Virzo
and Libra, but in our autumnal months, it is plain
that the moon is never full in the ‘oppofite figns,
Pifces and Aries, but in thefe two months. And
therefore we can have only two full moons in the
year, which rife fo near the time of fun-fet for a
week together, as has been mentioned above, The
former of thefe is called the barvef moon, and the
latter the banter’s smoon.

When the moon is in Pifces and Aries, it muit
rife with nearly the fame difference of time in every
revolution through her orbit, which is exaltly the
phenomenon of the harveft moon; but it paffes un-

chferved, becaufe in winter thofe figns rife at noom
and, being then only a quarter of a circle diftant
from the fun, the moon in them is in her firft quar-
ter, and rifes atebout noon, at which time her rifing
is not noticed. In fpring thofe figns rife with the
fun, for the fun is in them, confequently the moon
being in them too, is in conjun&ion with the {uPs
and therefore its rifing is invifible. In fommes
thofe figns rile at about midnight, and the fun i$
i thre€

)
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three figns, or about go° before them ; therefore the
Moon in them mult be in her third  quarter,
When it oives little light, and rifes late, on which
accounts the phenomenon of her rifing for fome
Rights with litde difference of time, pafles unno-
ticed, In autumn, however, the cafe is different;
for the figns of Pifces and Aries then rife at about
fuﬂ-ﬂ:t, and therefore the moon being in them, is
in oppofition to the fun, confequently full, and rifes
. great {plendour when the {un fers, and feems to
Prolong the day for the advantage of the hufbana-
Man at about the harveft time,

"In northern latitudes, the autumnal full moons
8%¢ in Pifcessand Aries ; and the vernal full moons
W Virgo and Libra. In fouthern latitudes, juft the
everfe, becaufe the feafons are contrary. But
vifgo and Libra rife at as imall angles with the
S0rizon in fouthern latitudes, as Pifces and Aries do
Ul the porthern; and thersfore the harveft moons
7€ juft as regular on one fide of the eguator as on
the other,

As thefe figns, which rife with the leaft angle,
¢t with the greateft, the vernal full moons differ as
"uch i their fimes of rifing every night, as the au-
™mna) full moons differ in their times of fetting ;
0d fer with as little difference as the autumnal full

m . " T 4
90ns rife; the one being in all cafes the reverle

of the other.

Hltherto. with refpect to thefe phenomena, we
Y€ fuppofed that the moon’s orbit coincided with

the
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the plane of the ecliptic ; but fince her orbit make$
with it an angle varying from §° to 5° 18, and crofles
it only in the nodes, therefore her rifing when in
Pifces and Aries, will fometimes not differ above
one hour and 40 through the whele of the feven
davs; and at other times, when in the fame (w0
figns, the time of her rifing, in the courfe of a week
will differ full 3 £ hours, according to the different
pofitions of the nodes with refpect to thofe figns;s
which pofirions are conftantly changing, the nodes
going backward through the whole ecliptic ip
about 18 years and 228 days. This revolution of
the nodes will caufe the harvelt moons to g0 through
a whole courfe of the moft and leaft beneficial
ftates, with refped to the harveft in about 1¢ years.
"I'he following T'able fhews in what years the harvelt
moons are meft or lealt beneficial, from the yeaf
1800 to 3861 : the columns of years under the
fetter L, are thole in which the harveft moons aré
leaft beneficial ; thofe marked M, fhew when the¥
are the moft bencficial ; the former falling neareft
the defcending node, the latter neareft the afcend-
ing node ™.

*  Mr, O’Gregory’s Aftronomy, chap. XVI.
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% At the polar circles, when the fun touches the
f”“‘-ﬂ:cr tropic, he continues 24 hours above the
horizon ; and 24 hours below ir, when he touches

th For the fame reafon the full

€ Winter tropic.
Moon neither rifes in fummer, nor fets in winter,
c(_?nﬁdering her as moving in the ecliptic. For the
Winter full moon being as high in the ecliptic as the
fammer fun, muft therefore continue as long above
the horizon; and the fummer full moon being as
OW in the ecliptic as the winter fun, can no more
flle than he does. But thefe are only the two full
Maons which happen about the tropics ; for ail the
Otherg tife and fer.
rz?;?:: their ftay is fhort above the horizon, when
Fno()nji:? arc:-ﬂ-lor.[’ and we hi“l‘-’i‘: leaft occafion for

ght: in winter they go high, and ftay long
above

In fummer the full moons are
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above the horizon, when the nights are long, and
we want the greateft quantity of moon-light*,”

I fhall conclude this chapter with a fhort ac-
count of the fingular appearance of what is called:
the horizoutal moon, and borizontal Jun.

In the firft place it mult be remarked, that both
the fun and the moon, when they are near the ho-
rizon, appear not quite round, but a little oval, the
longelt axis being parallel to the horizen. ‘This
arifes from the different refrattive power of the at-
mofphere at different elewations, in confequence of
which the lowermoft limb of the fun, {and the fame
muft be underftood of the moon) appears more ele-
vated than the upper limb ; hence the vertical dia-
meter is [hortened a little, whilk the horizontal
diameter remains unaltered.

But the moft fingular phenomenon is, that both
the fun and the moon, when near the horizon, ap-
pear to the naked eye much larger than when they
are higher up or upon the nieridian, which enlarged
appearance muft undoubtedly be an optical decepr
tion; for if the diameter both of the fun and the
moon be meafured by means of proper inftruments
fuch as a quadrant, a micrometer, &, -they will b®
found to be fmaller in the former than in the Jatt€®
fituation, which is as it ought to be ; becaute whe?
they are upon the horizon, thofe celeftial object
are evidently farther from us by the femi-diamet€®

PR ="

* Fergufon’s Aftronomy, § 293. of
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of the earth, than when they are upon the meri-
dian,

The explanatwn of this phenomencon has execr-

e
Ciled the genius of diverfe
have aetempted it, and have offered their various

h}'POEhE!-cs to 'the public; yet the phenemenon is
far from being thoroughly underftood.  One of the
Beft of thofe hypothefes is
lefs ight and lefs diftis

h“*hﬁr up, on account of its rays paffing through a

the moun appears
E

t near the horizon, than

breﬁtf:x quamhv of atmofj h -rical airy, vapours, {&C.
1 the former cafle than in the latter; we imagine it
' be ar a much greater diftance than when fhe is

ks appear, ceferis paribus,

igher up ; for near ob]
More bright and diltin& than thofe which are far-
ther off Then as the vifual angle of the moon 1is
I‘-‘:arly the fame at all elevations, and as our imagi-
Mation makes us conceive it to be a great deal far-
ther off when near the horizon; therefore, in that
“afe we alfy conceive it to be a much larger object 5
o of two unvqual objeéts that fubtend the {ameé
Wole at the eye, the largeft muft neceffarily be the
Moft diftant. But upon this pri inciple it fhould
*€m thut whenever the moon, or he fun, at a high
e Watmn’ happens to be rendered indiftinét by the

Le’POhtlon of vapours, &c. 1t Ollffht O appear as
Tgeas i does near the horizon, which does not feem
% be g ¢

Another hypothefis is, that the lower part of the

pp'lle“t celeftial hemifphere {feems tu us larger
VoL, 1v,

.”_[_

L t.].lil
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than the higher part of it; for inftance, if we guefs
at the altitude of a celeftial object we always conceive
it to make a greater angle with the horizon, or to be
more elevated than it really 1s; therefore any por-
tion of that lower part of the hemifphere, or of any
body in 1, appears larger than when the fame 1
higher up. But then one may naturally aik, what
makes us conceive the lower parts of the apparent
celeftial hemilphere to be larger than thofe which are
higher up * ?

# On this fubject the reader may confult Dr. Wallis®
Works, Des Cartes’s Works, Dr. Defagulier’s Philofophys
Rowning’s Philofophy, Dr. Smith’s Optics, Dr. Prieftley’s
Hiftory of Light, &c. Fergufon’s Aftronomy, and almoft
all the modern Writars on Aftronomy,
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CHAP VIL

OF THE TIDES, OR OF THE EBBING AND
FLOWING OF THE SEA.

HE fingular phenomena of the ebbing and
flowing of the fea, viz. of its alternately rifing
and falling on the fhores of moft countries ; and the
“Onnetion which feemed to exift between thofe phe-
"Meqa and the movements of the moon, has been
rerr“arked and is mentioned by the writers of great
anthuity *#_ But it was Kepler who firft (hewed that
& 2ttrattion of the moon was the real caufe of it.
®Wton, in a mafterly manner, enlarged and de-
mr"_"ﬁratcd the various parts of the fame theory,
ich has alfo received farther corretions and im-
S;?z;ments frorp t-he obfervations and calculations
fequent philofophers,
QVQ;‘V:;Y day? '1 ﬂ)Ol:t time after the moon’s paﬂ:age
i € meridian, the waters .of the océan are #eerl
» A ?n the fh'orc:s of the adjacent lands ] and'this
ed the ride of flosd. From that time they
\

=

*
Siey] Such are Homer, Ariftotle, Herodotus, Diodorus
u us, Plu;amh, &ec.

L% gradually




148 OF the Tides, €.

gradually fubfide, until about fix hours afier they
are at the loweflt, which is called the #ide of ebb.
They then gradually rife again, and make another
tide of flood, or are at their higheft a fhort time
after the moon has pafled the inferior part of the
meridian,  After that, the waters ebb again, and {0
forth. The earth by its daily rotation round its
axis goes from-the moon to the moon again (or the
moon appears to move round the earth from a given
meridian to the fame again) in about 24 hours and
50'; hence in that period there are two tides of Aood
and two of ebb.

The tides are more confiderable about a day and
a half after the new, or the full, moon. They are,
cxteris paribus, alfo greater when the moon is in her
perigee than in her apagee; and likewife higher
about the equinoxes; o that the higheft tides are
obferved when the above-mentioned three circum-
ftances take place at the fame time, viz. when the
moon is either new or full, at the fame time that
it is in her perigee, and about the time of the
equinoxes,

Thofe, and other lefs confiderable, phenomen?
relative to the tides, are eafily thown to depend on
the attrations and pefitions both of the fug and the
moon, but principally of the moon ; for though the
fun is immenlely larger than the moon, yet as he is
vafltly more diftant, and the attraftion decreafes i~
verfely as the fquares of the diftances, it follows that
the effect of the moon’s attration on the waters ©
the
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the fea, 15 much more confiderable than that of the
fun’s attraftion. At a mean, that of the former
Iy teckoned to be to that of the latter, as §
to 0 ¥,

It is evident, that if three or more bodies, be at
d'lﬁ'erent diftances from the moen, the neareft of
.theﬂ‘t will be attralted more forcibly than that which
%'a little farther off; this more forcibly than the
Uext, and fo on. After the fame manner it muft be
c““ﬁdt‘l -ed that the attradtion of the moon towards

e different parts of the earth is not exallly the
“Me ; becaufe thofe various parts are not equally
dlﬁaﬂt from it. Thus, in fig. ¢, Plate XXVII.
Where M 15 the moon, and AB C the earth, the
Pars of the earth at A are attracled with greater
o' than thefe at B, and the latter more than
- which are at C.  This difference of attrattion
: M0t oreater than the force wherewith the folid
Pares of the earth adhere to each other, therefore it
I’Jts ot p muuL any uemnt ement of fi ngure among
;}t‘m but it produces a very fenfible effe&t upon

ﬁ fuig parts of his globe; that is, upon the waters

. fthe Oceans, Thus the waters at A immediately
“dtr the

moon, being attracted ‘more than the
Centre B

of the earth is, are cauled to recede from

\k

Suer EAS by Mr. Daniel Bernoulli. See the paragraphs
%, - . T L}
Sux & F reflux de 'la Mer, in De la Lande’s Aftyo~

Qm y.

i 4
e
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it more than the waters at D and E, which, as all0
the centre B, are equidiftant from the'moon ; theré”
fore the diftance BA muft become greater than the
diftance BD, or its equal BE. Alfo the parts at
D, B, and E, being attracted wich greater forc®
than the more diftant waters at C ; it follows, that the
diftance BC muft likewife become greater than BP
or BE; hence it appears that the waters which {uf*
round the earth, muft form, (as far as the fituation®
of continents, iflands, &c. will permit) an oblong
or oval, or {pheroidical figure, whofe oreater axis i
ac in the dire@ion of the moon M, and whoff
thorter axis is #e.

The orbit of the moon being elliptical, having
the earth in one of its foci, it follows, thar €he
moon’s diftance from the earth varies confiderably?
and of courfe its attraltion muit vary accordingly?
hence the tides are more confiderable when the
moon is in her perigee, and lefs [0 in her apogee:

The atra&ion of the fun produces a finilaf
elongation of the { fuid which furrounds this glob¢”
but, as has been mentioned above, not near fo co%”
fiderable as that which. is produced by . the moo™
The effed is likewife greater when the fun js near®
to the earih, as in the winter time, than when he s
farther from it, as in the fummer, time.

It will be readily underftood, that, according @
the different fitnations of the fun, and the moofhthc
tides which are raifed by their refpective attraétion
thers

will either confpire with, or counteract, each @
in

"
o
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ina greater or lefler degree.  Thus in fig. T, Plate
XXVIIL, T is the earth, M the moon, and S the
fun, Then ACBD is the fpheroidical figure of
the Auid part of our globe, which is formed by the
aftion of the moon, whereof A B, is the greater axis,
and C D the lefler; viz. the waters at A and B,
Or under and oppofite to the moon, are higher than
their ufial level ; but at C and D they are lower
than their ufual level. EFHG reprefents the ob-
1°ng figure, which is produced by the altion of the
fon; yiz. the waters are higher than their ufual
level under the fun at E, and oppofite to it at F;
but they are lower than their ufual level at H
id G, Now by infpe&ing the figure it will be
®fily comprehended, that if the longer axes of both
thofe fphermds coincide, as is the cafe at the time of
Aful] and of a new moon ; viz. when the moon is in
Onjunétion with, or oppofition to, the fun ; then the
®Fe@ is greater than in any other fituation of tuo"
Mminaries, The very high tides, whic h are raifed
i thef cafes, are called fpring tides. On the other
ha‘f‘d; when the leffer axis of one of thofe {pheroids
®incides with the greater axis of the other {pheroid,
= is the cafe at the quadratures, viz. when the moon
S 90° diftant from the fun; then the two powers
COuntera® each other more or lefs, according as
€ither of them is more o' lefs pov.u.a‘ The tides
in thofe cafes, being not fo high as in ordinary, are
Calleq neap tides. Thus, where the lefler axis CD
~ ©f the moon’s fpheroid ACBD coincides with the
L4 greater
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greater axis EF of the fun's . fpheroid EH F Gy
there the two oppofite “powers nearly balance each
other, and of courfe the rife or fall of the ‘water 18

1

nedrly infenfible,  But where the greater axis A B

3

of the moon’s fpheroid A C B D coincides with the
lefler axis HG of the fun’s {pheroid EHFG, there
the elevation of the waters at A and B B (viz. about
the extremiries of that greater axis) will be very
little lefs than if it were not {b counteraéted,

The firuations of the fug and principally of the
moon, with refpet to their declination or diftance
from the equator, produces another remarkable
phenomenon relative to the tides ; which 18, that
tae two fucceflive tides of the fame day are more or
lefs unequal, according as the moon declines more
or lefs from the equator; {o that they are equal
cnly when the moon has no declination, viz. when
it is in the equator. ‘Thus in fig. 2, Plate XX V]Il
where the moon M is over the equator Q R, any
given part of the earth will have the two fucceffive
tides equul 5 for when, by the diurnal rotation of the
earth round its axis NS, the part R .comes to Q, the
clevation of the water will be as great ' as in 1S
former fitvation at R ; and the fame is the cafe
with any other given part at 7, for cither when
this part ftands at », or when about 12 hours after
It comgs to g the Hoods, or the elevations, # 4, gf’»’,
of the waters are exaltly equal, But when the
moon 1$ diftant from the equator, as ig rlpleiersrfd '

. o i 1
in-fig. 3, Plate XX VIIL the fame part of the
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earth will have the two fucceflive tides of the fame
day unequal; for when the given part 7 is at.7, the
tlevation Zr of the water is not equal to the ele-
Vation g 4, which is the high water or tide of the
fame part,-when, about 12 hours after, this part is,
by the diurnal rotation of the earth; come to 4.

“ In fhort, when the moon declines from the
fquator towards either-pole, the tides are alternately
Bigher and lower at places having north or fouth
'}‘W‘:ta:dr‘:. For one of the higheft elevations, which
5 that under the moon, follows her towards the
Bale 1o which fhe is neareflt, and the other declines
to\'r'ards the ODDCJﬁtr' pg]c; each elevation dcﬁ:ri'u—
“‘" parallels as far diftant from the equates, on op-
Pofite fides, as the moon decline

fide

]‘ER elevations of the water are twice as many ce-

s {rcm i'.' EO CIL.’].T
€5 and, confequently, the parallels deferibed by

8f¢es friom one another, as the moon is from tf'.:i
“Quator ; increafing their diftance as the 'moon in-
Cfeafés her declination, till it be at the greateft,
the faid parallels are, at a mean ftate, 47° from
98¢ another ; and on that day, the tides are mofl
Nequal in their h ights, As fhe returns towards
o quator, the parallels deferibed by the oppofite
]w‘*'im , approach towards each other, until the
000 comes 1o the equator, and then they coincide.

1
i

S the moon declines toward the oppofite pole, at

qual mlmncrs, each elevation defcribes the fame
Paralle] in the

other part of Ehc lunar day, which its
Oppofite elevar

tion defcribed before.  Whillt the
oon
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moon has north declination, the greateit tides in the
northern-hemifphere, are when fhe is above the ho-
rizon; and the reverfe whilft her declination i
fouth *.”

The fame thing muft-be underftood with refpect
to the effet which 1s produced by the fun’s atcrace
tion ; allowing for the difference of powers.

When both the fun and the moon are in the
equator, and the moon is in*her perigee, that is,
nearelt to the earth, efpecially when new or full;
then the tides are the higheft; becaufe the attraétion
of the moon is greatelt, becaufe it coincides with
that of the fun, and becaufe they act upon the equa-
toreal parts of our globe, which have the greareft
centrifugal force. And the effe& would be in-
creafed ftill more, if at the fame time the fun
could be neareft to the earth. But, as the {un
is nearer to the earth in winter than in fummer
therefore it is nearer to it in February and Oétobets
than about the time of the equinoxes in March and
September ; hence the greatelt tides take place
{fometimes after the autumnal equinox, and return 2
lictle before the vernal equinox.

With refpe@ to the time of the return of th€
tides it is neceffary to obferve, that the tides do not
return always at eqnal intervals of time. In ordef
to comprehend the reafon of this inequality, We
mult confider the changeable fituation of the earth’s

* Fergufon’s Aftronomy, §. 304-
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axis with refpeft to the moon; for that axis, in
every lunation, inclines once towards the moon,
once from the moon, and twice fidewife to her;
moving gradually from one of thofe fituations to
the other, exally as it does with refpec to th e fun
in the courfe of one year; the moon going round
the ecliptic in one lunar month, as the fun goes
round the ecliptic in one year.

Farther, as the greateft axis of the fluid fpheroid,
formed by the attraction of the moon, is always di-
refted towards the moon, if we imagine that a
Plane be drawn along that greater axis, and perpen-
dicular to the moon’s orbit, it is evident that this
plane marks the two oppofite or fucceffive tides of
flood, fo that when any given place on the furface
of the earth croffes this plane, which it docs twice a
day, it muft then have high water. Now it is eafy
to conceive, that when the axis ‘of the earth is 1n-
¢lined rowards or from the moon,. it muft then lay
In'the above-mentioned plane, which plane in either
of thofe cafes muft evidently cut each parallel of
latitude jnto ewo equal parts; confequently, fince
the earth turns equably round its axis, a given Pomc
On the furface of it muft be as long in going from
One interfection with that plane to the other inter-
feSion on one fide of it, as from the latter to the

~

former on the other fide of it.  Or, in cther words,
ti it :

e tides return to the {fme place at equal inter-
Vals 3

Is of time. But when the axis of the earth in-

Lidte

clines fidewife to the moon, then the paraliels




2
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of latitude are cut unequally by the above-
mentioned - plane ; confequently, in that cafe. the
tides return to the fame place at unequal intervals
of time ; for that place, having a certain latitude,
will be a longer time in going from one interfection
with the plane to the other interfection, than from
the latter to the former.

From the foregoing theory, it follows that
“ when the earth’s axis mclines to the moon;
the northern tides, if not retarded in their paffage
through fhoals and channels, -nor afefted by the
winds, ought to be greateft when the moon is
above the horizon, leaft when fhe is below it 5 and
quite the reverfe when the earth’s axts declines
from her; but in thofe cals they return at equal
intervals of time, When the earth’s axic inclines
fidewife to the moon, both tides are equally high;
but they happen at unequal intervals of time, In
fummer, the earth’s axis inclines towards the moon
when new ; and therefore the day-tides in the
north ought to be higheft, and night-tides loweft
about the change: at the foll, the reverfe. At
the quarter,-they ' ought o be equally high, but
unequal in their returns; becaufe the earth’s axis
then inclines fidewife to the moon. In winter the
phenomena are the fame at full moon, as in fum-
mer at'aew.  In avtumn the earth’s axis inclines
fidewile to the moon, when new and full ; there=
fore the tides ought to | > equally hi .’ and unequal

n
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W their returns at thefe times. At the firlt quarter
the tides of food fhould be leaft when the moon is
above the horizon, greatelt when he is below it;
and the, reverfe at her third quarter.  In fpring
the phenomena of the firft quarter anfwer to thofe
Of the third guartey 1. autamn; and wice wverfa.
The nearer any time is to either of thofe feafons,
the mare the tides partake of the phenemena of
thefe feal
of them,

of Borh *:”

1 in the middle between any two

are at 2 mean ftate between thole

Ihofc general rules are perfectly verified by ex-

Perience 2s

Wterfere.

ong 4as no cxtraneous d IP'L]*'{I‘].'I 24 CaLI{(’,S

It has been but {lightly mentioned in the preced-
g pages of this chapter, that the g greateft elevation

-

Of th.‘ waters t 1\{.-1 i lace 1()!?“[11’1'“.. .li‘["l’ the moon S

)
]aH‘*Gﬁ over [F |+ 111(:’"\'1!21[1 3 .1”1 me lllilt TII'IU']U' 15
tru

¢ with refpeét to the {pring fices, v . that they

ty

ke place {ometime after the rhnﬂn “tion, or the
0 X ]

PPofition of the fun-and moon.
ven | In ¢pen 1e

exp

This 1s the cafe

is, where, at firft fight, it might be

JeCted thae the elevation of the water

Would, ;

‘G be direétly under the moon, where the at-
tra& . . :
l “tion is frongeft. But an obfervation fimilar to
tha :
“t which has been made (page 89, vol. II1.)

relg
tive to the oreateft heat of the day, which takes

la _
Plage 4 confidgrable time after the fun’s paffage over
M—‘_

& F e oY Al 3
Fergufon's Aftronomy, §. 307.

the
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the meridian, will eafily explain the above. mentioned
phenomenon of the tides ; namely, that when a cer-
taint power communicates an_energy, and though the
allion of that power be alually decrealing ; yet
the effect, or the accumulation of the energy, will
ftill continue to increafe as long as the wafte of that
cnergy in a given time is lefs than the addition
which is made to it in the fame time. Thus, {up-
pole that a perfon’s expenditure amounts to o
pounds per day; then, if to-day he receives 20
pounds; to-morrow he will have left 10 pounds
for be muft fpend the other 10 to-day. Then if
to-morrow, inftead of recciving 20 pounds, he re-
ceives 15, and, as ufual, he fpends 10 pounds out
of it, he will have left, in all, 1§ pounds ; and if
the day after to-morrow he receives only 12 pounds,
and as ufual fpends only 10, he will have left upon
the whole 17 pounds; which evidently thews that
though his daily receipt is conftantly decreafing, yet
his ftock is increafing, and will continue to increafe
as long as the daily receipt exceeds the daily expen-
diture,

Now, with refpet to the tides, it muft be confi-
dered, that-the waters of the oceans, once put in
motion by the attration of the fun and moon;
would of themfelves continue to move for a confis
derable time, though the a&ion of the fun and
moon fhould ke fufpended. Like a bafon of watefs
or like a pendulum, which, if once put in motions
will, without the renovation of the impulfe, continué
to
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1o yibrate for a confiderable time after. In the like
Manner, if the moon’s attraction fhould ceafe, the
Moment fhe has palled the meridian, the waters
of the oceans would flill continue to rife for fome
time after, in confequence of the impulfe received
before the ceffation of the moon’s aétion; and there-
fore they muft continue to rife much more when
that aion, inftead of being annihilated, is only
diminifhed.

The time which elapfes between the moon’s
Paflage over the meridian, and the high water or
ﬂood, even in open feas, is not always the fame ;

Ut it is fometimes longer and at other times fhorter
than ordinary, which arifes from the concurring
ation of the fun ; for when the moon is in her firlt
and third quarters, the tides raifed by the moon are
SCeelerated by the fun, becaufe in thofe cafes the
Udes raifed by the fun alone would come on earlier
_thﬁn thofe of the moon. And when the moon is
"M her fecond and fourth quarters, the tides raifed

¥ her are retarded by the fun; becaufe, in thofe
Gafes, the tides raifed by the fun zlone would come
0 later. In general, the greateft height of the water
" open {eas, takes place about an hour after the
Moon’s meridional paflage.

Befides the agceleration or retardation which arife

Om the influence of the fun, the tides are confi-
f:f::y ;ﬂ"’c&ed, i? point of height and of periodical
% m? y local csrc_u.:m_ﬁancc_:s. In th_e- open feas

€ of the water is fimall in compariion to what
1t
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it 1s in contracted channels, wide-mouthed riverss
&ec. where the water is accumulated by the contrac-
tion and oppofition of the banks.

“ The tides are o retarded in their paffage
through different fhoals and channels, and other-
wife fo varioufly affeted by ftriking againft capes
and headlands, that to different places they happen
at all diftances of the moon from the meridian;
confequently at all hours of the lunar day. The
tide propagated by the moon in the German ocean
when fhe is three hours paft the meridian, takes 12
hours to come from thence to London bridge s
where it artives by the time that a new tide is raifed
in the ocean: and therefore, when the moon has
north declination, and we fhould expeét the tide at
London to be greateft when the moon is above the
horizon, we find 1t 1s leaft; and the contrary when
the has fouth declination. At feveral places it i5
high-water three hours before the moon comes @
the meridian ; but that tide which the moon puihCS
as it were before her, 1s only the-tide oppofite 0
that which was raifed by her when fhe was nin€
hours paft the oppofite meridian.

¢ « Phere are no tides in lakes, becaufe they 2ré

generally fo fmall, that when the moon ‘is vertical

fhe attraéts every part of them alike; and therefores
by réndering all the water equaily light, no part of
it can be raifed higher than another.  The Mediter*
rancan and Baltic feas have wvery fmall elevations
becaule theuinlets by which they communicate with
the
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the ocean are fo narrow, that they cannot, in fo thort
% time, receive or difcharge enough to raife or fink
teir furfaces fenfibly *.”

The time of high water in different parts of the
World, or rather the time which elapfes between
e high water tide and the moon’s arrival at the
Werididn, can only be learnéd from experience ; and
therefore the obfervations made in different places
Yelative ¢o this, are collefted into tables, which are
© be met with in feveral almanacks, and in treatifes
On navigation, fuch as Robertfon’s, Bouguer’s; &c.

The action of the moon upon the atmofphere has
Been noticed in the fecond. volume of thefe Ele-
Ments, page 242, and following.

S—

* Fergufon’s Aftronomy, § 309 and 310,
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OF THE NATURE AND MOVEMENTS OF THE suN
AND PLANETS.

TH E movements, the appearances, and the
mutual influence, of the fun, the earth;. and
the moon, are undoubtedly more ftriking and more
interefting to us than thofe of the other celeftial
objets : hence particular notice has been taken of
the fame in the preceding chapters of this volumee
But in deferibing the appearances and’ the mover
ments of the other celeftial ()bjéﬂs we fhall endea~
vour to be more concife, efpecially becanfe the fimi-
larity of their motions to thofe of the earth, wills
in 4 great meafure, fuperfede the neceffity ©
giving very minute explanations of feveral parti‘
culars.

In order to facilitate the comprehenfion of what
follows, the reader is requefted to recolle®t what
has been in a particular manner explained befor®
relatively to the planets; pamely, that the planet
both primary and fecondary, move in elliptical 0f~
bits ; and that the primaries, together with the fuPz

move round a common centre of gravity, which
centré
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C g c z i :
€atre of gravity is mot col incident with the centre

=t

ij Out 1s not put of the body of,

the fun. Alfo the

3

B o iy :
tcondaries, ar moons, or fagellites which belong to

a ; - ;
planet, revolve round a centre of gravity common

' them and to their primary ; fo that in truth the
Pairt, which delcribes the planetary orbit round the
fun is ot the centre of fuch a planet as has fatellites,
but is the common centre of gravity of that planet
and irs f{atellices ; thus it is not the centre of the
®arth, but the common centre of gravity of the earth
Wd moon, that deferibes the annital orbit round the
fun, This centre of gravity is as much nearer to
the centre of the earth than to that of the moon, by
% mych as the quantity of matter in the moon is
ks than the quantity of matter in the earth, VizZ,
%110 38,93 therefore, fince the diftance of the
Meon from the earth is 240000 miles *; by dividing
thig g; itance in the above-mentioned proportlom we
thall fina that the common centre of gravity of the
®arth and moon is only 601§ miles diltant from the
®entre of the earth, which diftance being but trifling,
vf'L hwe for the fake of avoiding prolizity, not no-
Uiced it in the explanation of the annual movements
of the earih,
[“h-ﬁ reader is likewife requelted to recollelt
\epler’s oeneral ‘laws relative to the planets ;
Mamely, thar the areas deferibed by a right line

I e - £ g sy
See page 115 and 116 ,0f this volume.
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conneéting the centre of attration and the revolving
planet, are always proportional to the times in whiclt
they are defcribed, and that the cubes of their dif*
tances from the fun are as the fquares of the times
of their periodical revolutions.

For the fake of brevity, asalfo for the conve
niency of comparifon, the diameters, diftances, - re~
volutions, and other remarkable particulars relas
tively to the fun and planets, have been difpofed i
a table which ftands at the end of this chapter, and
concerning which we fhall fubjoin the following ex-
planatiors; we fhall then add fuch other particulars
as could not conveniently be ftated in the form of @
table.

The 1t column of the table, which immediately
follows the names of the principal bodies of the
folar fyftem, contains the apparent mean diameters
of thofe bodies; that is, when they are at theif
mean diftances from the earth. Thofe diameter
have been afcertained by means of micrometrica
meafurements ; but fome uncertainty exifts with
refpect to the two new planets, Ceres and Pallas ; fof
the meafurements of their diameters, as given bY
different aftronomers, do not agree with each othe”
The moft accurate obfervations hitherto made upo®
Mars, - Jupiter, Saturn, and the Georgium Sid”?’
prove that there is a fenfible difference between the
equatorial and polar diameters ; the former beifg
longer than the latter, which is undoubtedly OWi"’g
to the greater centrifugal force of their equator®”

' b parts?
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Parts ; as is the cafe with the earth. Though it be
B0t proved by atual obfervations, yet analogy in-
duces us to believe, that a fimilar difference exifts
between the equatoreal and polar diameters of all
the other planets. '

The and column of the table contains the di-
Ameters which the planets would appear to have to
2 fpetator in the fun. Thofe are obtained by com-
Putation,

The 3d column contains the real mean diame-
teTS in Englith miles. Thofe diameters are ob-
Rined by computation from their refpective appa-
*ent diameters and diftances.

; The mean d:itances of the planets rom the fun,
ln round pumbers of finglifh miles, are contained
N the 4th column of the table. Should any per-
fon wifhy 1o have thofe diftances more accurately, he
May cafily deduce them from the proportional
m_:mbqs of the sth column, and by the common
::ii:jrpr:oz}m't.i?n 3 ‘-i"uppauﬁnfz,_ ' _lt.h:n.- ti_‘? n*c‘.:n ﬁ;.ﬁ,

f the earth, viz. g5 mullions, 1s {ufficiently
ACCurate,

The mean denfity of all the parts which form each
fliﬂ‘fé,‘ compared to that of water, is contained in
¢ 6th column; and the 7th column contins
tiz 1E’roportion lbe.:ween the quantity of ﬁ:m{tcr n

un, as alfo in each planet, and that of the earth,

W l N

c : - . .

o h is reckoned one, Or UNIty; thus Jupiter 18
C

1-
i'% e .
3 oned to contain fomewhat more than 312 times
$m
uch matter as the earth, &c.
M 3 The
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The inclinations, or the angles which the orbits
of the planets form with the plane of the ecliptic, ar¢
contained in the 8$¢h column.

1The gth column fhews the inclinations of the
axes of fome celeftial bedies to their refpeltive of-
bits. This column is deficient o account of the
very great ditliculty of making the neceffary obfer-

vations; for this inclination o" the axis of a planet
is only to be deduced from the oblique or' curvili=
near motion of the fpots of the planet,

The dwrnal rotations of the icth column aré
alfo detived from the motion of the {pots.

The 1rth column centains the tropical revolu®
tions, viz. the time employed by ecach plaret in
pafling over the 12 [ligns of the zodiae., And the
time which each of them emiploys in going from any
fixed flar to the fame again, is contained in the 12th
column. The particulars of this, as well as of the
two preceding columns, aré exprefied in days, hours:
thinutes, dnd feconde,

The 13th column contains the aphelia of the dif-
ferent nlanr"t%, viz. the higher apfis, or the place of
the ecliptic, towards which the planet is d;!’m.LLd
when it ftands at that point of its orbit, which i
the moft diftant from the fun. ¥ Thofe parts of che
ecliptic are €3 iprefied in figns, degrees, minutess
and feconds.

The 14th column contains the fecular motion?
of the ;’-;‘Izr:im of the preceding column ; viz. fh"
motion of the aphelion of each planet in 100 ye?
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This i obtained by dividing the difference between
the place of the aphelion, as determined many years
"

g0, and as afcertained lately, by the number of

Centyries, or fractional parts of a century, elapled
b“-'t\w:en the above- mumomd two determina-
tions,

Column the 15th, contains the eccentricities of
the orbits, each mean diftance being  recsoned
100000, From this and the ath column, the
Coentr, city of each orbit mav be had 1n miles.
Thys the earth’s mean diftance from the fun s
95000000 of miles, and the eccentricity of its
Orbir s 1681,395 ; therefore fay, as 10000 3
1631, s395 1 : 95000000 tO 2 fourth propor 1onal,
\rlz

=3 A e o
~ 0 1597325525> which is the eccentricity of the

Carth’s orbir in miles.
The 16th column contains the g rreateft equarions

of o 1

the centres, viz. the difference L‘""” n the true

{

d the mean anomaly for each planetary orbit.

The 17¢h column fhews the place o of the afcend-
g node of each planetary orbit, which gives tae
ftuatigy of the line of nodes. This may be ex-
Prefled ejther by the charatters of the figns of the
,,odl"’“, or by the number of figns, always reckon-
"¢ from the firft point of Aries ; together with the
tdg degrees, &c. Thus 1°, 157 a0y 437, 1s the

i

8, 15° 207, 43" and 3% 7% 455 325 15

the y
8 fame a5 o, 7°, 55, 32".—The fame obferva-
ln"]
'S may be applied to the 13th column.
3

M 4 The
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he fecular motion of the nodes, or movement
in 100 years for each planet, is contained in the 1 8th
column. Thofe are obtained in the fame manner as
has been faid of the 14th column.

It was impofiible to avoid fome inaccuracies
among the particulars of the annexed table, princi-
pally becaufe the obfervations, hitherto made, do
not always afford very accurate refults; we fhalls
however, endeavour to point them out in the fol-
lowing paragraphs; wherein the reader will find
{everal particulars relative to. the fup and planets
which could not be expreffed in the form of 4
table,

The fplendor of the fun even long before the dif*
covery of telefcopes has been obferved to vary at
different and uncercain times ; when viewed through
a telefcope, the furface of the fun is almoft always
found to contain certain dark fpots of various fizes
and duration. It is from the motion of thofe fpots
that the fun has been found to move round its ow?
axis, and that its axis has been found to be inclined
to the ecliptic, '

The conftant emanation of heat and light from
that immenfe body, has long fuggefted the idea of
the fun’s being a globe of fire, of the fpots being
the fcaria of the burning matter, and of {ome
acceflion of matter being neceflarily required
fupply the conftant wafte which arofe from the ema=
naion of heat and light, But the more or Jels
chﬁIfU-{
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powerful telefcopes ufed by different obfervers, and
the tendency of preconceived fyftems, have given
birth to a variety of opinions relative to the nature
of the fun. 'Thus the fpots have been fuppofed to
be bodies of very irregular figures revolving about
the fun, and ve ry near its furface. Thofe fpots have
alfo been confidered as the tops of rocks ‘or moun-
ta‘ﬂf-‘, on the iuppo ition that the fun is an opaque
body covered with a liquid igneous matter. They
have likewife been looked upon as excavations in the
Wminous matters of the fun. In the year 1788, a
Very learned and worthy gentleman p syublithed a dif-
fertation concerning the light of the fun, in which
e advanced that the real bedy of the fun is lefs than
its apparent diameler 3 and that. we never difcern the
Teal body of the fun il c?,\*(ej).f when we bebold its
Jpots 3 aud that the fun is inl

(AT

d as well as our

€arth ; and is not neceffarily fubjeld to burwing beat s
ard that there is in reality wo violent elementary beat
Eiffing in the rays of the fun themfelves effentially *.
Several years after the publication of the laft
mEntioned opinion, Dr. Herfchel began to publifh
In the Pmlo*ophical Tranfactions, his theory con-
C€rhing the nature of the fun, and to which he was led
bv hiS numerous obfervations made with his moft
mprm’uc’ inftruments, and the moft perfevering 10~

hu&r}’- This theory, in brief, is as follows :

* Morfels of Criticifm by Edw ard King, Efquire, F R.S
Zud A.S

'Tl~a~

e
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The {un, he thinks, is a moft magnificent habita-
ble globe furrounded by a double fet of clouds.
Thofe, which are nearer its opaque body, are lefs
bright and more clofely connected together than
thofe of the upper ftratum, which form the lumi-
nous apparent globe we behold, That luminous
external matter, as Dr. Herlchel oblerves, is neither
a liquid nor an elaftic fluid of an atmofpheric na-
ture ; for in either of thofe two cafes, it could not
admit of any chafims, or openings. Therefore, it
muft be concluded, that this fhining matter exifts in
the manner of empyreal, luminous, or phofphoric
clouds, refiding in the higher regions of the folar
atmofphere. The doctor then is of opinion that the
fpots, commenly {o called, are only accidental
openings between the luminous clouds, through
which we behold the opaque body of the fun, of
the inferior, lefs luminous clouds ; hence the {pots
appear of different fhades. In confequence of this
theory, Dr. Herlchel rejeéts the old names of fpots,
nuclel, penumbee, facule and luculi, which othet
aftronomers had given to the various appearances
on the vifible furface of the fun; and adopts the
following terms, which we fhall exprefs in his own
words ; and from an explanation of which the readef
may acquire -4 more competent idea of his hypo-
thefis *,

I

% Sec Dr. Herfchel’s Papers in the Phil, Tranf, for the
}"E'ﬂfs ]T{_}j Zlﬂl,] ]SQI.

- a1l

113 Oltwh;’b-!
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s where, by the acci-

dﬁ'\tal .Lmoml of thc I-W"‘-,uq clouds” of the fun,
it own folid body may be feen; and this not being
]uc]-j’ the openings t through which we e fee it may, by
Acommon telefcope, be miftaken for mere black
FPUES, of their nuclel.

(%4

3

Shallpws are extenfive and level deprefiions of
the luminous folar clouds, .gtl':(.']'?_l]y ﬂ]l‘l’DUﬂdll‘lg
the )| As they

are 1efy Juminous than the reft of the fun, they feem

openings to a confideradl

0 have fome diftant, though very imj perfect refem-

lance to penumbrez ; which micht occafion their

hlVlng been called fo forn
“ Rid
1374

te;-,

s are bright elevations of luminous mat-

in rows of an irregular arrange-

ules are alfo bright elevations of luminous’

el
L)

F_nﬂtt\?r, sut confined ‘to a fmall {]

wce. Lhefe nd-

i R
Sules, and ridges, on account of their being brm]wi‘r

than the general ft chace of the fun, and alfo differ-
ing 2 alittle from it in colour, have been called faculez,
and Jueyli”

Corrugations, 1 call that very particular and re-
Markable unevennefs, ruggednefs, or afpcnty,whlr:h
I Peeuliar to the lurhinous folar clouds, and extends
W over the furface of the globe of che fun. As the
UCprefied parts of the corrugations are lefs luminous

th T
an the elevated ones, the difc of the fun has an

el 5y "
PPearance which may be called mottled.”
s« Tndentations
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 Indentations are the deprefled or low parts of
the corrugations ; they alfo extend over the whole
furface of the luminous folar clouds:”’
¢« Pores are very {mall holes or openings, about
the middle of the indentations.”
The planet next to the fun is Mercury. The
proximity of this planet to the fun, renders it fel-
dom vifible, confequently the aftronomers have not
had many opportunities of making numerous and
accurate obfervations upon it. No {pots have as
yet been difcovered upon its difc, confequently nei-
ther its rotation about its axis, nor the pofition of
that axis, can be determined ; yet Mr. Schroeter is
induced, by fome of liis obfervations, to believe that
the period of Mercury’s rotation about its axis is
24 hours and § minutes *, That, according to its
fituation with refpect to the earth and the fun, this
planet muft thew phafes, in great meafure Gmilar
to thofe of the moon, has already been mentioneds
and I think it needs no farther illuftracion. “The
tranfit of Mercury over the difc of the fun does by
no means take place at every revolution of the
planet; for fince its orbit is inclined to the ecliptic
making with it an angle of about feven degrees, and
croffing it at the two nodes, it is evident that the
planct cannot be feen ta pafs over the difc of the

* De La Londe’s Hiftory of Afironomv for 1800,

funy
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fun, unlefs its nodes happens to be in, or fuffici-
ently near, the line which joins the fun and the
€arth,

Venus, vulgarly called the morning or evening
ftar, according as it precedes or follows the apparent
Courfe of the fun, is a very brilliant planet, firuated
between us and Mercury. It has long been doubted
Whether any fpots were really vifible upon its difc ;
And indeed even at prefent it is far from being ulti-
Mately determined. Some aftronomers have per-
Ceived {pots and even mountains upon its difc. Dr.
I‘Ierfche], however, could never fee any fuch ap-
Pearances ; hence he is of opinion, that neither the
TOtation of this planet, nor the pofition of its axis,
Can a5 yet be determined, that it has a confiderable
Mmofphere, and that from its apparent diameter,

€nus feems to be larger, and not as commonly
b‘fliEVed {maller than the earth, The fame obfer-
Vations, which Hdve been made with refpect to the
Phafeg of Mercury, and to its tranfit over the fun,
Muft be ynderftood of Venus alfo.  Thofe tranfits
are of great ufe to aftronomy ; but the tranfic of

*nus being much more ufeful on account princi-
lfaﬂy of its moving flower; no pains have been
Ipared in calculating the times of its taking place,
_Orin obferving it at the actnal time, . * The chief
ufe ¢ Jays Dr. Halley ) of thefe conjunétions, is accu-
r‘“fly to determine the fun’s diftance from the earth,
LIS parallax, which altronomers have in vain at-

tempted
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tempted to find by various other methods; for the
minutenefs of the angles required, eafily eludes the
niceft inftruments.  But'in obferving the ingrefs of
Venus into the fun, and her egrefs from the fame,
the fpace of time between thc‘: moments of the inter=
nal contacts, oblerved to a fecond of time, viz, . of
a fecond of an arch, maybe obt::i:md by the affiftance
of a moderate telefcope, and a pendulum clock, that
is confiftent with itfelf exaétly, for the ipace of 6 ef
8 hours. Now, from two fuch obfervations rightly
made 1n proper places, the diftance of the fum
within a gscoth part may be certainly conclud-
edy”’

Of the earth and moon, enough has already bees
faid in the preceding chapters,

Mars is the planer which comes néxt to the earth
in order from the fun. The appearance of this
planet is by no means {o bright,as that of Venuss
cr even that of Jupiter which isymuch farcher from
the fun. Its colour is fomewhat inclining to red:
The belt or moft recent ebfervations on this plan¢ts
feem to be thofe which have been made by Df*
Her{chel, who cbferved feveral remarkably bright
fpots near each pole of Mars, which {pots feemed
to have a {mall motion *. The refults of his ob”
fervations are that the inclination of the axis of

R S

* Philofophical T'ranfaftions for 1784+
Mars
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Mars to the ecliptic is §¢° 22”5 the node of its axis
I8 in 3 17° 47" ; the obliquity of Mars’s ecliptic is
28°, 407 ; the point Aries on its ecliptic anfwers to
our # 1g°, 28" Its equatorial isto its polar diame-
'r nearly as 16 to 13-

Next to Mars come the two new planets, viz.
the Ceres Ferdinandea, and Pallas, which, on ac-
tOunt of their remarkably fmall fize, Dr. Herfchel
Propofes to diferiminate by the appellation of afte-
"0ids, Nothing particular has as yet been difcovered
Wlth refpet to the appearances of thofe planets.

Chey fometimes appear round and well defined, at
Sther times they appear to be furrounded by a coma
OF hazinefs, the denfity and extent of which feem to
Vary with the ftate of the atmofphere. Itis faid that
e, Schrocter fufpects that the Ceres has two fatel-
s, . This, however, is much in want of confirma-
Ilon

The beautifal planet Jupiter is the next in order.

Vith refpeét to fplen L, ur, this planet yiclds, upon
the Who‘e only to Venus. When viewed through
amlembw good telefcope, fome zones or belts are
*en upon its difc, which run parallel to its equator
i Nearly {b. Thofe belts are of a darker fhade
0 variable in rum ber, in brcadt'lx, and in intenfity;

e I
e they have been generally fuppofed to be af-
lﬁt‘hb‘l

ages of clouds, 1: rl:::’v driven by certain

“’]nl
Cs of IU‘HLU s agmol .} 1ETE, wiich may o blow in

Parg .
icular diretions in different parts of that at-

mofphere,
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mofphere, fomewhat I'ke our equinoctial winds,
or the monfoons. Some large fpots have often
been feen in thofe belts, which have vanifhed with
the contiguous belt. Sometimes the beles are not
continuate, but interrupted or brokén; in which
cafe the broken end fhews, that the belts as well 25
the above-mentioned fpot revolve in the fime timess
but it is remarkable that thofe which are nearer the
poles of the planet revolve fomewhat flower than
thofe which are néar its equator ; but this time of
rotation varies a little, and the time of rotation of
the fame {pot diminifhes®,

According to Schroeter, Jupiter’s totation abouf
its axis is performed in ¢"; §5™, 27°. ‘This rota
tion is much quicker than that of the earth about its
axis; hence the difference between the equatorial
and the polar diameters of Jupiter, is much greatef
in proportion than that which has been found be-
tween the two diameters of the earth; the equato”
rial parts of Jupiter having a very great ce:mifuga]
force. By the beft meafurements, the polar diame”
ter of Jupiter is to its equatorial diameter as 12 t0

Lo L

# Dr. Herfchel, in the year 1788, obferved that the tin°
of revolution of'a certain fpot altered in the followil}g
manner. From February 23, to March 2, it revolved .ul
9", 557, 205 From the 2nd to. the 14th of March, fn'
9" 547 58%; and from the 7th to the r2th of April
g", 517, 35%

13
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13.  The axis of Jupiter is nearly perpendicular to
1ts orbit ; o that upon it the change of feafons muft
be next to nothing,

Jupiter is furrounded by four moons, or fatellites,
of different fizes, which move about it in different
times and different limits of elongation. In confe-
Quence of their different movements, thofe fatellites,
Which can never be feen without a telefcope, are
foung always differently fituated. Fig. 4. Plate
XXVIII. exhibits the ficuation of Jupiter and its
four fatellites on a particular night; and fig. 5,
€xhibits the fame as they would appear to a {petta-
©r fituated in the beavens, perpendicularly over
their orbits. The numbers 1, 2, 3, and 4, denote
the fatellites, and the circles which pafs through
thery in fig. 5, reprefent their orbits; that futellite
Which performs its revolution neareft to the planet h
fing called the firft, the next being called the
Leond, and fo.on.

It is from a variety of appearances, fomewhat
11_“3 thofe of fig. 4, that the knowledge of the real
1ﬂan€:ﬂs, periods, and other particulars relative to
Hofe fatellites, has been derived ; and the principal
Sfervations which have farnifhed it are as follows:
an{;' Each fat'cllitc is fometimes feen on the eaftern,
At other times on the weftern, fide of the planet.
ca;;gr:ateﬁ d'iftance frorTx the primary, at whir.:h
: _lt.Of ther.n is feen, pomts-out. the extent of its
i tor this greateft elongation is as much on one

VoL, 1v, N fide
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fide of the planet as on the other fide. The time
which elapfes between thofe two elongations, is
about half the fatellite’s periodical revolution, or
half the time of its greateft elongation on one fide,
and the nextelongation on the fame fide.

2, Every one of the four fatellites, in going from
the weftern to the ealtern fide of the planet, certainly
goes beyond or behind the planet ; for in that cafe
they are fometimes hid by the planet, and at other

times are feen either above or below it, but never -

over its difc ; whereas in their courfe from the eaftern
to the weftern fide of the planer, thofe fatellites
which paficd behind, now pafs over the difc of the
planet, thofe which pafled above, now pafs below,
and wice verfe ; which evidently proves that they
move round Jupiter in the direction from' the welk

towards the eaft, the fame way that all the planets

move round the fun.

3. “© The paths of the fatellites being reduced 1.

their refpeétive planet’s centre, {fometimes appea’
reftilinear, pafling through that centre, and incline
in a certain dire@ion to its orbit.  Afterwards they
change more and more into ellipfes, during on®
quarter of the planet’s annual revolution ; and all
the fuperior comjunétions are then made adove the
planet’s centre, and the inferior conjunéions 2%
it : during a fecond quarter of the planet’s revold”
tion, thefe ellipfes become narrower, the fatellice®

3 2 : . . at
at¢ nearer the centre in their conjunétions, Elf"f!1
thé
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the end.of a fecond quarter of the revolution, all the
ellipfes are again become right lines with equal in-
clination, but in a contrary direGtion. In the third
Quarter of the revolution, they are formed a-new' --
into ellipfes, the fuperior conjunctions are made
below the centre, and the inferior ones above. Lalftly,
n the fourth quarter of the’ revolution, when the
Planet is returning to the fame point of its orbit,
thefe ellipfes again decreafe in breadth, and all re-
turns to its firft ftate.”

4. « The times of the fuperior and inferior con-
Junctions of the fatellites, being -compared, their
Wtervals are nearly equal to their femi-revolu-
tion,”

In thort, all thofe obfervations prove that the fa-
tllites move all one way, and almoft equably round
thejr primary, in curves that return into themfelves ;
the planer being in one of the diameters of each
“Urve ; that the planes of the orbits of the fatellites
€ inclined to the plane of the orbit of the primaty,
30d each croffes it at two points, called the nodes,
f which one is the afeending, and the other the Je-
frendszg node ; that when the earth happens to be in
the direftion of that line of nodes, then the fatellites
%PPear to move in ftraight lines ; etherwife they
*BPear to move in ellipfes, the planes of which are
Z::Ed with one fide or with the other towards the

b, according as the earth happens to be fitvated
N 2 on
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onone fide or the other of the abave-mentioned line
of nodes *.

Every one of the fatellites of Jupiter, like our
moon, are liable to be eclipfed by pafling through
the (hadow of their primary. Knowing the fituation
of Jupiter with refpe& to the fun, which gives the
direction of its thadow, and the movements of the
fatellite, one may eafily calculate the time of an
eclipfe of that fatellite, In fat, tables of all the
eclipfes of thofe fatellites are annually publifhed in
the Nautical Almanac, and other annual publications
of the like kind.

‘T'he caleulations and obfervations of thofe eclipfes
are not merely matters of ufelefs curiofity ; but they
anfwer a moft ufeful purpofe, which is that of find-
ing the longitude of one place from another on the
furface of the earth, as will be particularly explained
hereafter. Another grand difcovery was originally
deduced by Mr. Roemer from thofe eclipfes, and

W

* It is evident that the motion of the fatellites round
Jupiter is' produced by the fame caufes as that of the planet®
round the fun; viz. they are attratted by the planet, at the
fame time that they are aCuated by an impulfive force which
prevents their falling upon the planet; hence they muft
follow Kepler’s laws; viz. each of them muft deferib®
round the planet areas proportionate to the times; and e
cubes of their mean diftances from the planct muft be as 1€
fquares of their periodical times.

3 has
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has afterwards been confirmed by means of other
obfervations, efpecially thofe made by Dr. Bradley
Upon the fixed ftars ; namely, that lisht moves not
ftantaneoutly, but progreflively, employinga certain
time in going through a certain fpace; viz. it moves
at the rate of almoft. 200000 miles in one fecond
of time ; which was firft determined by obferving,
_ﬂlat when the earth is between the fun and Jupiter,
1 which cafe the earth is neareft to Jupiter, the
eclipfes of the fatellites appear to take place fooner
by about 8  minutes, than they fhould appear ac-
Cording to the calculation as ftated in the tables;
Whereas, when the earth is fartheft from Jupiter, or
When Jupiter is beyond the fun, then the eclipfes of
the fatellites appear to take place about 8% later
than they ought to appear according to calculation ;
therefore light takes up a longer time in percurring
A greater diftance; and, as the difference between
the two diftances of Jupiter from the earth in the
above-mentioned two fituations, is equal to the di-
aMeter of the earth’s orbic, which is equal to about
190000000 miles, we naturally conclude that light
®mploys twice 8 Z, or about 16 £ minutes in per-
CUrring 1 goooooco miles.

The elements, or the periods, diftances, and
Other particulars, relative to Jupiter’s four fatellites,
are ftated in the following table; from which the
“Oufiguration, and the eclipfes of thofe fatellites may
be Calculated. It muft be obferved, however, that

N 3 fuch
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fuch a table requires to be corrected from time to
time, and according as more accurate obfervations
are made; for the motions of thofe fatellites are
fubjeét to irregularities fimilar to, and even greater
than, thofe of our moon ; they being fubjeét to the
fame difturbing caufes, and likewife to their mutual
actions upon each other.
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Saturn comes next to Jupiter in order from the
fun. This planet can hardly be diftinguifhed from 2
fixed ftar by the naked eve ; but when {een through 4
good telefeape, Saturn exhibits a moft fingular ap-
pearance. In fhort, it is furrounded by a thin, flat,
broad, and luminous ring, as is reprefented in fig-
6, Plate XX VIII. which does not touch the body
of the planet; leaving a confiderable fpace all
round. Befides the ring, this planet is furrounded
by feven moons of different fizes, which revolve
about it in different periods; but thofe fatellices
cannot be feen f.vithout a moft powerful tclef-
cope.

Upon the body of Saturn, belts, fimilar to thofe
of Jupiter, but much lefs diftinét, are alfo vifible s
and thofe belts feem to be parallel to the plane of
the ring, and to the planet’s equator, which is in thé
direction of the ring; the diameter of the planet in
that direction, being to the diameter perpendiculaf
to.it, or to its polar diameter, as 11 to 10 nearly
From the motion of fome broken parts of the belts
or fpots, it has been lately determined that Saturft
turns round its axis; like the other planets, in the
direction of the figns, in 10", 162, 2°, nearly.

Saturn’s ring is divided into two parts by a ftrongs
permanent, and well defined dark line 244; and
its outer edge, though very thin, feems howeven
in the opinion of Dr, Herfchel, to be not flat, buf

convex,

The ring in general looks brighter than the bOd);’
of

1
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of the planet itfelf; and from its cafting a ftrong
fhadcw 0 on the planet, it has been naturally con-
J¢%ured to be of a folid pature.  The following di-
Menfions of this double ring of Saturn were deter-
Wined by Dr. Herfchel.

MILES.
Inner diameter of the fmaller ring - = 146345
Outfide diameter of ditter = - =~ = 184393
Inner diamerer of the larger Ting = =~ 190248
Outfide diameter of dizto =« = = = 204883
Breadih of the inmer ring - - - - 20000
Breadth of the outer rng te = ie . 7200
Breadtiy of the vacant {pace, or dark zone 2839

Both the planet and its ring turn round the fame
Ommon avis ; but the ring feems to curn a little
fower ; viz. the ring rurns in its own plane, in 10,
32"> 1¢',2. The fhape of the ring is nearly circu-

; but, in confequence of its oblique fituation,
Whnch is always parallel to itfelf, it appears of an
tlliptica] figure, and this ellipfe appears moft open
When Saturn is go° from the nodes of the ring upon
e orbit of the planet, or when the longitude of
Samrn is about 2%, 17°; and 8%, 17° ~* In fuch a
N * ftuation the minor axis is very nearly equal to

half the major, when the obfervations are reduced
" 10 the fun; ; confequently the plane of the ring
.. Dakes an angle of about 30°, with the orbit of
K Saturn. O, according to fime obfervations, the
E :‘Ch’?auon of the ring to the ecliptic is about 31°,
=29

Since
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Since the oblique pofition of Saturn’s ring re-
mains always parallel to itfelf; or, which is the fame
thing, fince the axis of that.ring, like the axis of the
earth, is always directed towards the fame point in
the heavens ; therefore twice in a faturnian year the
ring' muft be turned with its edge towards the earth,
in which cafe it difappears for a fhort time ; unlefs
it be viewed through a moft powerful telefcope (in-
deed I may fay, unlefs it be viewed through Dr.
Herfchel’s g4o-feet telefcope) ; for through it the
edge of the ring appears like a very flender ray of
light paffing acrofs the dife of Saturn*. It is evi-
dent that as Saturn moves and recedes fiom one of
thofe limits in which the ring is turned edgewife to-
wards the fun, fo one fide or furface of the ring be-
comes illumined by the fun at the fame time that
the other furface is in the dark ; and when Satur®
has pafled the other limit, then the latter furface of
the ring becomes illumined, and the former is de-
prived of light.

The fatellites of Saturn have not as yet proved 0
ufeful to aftronomy or geography as thofe of Jupi~
ter; principally becaufe they cannot be feen unleff'
very powerful telefcopes be ufed. Five of thof

~— = e

. ne
*  According to Dr. Mafkelyne, the plane of the I*”;
¢ pafled through the earth on January 29, 17g0; the eart
“ paffing from the northern, or dark, to the fouthern or €8
F ’ a o
¢ lightened fide of the ring; the ring, therefore, then b
“ came vifible, and will continue fo till 1803.”

-

fatellites
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fatéliites were difcovered in the year 1685, by Caf-
i ang Huygens, who ufed telelcopes confifting
* two fimple lenfes, but upwards of 100 feet in
r?%thf and thofe: were called 1, 2d, 3d, &c.
®Roning from the planer. T'wo others were dif-
Overed by Dr. Herfchel in the years 1787 and
788, and thefe are fmaller and nearer to' the
ma“fft, on which account they ought to have been
Slled the frft and fecond, at the fame time that
¢ other five ought to have been called 2d, ath,
ii};ﬁﬂ} and 7th 3 but, imapining that this might
%ate fome confufion in the reading of old aftrono-
T;:‘:l] boa!qs? the ‘ﬁvc old_ fatellites have been fuf-
ey ;0 rc_cam their numerical names, and the two
atellites are now called the 6th and the 7th;
:;that the 7th is the neareft to the_p?aner, then
Mes the 6th, then the ift; and thisis followed
¥ the ad, 3d, 4th, and sth.
he inclinations of the orbits of the 1ft, 2d, 3d,
nn 4th fatellites, to the ecliptic, are from 30° to
:e'f Tl}at of the 5§h is from 17° ta 18°% Ofall
: a;ﬁllites of the folar ﬁj&cm, none, except the
"011-? hSaturn‘, has bee-n obferved r:o hav‘c any f‘pa.ts,
r“undt- € motion <_3f' wblch the rotatm_n of the fate]h’tc
5 facl[s own a‘.XIS might be determined. j["hr:n the
ellite of Saturn, as Dr. Herfchel has difcovered,
:S ll‘éuxld its own axi's; and it is remalrkablf,
& at:,hy 11.\6 our moon., it revo.lves round 1ts a)%m
Timawm the fame time that it revolves round its

The
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The following table flates the particulars whicB
have been afcertained with refpet to the fatellites of
Saturn.  Speaking of the fatellites of Saturn, WE
might have added, that they are retained in their 0
bits by the attraGion of their primary ; that thef
act upon each other, that their periods and oth¢!
Particulars are found by the means of peculiar o
fervations, &c. but having faid enough with ree
fpect to thofe particulars in our account of Jup®
piter’s {atellites, it will be fufficient in this place ©
fay, that all the remarks which have been made with
refpect to the fatellites of Jupiter, are alfo appﬁ‘
cable, with few obvious alterations, to the farellites
of Saturn,

|

l
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190 Of the Nature,E¢. of the Sun and Planets.
The Georgium Sidus, with its fix fatellites, have
been entirclydifcovered by Dr. Herfchel. T he planet
itfelf may be feen with almoft any telefcope, but it8
fatellites cannot be perceived without the moft po*
erful inftruments, and the concurrence of all other
favourable circumftances. One of thofe fatellites DI*
Herfchel found to revolve round its primary in 35
1 7". 1%, 1¢*; the period of another he found to be 13
11° 5" 1°,5. ‘The apparent diftance of the formef
from the planet is 33”.; that of the fecond 44 +*
Their orbits are nearly . perpendicular to the plané

“of the ecliptic.
The other four farellites were difcovered a confi-

derable time after, and of courfe Dr. Herfchel ha
had lefs time to make obfervations upon them. TheYf
are altogether very minute objets; fo that the fol*
lowing particulars muft be confidered as being not
accurate but probable. « Admitting the diftanc®
< of the interior fatellite to be 2¢%,5, its periodi‘
¢ cal revolution will be g% a1® 257

« IFf the intermediate fatellite be placed at 4%
¢ equal diftance between the two old fatellies,
“ at 38",57, its period will be 10?, 24" 4m ThE
« neareﬁ exterior fatellite is about double the dif-
« rance of the fartheft old one ; its periodical tim®
¢ will therefore be about 38% 1" 49®. The mo
« diftant fatellite is full four times as far from the
« planet as the old fecond fatellite; it will therefor®
¢« take at lealt 1077, 16", 40™, to complete one T¢”
¢ volution. All thefe fatellites perform their revo”
¢ Jutions in their orbits contrary to the order of the
« figns; that is, their real motion is retrograde.”
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CHAP IX.

©OF COMETS.

OMTE other celeftial bodies feem likewife

to revolve about the fun; but they differ
ffom the pine planets that have been already de-
[Cribed, principally in the following particulars :
% The curves which they defcribe round the fun
B2 focus, if they do return into themfelves, as is
Toft probable, are elhpies fo very eccentric, that
Y 6f thofe bodies is only vifible to us whillt it
pe"ﬁllls that part of its orbit which is in the vicinity
Of the fun ; but during the much greater part of its
urfe, it is quite invifible to us. 2. Their periodi-
4l times are fo very long, and difficult to be afcer-
Bined, that ic hardly falls to the lot of onc man to
_Ee the fame body return twice to the ntighbour-
;;’td Of. the 1.'un ; and evcr{ then it would be diffi-
o identify it. 3. Their fhapes are neither well
®fined nor conftant; but moft of thofe bodies are
‘Urounded by an indefinite faint light, a tail, a hairy
Madiation, or coma ; from which they have been de-

hio :
; Minated ¢omers, They are likewifc vulgarly called
1421,‘::: ﬁﬂ "5

Vv‘_c‘
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We are utterly ignorant of the number and of the
ufe of comets in the fabric of the world.

The number of comet: that have been feen and
are recorded, is very greac®. Bur a vait number
muft have efcaped notice; for there are feveral
comets fo very fmall as to be vifible unly through
telefcopes, and fuch have frequently been feen of
late years, when particular actenticn has been p:lid
to the fubject

With refpect to the nature and the ufe of cometss
various opinions have been entertained by different
great and learned philofophers 5 but as nothing very
probable has been advanced, I fhali refer thofe whe
wifh to examine {uch opinions to the works of othef
authors +.

The apparent motion of comets, like that of alk
other celeftial bodies, is from the eaft, towards the
weft, which arifes from the diurnal rotation of the
earth in the contrary direction. But comnets have
proper and peculiar motion, each different fro™
the others, and this motion is determined by traci®g
the fituation of a comet with refpe@ to the fised

ftars.
__/

* Riccioli reckons 154, until the year 1651, But LY
bienietz reckons 415 until the year 1663, :
©t Pliny, lib. 1L chap. 25. Arift. Adeteor. lib, 6. Plutar®

de plac. Phil. Aulus Gellius. Seneca, lib. VII. Riccioll
Aim. 11, 35. De la Lande’s Aftronomy, book XIX. '\‘-'w‘
tort’s Principia, book Ill. Vinge’s Aftronomys, (:rcgof)’
Aftronomy, chap, XXI, :

Some
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Some comets perform their proper movements
from the weft towards the eaft, which is the direc-
Fioﬂ followed by all the planets. But others move
0 the contrary direttion, viz. from the eaft to-
Wards the weft. Some of them move in the plane
of the ecliptic, or within the zodiac; whilft others
80 in different directions, even perpendicular to the
Plane of the ecliptic.

Upon the whole, it appears that every comet
Moves in a particular curve which has the fun inits
fbcus; that it moves fo as to defcribe round the
fun aregs proportionate to the times; and that the
Qurye appears to be an exceedingly excentric ellipfis;
W!ﬁch clearly indicates that the comets are retained
Within certain limits by the fame general law. of na-
Wre, the univerfal gravitation of matter; that they
Mt be actuated by an impulfive force, which pre-
Yents their falling towards the common centre of at-
"aion, and that therefore they move in orbits like

¢ planetary orbits, only much more- excentric.
Stit muft be confidered, that fince we fee a comet
Qr_ﬂy during a very fmall part of its periodical courfe,
M which {mall part we muft calculate and deter=

'ne the whole orbit and the periodical time, every
Mall error committed in the obfervations of that
r:}?lll]tpa; t, produces a confiderable dif"!’eru.::nce in the
iy bO the whole nor can tht‘ quantity of that
ervati; .eaﬁly verzhcd.and correi.lm‘l by future ob-

ns; firft, becaufe the period or the return

a .
€Oomet is very long ; and ficondly, becaufe the
VQL- Iv,

(8] comet

==

=

———
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comet itfelf cannot be identified. Indeed, the only
reafon altronomers have for faying that a certaift
comet has returned two or three or more times, 5
that when the period of a comet.has been deter-
mined from the obfervation of that fmall portion of
its orbit, which comes within the reach of obferva~
tion ; if after the lapfe of that period a comet ap=
pears about the fame part of the heavens, they con*
clude that it probably is the fame comet, NoOt
above fi% or feven comets, amongft all thofe whicl
have been feen, have as yet been calculated with
accuracy {ufficient to render their period tolerably
well known, which fhews that the fubje® is ftill i
its infancy, and a vaft number of farther obferva®
tions 1s ftill wanted for the purpofe of generalizing
and correQing the theory. But the opportuniti®
for making fuch obfervations feldom oceur ; theré
fore the progrefs of knowledge, relative to comet®
has been but flow. The wifeft ancient philofophe™
confidered the comets as periodical celeftial bodi€
Sir Ifaac Newton concluded, that they might ¢
fcribe very excentric ellipfes, and might re- -apped’

atevery revolution. Dr. Halley verified this gra®

idea, by actual calculations upon the obfervations ©
feveral comets. It is fuppofed that it was the fam®

comet which appeared in the yeats 1456, 153"
1607, 1682, and 1759 ; fo that this comet’s pe
is about 7§ years. Another comet, which was £
in the year 1532, is fuppofed to be the fame *
was feen in the year 1661, and was expetred 2P
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the year 1789 or 1790; but did not appear. -~ Ac-
Sording to Halley, the great comet of the year 1680
S to re-appear in the year 2254 ; and is fuppofed to

¢ the fame that appeared at the time of Czfar, and
tl?it appeared alfo in 219 and 2349 before our Sa-
Viour’s birth*,

Even fuppofing that the period of a comet could
1_’*-‘ Calculated with fufficient accuracy ; yet, confider-
g the various taufes which muft difturb the regular
Motion of that comet, we may eafily imagine that
the rerurn of that comet may thereby be fhortened
bf' ltngthened, or diverted, to fuch a degree as to
Sive it the appearance of a different comet. In con-
quence of the excentricity of their orbits, the
c‘oﬂlets muft in their courfes crofs each other, and

Ewife crofs the planetary orbits; hence they may
Ome very near one another, or fo very near any
o the planets, as to difturb their motion, and even
235 to firike againft and defiroy any of them. In-

*¢d, from fuch an ation, it is not improbable that
¢ Path of a comet may be changed into a parabola,

\_;

L 3 .. "
Several of thofe who with to account for the deluge
Pon the agency of natural caufes, attribute that great con~

}'ulﬁcn to the near approach of that comet to the earth; for

€ attraction of the moon alone is capable to raife confi~
Frable tides, the near approach of a bedy fo much larger
an' the moon, muft alt with vaftly greater force. See
hifton’s New T heory of the Earth ; and De la Lande’s

eflos; i
Hexions Jur le Cometé, Paris 1773«
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or fome other curve, and thus the comet may never
return again, As for the mefho{ of computation of
the orbizs of comets, I muft refer the inc genious rea
der to other works * ; bm: I fhall only mention in
this place, that the paths 6f comets have often been
faid to be parabolical, and have been calculated upon
that principle, not becaufe they are really o ; for if
théy were p:u';zbc-isc;al they could not return int@
themielves ; hence the comets would continue for
€VEr to rfr_{isic from the fun; but becaule the pro-
perties of a parabolical curve are c"lcu'html with
much greater eafe and expedition than thofe of ab
elliptical curve ; and at the fame time the nature of
a parabola is o very near the nature of a vaftly ec
centric ellipfis, that the refult of the calculation upoB
either of them is nearly the fame.

The times during which comets remain in .'-’Q!”
are various, but they hardly ever exceed fix months
and fome comets have not been feen for mor®
than a few nights.  Of thofe which have remaincd

- o

% See the Third Book of Newton’s Princi ipid. De la
R

Lande’s Aftronomy, B. XIX. Vince’s _f“aﬁm:;cmy, Clar

o~ P v . N 7 b I [
vaut’s Theor. du Movem. des Cometés. )" Alembert’s Qpales

Mathem. tom. II. Gregory’s Aftron. chap, XXI. whic?

15 2 concife and fatisfaltory Diflertation on Comets : all

Bode’s Papers on the Orhits of P lancts and Comets, in the
Memoirs of the Berlin J\;C'ld(‘.wl"l}, from 1786 to 17879
and Sir Henry Englefield’s Work on the Orbits of

LH'““‘L:.
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in fight for fix months togethér, one is faid to have
Appeared in the year 64, at the time of Nero; ano-
ther appeared about the' year 603, at the time of
ahomet; a third comet of that continuance was
feen in 1240, at the time of the irruption of Tamer-
?anei a fourth appeared in 1729, which remained
N fight from July the 31ft, 1729, to the 21ft of
anuary, 1730. Comets that have appeared for
fhorter periods are recorded by feveral writers and
Particularly by Riccioli.

The proper movements of comets are alfo dif-
frent from each other, and very variable with re-
et to the fame comer. From the nature of
Plaﬂetary orbits in general, it is caly to conceive that
% the comets defcend towards the fun, fo they muft
Qicken their pace, until they reach the perihelion,
a_&tl‘ which limit, they flacken their pace, and con-
U_nuﬁ‘ to do fo in proportion as they recede from the
YICinity of the fun. When they are going off, and
nea';]}, vanifhing, they fometimes move fo very

O%ly as to be hardly difcernable amongft the ftars.
. JEfome comets have been obferved to move with
Weredible quicknefs. The comet which appeared
R 1472, paffed through 120° in one day. The
Comer of 1760, altered its longitude by 411° in
One day- The. comet of 1664, moved 164° in
17 days, ge.

Were the comets near the earth, the above-

Ment; . ;
ftioned quick movements would not excite any
wOﬂdCi‘;

but when we confider their pmdigions
03 diftances,
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diftances, which in general far exceed the diftances

of the moft remote planets, we cannot but be afto=

nithed at the wonderful velocity with which they

muft move. Another fource of inequality in the

apparent motion of comets, arifes from the motiont

of the earth, the effe& of which muft vary accord-

ing to the direttion both of the earth and of the

comet.

That the comets are at moft aftonithing diftances
from us, is derived from their having little or 00
parallax ; viz. when they are viewed from different
parts of the furface of the earth, and are referred t0
the fixed ftars, they appear to fland ac the vet¥
{fame point of the heavens, or nearly fo; which
would not be obferved if they were even withi®
double the diftance of the Georgian planet. [ (hall
render this more intelligible by means of a diagrar®
or two. :

Let ABG, fig. 7, Plate XXVIIL be the eartlty
and D a comet. Then, if the comet D be fec?
from the centre T of the earth, or in that dire®
tion, viz, from O; the place of that comet I
ferred to the fixed ftars, will appear at G; but
when [een from the furface of the earth or place A,’
the fame comet will appear at E. The formes ¥
called the comet’s true place, and the latter its apP®
rent place. Now the diftance GE between the rtP
and the apparent places, is called the paraliox of chat
comet. By infpecting the figure, it will be eallly
comprehended, that the farther the comet Disfr “’;
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the earth, the fmaller will the diftance GE be, and
Vice Verfa therefore, when that diftance or parallax
5 little or nothing, the diftance of the comet is
Pmdigiouﬂ}r great; nor can we alfign the quantity
Of it. The nature of parallaxes will be better ¢x~
Plained hereafter.

The precife place of a comet at any particular
tme of its appearance, may be determined by mea-
ﬁ‘ring its diftance from any two contiguous fixed
ftars ; and that place may be marked upon a pla-
Nifphere or globe : thus its different fruations in
Giferent times during its appearance, may be mark-
&d down, and a line drawn through thofe points will
Yeprefent the track of the comet. The above-
_ Mentjoned diftances muft be taken by means ofa
Quadrant, or a micrometer 3 but even without any

fuch infiruments, and merely by the ufe of a thread,
We may find out whether a comet have any pa-
fallax, as alfo afcertain its place. A comet, when
Wt going out of fight, moyes fo flowly as not
to change its place fenfibly in a few hours time. In
this cafe therefore let the fituation of the comet be
Obferved twice during the fame night, viz. once
When it ftands very high above the horizon, and
Aother time when it ftands nearthe horizon, which
AMounts 1o the fame thing as to obierve it from two
different places at.the fame time. Then if the comet
-0 both obfervations appears to retain the fame

ftvation with refpect to the ftars, we may conclude
that it has no fenfible parallax, ~The fimpie way of
0 4 f’]dﬂg
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finding the fituation of the comet for this purpofés
is to hold a thread with your two hands, and ex-
tending it between you and the comet, to move it bY
trial until it covers two contiguous ftars, at the fame
time that it pafles through the comet ; which fhews
that the comet is in the direction of the two fars
&c. 1If the place of the comet be required more
accurately for the purpofe of delineating its tracks
you muft obferve once every night, or oftener, by
means of a thread, the fituation of the comet, with
refpect to four ftars, fuch as are contigudus to its
and are marked ‘upon a celeftial globe or plani-
fphere; for by this means you may every time
make'a dot at the precife place upon the globe, and
afterwards, by joining thofe points with a line, you
will have the track of the comet. Thus ler the
comet be at A, fig. 8, Plate XXVIIL between the
four ftars, B, C, D, E ; fo that the line joining the
ftars B, D, may pafs through the comet; and
{o may alfo be the cafe with the line which joins the
ftars C and E. Then if you extend a thread, Of
place the edge of a piece of paper through the ftars
C and E, upon a globe or planifphere, where fuch
ftars are marked, and extend another thread through
the ftars B and E; the interfe@ion of the w0
threads will point out the place A of the comet
upon the globe, ‘or planif phere, where a mark

may be made, &c. 2
Nothing certain can be fid with refpedt to the
diftances
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diftances of comets. Moft of them move entircly
beyﬁnd the planetary orbits, but fome comets have
defcended below Mars, and 1t is faid even below
the orbics of the inferior planets.

The figures and fizes of comets vary conflidera-
b]}', and even the fame comer alters its figure in
the courle of a few days. Some comets feem to be
nothing more than a congeries of vapours ill defined,
Tranfparent throughout, and reflefting very little
“ghc. Others are of a fimilar nature, excepting that
& denfer fubftance more opaque, commonly called
itucleys, is feen within the rare or vapour-like fub-
flance.  Almoft all comets are furrounded by denfe
dtmofpheres, which partly reflect the fun’s light,
and ar the fame time prevent that light's falling in a
Confiderable quantity upon the nucleus, or what may

¢ confidered to be folid part of the comet; fo
that the folid part, or nucleus, though brighter
than the furrounding part, is, however, not {o
bright as Jupiter, or as part of the moon. But the
Fightnefs of a comet changes according as it re-
Cedes from, or approaches, the fun; and at the
fame time ic puts forth certain elongations of lumi-
Nous marcer, which have been called &eaids, or
€omas, bair, or. tails, according to their different
Pofitions and appearances ; fer thofe elongations
fometimes are very fhort and hardly vifible, whereas
4t other times they are extended to a prodigious
dﬂ%"ﬁes and it is remarkable that this luminous

elonga-
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elongation or tail, is always directed from the fur,
as is thewn in fig. 9, Plate XXVIII, where the
comet A is reprefented as it appeared fucceffively
in two different parts of its progrefs round the fun
S. When the comet is eaftward of the fun, and
moves from the fun, it is faid to be deqrdids
becaufe the .luminous elongation goes before it
When the comet is weftward of the fun, and fets
after him, it is then faid to have a #si/, becaufé
the luminous elongation follows it; and when the
earth happens to be directly between the {un and
the comet, then the train of light is hid behind
the body of the comet, and a lictle of-it only i8
feen on the fdes of the comet, which is thereby
faid to have a coma or hairy appearance,

“ The tail of a comet, at its firlt appearancé
is very fhort, and increafes as the comet ap-
proaches towards the fun; immediately after its
perihelion the tail is longeft, and moft luminous:
and is then generally obferved to be fomewhar bents
and to be convex towards thofe parts to which the
comet is moving ; the convex fide being rather
brighter and better defined than the concave fide:
When the tail arrives at its greateft length, it
then- quickly decreafes, and foon wanithes S
tirely 5 and about the fame time the comet iti-ﬁ![
ceafes to-be feen, The matter of which the taik
is formed is exceedingly rare, and fo very pel
lucid, that the light of the fmalleft ftars fuffers 19

3 diminugion
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diminution in pafling through it, as is remark-
€ by Newton in his Prindpia, lib. IIL. prop.
41.”
The fplendour of comets increafes in proportion
as they approach the fun, though at the fame time
their diameters, in confequence of their receding
from the earth, may appear to diminifh,
The fizes of the bodies of comets, as well as of
their tails, is fo wvarious, as that fome of them
Cannut be feen without a telefcope, whillt others
have even equalled the difc of the fun; and fuch
Was that which Seneca relates to have appeared

3t the time of the emperor Nero. The comet
Which Hevelius obferved in the year 1652, feemed
0 equal the apparent fize of the moon, but it
had 5 pale, dim, and difmal afpect. - Several
COmets have been feen, whofe apparent fize ex-
Ceeded more than four times the difc of Jupicer
Or of Venus.

The tails of comets are, in general, more ex-
Panded and lefs denfe, in proportion as they re-
Cede from the bodies of the comets. The comet
Of the year 1744, had the luminous elongation,
Domewhat liks 2 fan, divided into various branches.
?he extenfion of the tails of comets is fome-
times aftonithingly great. They have often been
Obferved to extend more than go°, or even half a

Circle ; whence it has been calculated that their
feal lengths muft exceed 6o or So millions of
miltS.
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miles. It is remarkable that the tail of the fame

~ comet, obferved at the fame time, appears of dif-

ferent lengths from different parts of the eartl's
furface, and it appears longelt from thofe places
which have a lower latitude, which probably arifes
from the fuperior clearnefs and ferenity of the fky
1 thofe places.

Whether the tails of comets be a train of puré
light or of vapours, or of fomething electrical;
fimilar to the eurora barealis, is impoffible to be
decided ; but it appears that both the increafe of
iplendour of a comet, and the appearance of a taily
are derived from the fun.

« The great comer which appeared in the
“ year 1680, after its Heparture from the peri-
belion, projected fuch a tail as extended itft'lf
“ more than 40° in the heavens; nor can this
* be a wonder ; for it was {o near the fun, that
“ its diftance from his furfice at the perikelion
was but a fixth part of the diameter of the
“ fun’s body; and therefore the fun feen from
“ the body of the comet, would appear to fill
the greateft part of the heavens, and its appa-
“ rent diameter would not be lefs than 120°;
“ and therefore the hear it received from thence
muft be prodigioufly intenfe beyond imagina-

af

L1
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“ tion; for it exceeded above 3000 times the
 heat of red-hot iron. And therefore we muft
* allow, that the bodies of comets, which can
¢« peal
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Of Com
bear fo great a heat, muft be very denfe, hard,
and durable bodies ; for if they were notling
f¢ 5 : s e, )

but vapours and exhalations, raifed. from the
€ 1 - 1 1 ' l = o =)
earth and planets, as fome have dreamt, this
133 £ % . -
Comet, at 1o near an a}':prc-;‘.a;h to-the {un, mui
€t

leftroyed and dif]

hive been quite

4

Keill's Introduttion to Aftronomy, Left. XVIIL




OF THE FIXED STARS.

ESIDES the planets both primary and fé-

condary, and the comets which are feen at un=
certain times, all the other lucid and brilliant ob-
je€ts, which, during the abfence of the {on, we
perceive in the heavens, are the fixed fars, fo cailed
from their preferving, as far as we know, theif
fituations with refpect to each other, without any
deviation.

The fixed ftars appear to our eyes of different
fizes; but it is not in our power to fay, whethef
that difference arifes from their real difference of
fize, or from their being at different diftances, OF
from both thofe caufes conjointly. The gradatiol
of apparent fize from the largeft to the fmallef
flars, is great and indefinite; yet for the ufe of d€”
{cription and diferimination, aftronomers diftinguill
them into fix, or more, orders, which naturally arc
of a vague and indefinite nature ; calling the Jargeft
of them fars of the firfp magnitude ; the nexc, fars ¥
the fecond magnitude, and fo forth. 'The ftars of [.he
fixth magnitude are thofe which can barely be dif-
tinguiihe
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tinguithed by the naked eye. Thofe which can only
be feen by the help of the telefcope, are called fe-
befcopic JRars. L

Several of the brighteft and moft remarkable
fars” are diftinguifhed by peculiar names ; but the
difficulty of difcriminating the particular fituations
of them all, even of thofe that have peculiar names,
fugoeted an expedient which has been adopted
from the remoteft antiquity, and has been followed
and improved in fubfequent periods. By this tme-
thod the ftars are fuppofed to be, as they appear, in
the concave furfice of a fphere, upon which the
figures of men, beafts, and other objects, are fup-
Pofed to be delineated ; then the fituation of cach
ftar is deferibed by faying, that it is near the tall of
A Certajn fith, in the bull’s eye, jult over the fhoulder
of Hercules, &c.

The ideal delineations of thofe figures of animals,
d other objedts, which are called conffellations, or
“ﬂi‘?‘yim, are difperfed all over the heavens, and a2
Particular fituation is affigned to each, as may be
®en upon a common celeftial globe, or upon a
pla“ifphere; yet fome fpaces remained here and
there, which were out of the bounds of the conti-
8Uous cornftellations. The ftars which were con=
tined in thofe places, were called unfurmed flars ;
Ut moft of them are now comprehended into con-

“llations newly adopted. ,

It is impofible to fay what fuggefted the idea of
ad"Pting each particular conftellation ; but as far as

cah
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can_be conjeftured from the dark documents of
hiftory, of tradition, and of fable, they feem 10
have been dérived from different caufes, fuch as
from the rainy feafon, which ufually came on when
a certain affemblage of ftars appeared above the
horizon ; from the refemblance, however imper~
fed, of certain groups of ftars to particular objeftss
from the defire of recording fome remarkable
event, or of paying homage to fome diftinguifhed
perfon, &c.

Thus, by mentioning the particular conftellation
to which each belongs, the ftars may be pretty
nearly, though by no means accurately, defcribed 5
and this probably was the only mode of defcribing
the fituations of the ftars during feveral centuries 5
but at the revival of learning and fcience, when
particular attention began to be paid to aftronomy»
the above-mentioned indeterminate mode was gras
duﬁlly improved by the particular defcription of the
ftars’ apparent magnitude, by annexing a Greek
letter, or.a Roman letter, or a number, to each ftal
and by forming catalogues of their right afcenfion®
and declinations ; by which means each particulaf
ftar may be readily and accurately known *,

The

¥ The moft accurate method of deflcribing the brighmfis
or magnitudes of the ftars, is undoubtedly that which Dre
Herlchel has adopted in his excellent catalogues of the
“omparative brightnefs of the fixed ftars, the firft of which
catalogue®
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The following lift contains the names of the con~
ftellations, the number of ftars, as far as thofe of the
fixth magnitude, that are contained in each con-
ﬂﬁiiation, as alfo the names and magpitudes of
thofe more remarkable ftars of the annexed con-

ftellations, to which particular names have been
Eiver,

Qala]ugzw: is pub—liﬂ\ed in the Philofophical Tranfactions for
1766, The others in the following volumes.

This method is to refer a given ftar to two other flars,
Olie of which is fomewhat brighter, and the other fomewhar
ey bright than the given one. © T place; (e fays) each
v ﬂﬂr, inftead of giving its magnitude, intoa fhort feries,
* conftrudted upon the order of brightvels of the neareft
: Proper ftars.  For inftance, to cxprefs the luftre of
D, | fay CDE. By this fhort notatian, inftead of re-

fﬂl‘ling the ftar D to an imaginary uncertain ftandard, I

€«
&«

P ; : ik
Tefer it to a precife and determinate exifting one. Cis

a flar that has a greater luftre than D 5 and E is another
of lefs brightnefs than D, Both Cand E are neighbour-
i"—[{ ftars, chafen in fuch a manner that I may fee them at
the fame time with D, and therefore may be able to
Compare them properly. The luftre of C is in the fame
Manner afcertained by BCD; that of B by ABC; and

Ao the brightnefs of E by DEF ; and that of F by
EFG.»:

143
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CONSTELLATIONS OF THE ZODIAC.

Nsmcs.rrf Nu:?;lhml Names of principal Stars, and their
Conftellations. Stares Magnitudes.
Aries -~ - -| 66
Taurus - -|140 [Aldebaran- - - - 1
tGemini - - | 85 |Caftor and Pollux - 1.2
Cancer - ~| 83
Leo - - -| 95 |Regulus - = 1
Virgo -~ -|110 |Spica Virgihis = I
Libra - = «| 51 |Zubenifch Mali - 2
Scorpior - - | 44 {Antares - - I
Sagitcarius - | 69
Capitcornus - | 31
Aquarius, and | 108 |Scheat - - 3
{Pilces - - -|112

Names of
Conftellations,

Conftellations on the North Side of the Zodiac.

Names of principal Stars, and their
Magnitudes.

Urfa minor -
Urfa major
Caffiopeia. -

Perfeus - -
Auriga - -
Bootes © - -
Draco -~ -

Cepheus - -
Canes Vena-
ticl, viz.

Afterian and
Chara = -
Cor Caroli -
Triangulum -

25

10

Stella poleris -~ = 2
Dubhe - - - I
Algenib - 2
Capella - . 1
Arcturus - - 1
Raftaber - - 3
Alderamin - - 3

Conftellation®

il
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Conftellations on the North Side of the Zodiac.

lNl;m}}"l
- Sf‘i’:ﬁ.
Triapgmmn
minug - =~ -~ 5
Mufca - -« - 6
Lynx - - - -] 44
Leo minor - -| 2 2
Coma Berenicis -| 40
Cﬂmc]opzm!alus -1 58
Mons Menclaus -| 11
Corona Borealis -| 21
NETDERS '~ - - o
Scutum Sobielki 8
erculus, cum
Ramo et
Cerbero - -|113 {Ras Algiatha <« 3
Crpentarius five ‘4
Ophiuchus - -| 67 |Ras Alhagus - 3
aurus Ponia-
towfki - | 7
yra . « -| 22 (Vega - - I
ulpecula et
Anfer - -1 37
aoity - -| 18
ﬂquila - -| 40 [Altair - - 1
Jelphinus - -1 18
¥gnus - -| 73 |Deneb Adige -~ I
Equulcus - -} 10
-acerta . - -| 16
€gafus . -| 85 [Markab - - 2
Ndromeda - -| 66 |Almaac - - 2
\__‘_

P2 Conftellations
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Conitellations on the South Side of the Zodiac.
Numes of i Names of principal Stars, aand their
by Confteliations: S-'[:'s. Magnitudes,
Pheenix - - -] 13
Officina feulptoria| 12
. Eridanus - . -| 76 [Achernar - - i
i Hydrus - - -| 10
Cetus- - - -| 80 |Menekar - - )
Fornax Chemica-| 14
Horologium -  -| 12
Reticulus Rhom-
boidalis - -| 10
Xiphias R i S
Celapraxitellis -| 16
Lepus - = - -| 19
ColumbaNoachi-| 10
Orion- - - -| 78 |Betelguefe - - 1 .
Argo Navis - -| go C;Lnoéus = - I
Canis major - -| 30 |Sirius - - t
Equuleus Pifto-
[ EE R (S
Monoceros - -| 31
Canis minor - -| 14 |Procyon - -
Chamelean - -] 10
Pixis Nautica- -| 4
Pilcis Volans - -{ ¢
Hydra- - - -} 6o [Cor Hydr® - 1
Sextans - =~ | 4
Robur Carolinum| 12
Machina Pneuma-
tica- - - -| 2
Crater -. = - -| 11 [Alkes = - 3
Corvus - - -| g |Algorab - - 3
Crofiers - - - @6

Cm‘lﬂ'cl:ﬂdoﬂs
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Conftellations on the South Side of the Zodiac.
Names of Nu::-;"ﬂcr Names of principal Stars, and their
Conftellations. B Magnitudes.
o P e WY
Apis Indica - -| 11
Circinus - - - 4
Centaurus- - - 3
I..L:Pua - - -l 24
Quadra Luchd:s -l 12
Tnangulum Au-
ftrale - - -] %
Ara - - -9
Te}efcopium - - 9
(iorona Aufkralis -| 12
VD = = o o= 14
Intluc gyl bRl _
lcxofcopmm -| 10 i
Otans Hadleia- :
nus - - - -| 43
'GI'US - - = = 14
I"Ouczn - e 9
E[:C_'IiAuFtralis -| 20 haut =" =3

The whole number of ftars, as reckoned in the
prec“:dinn lifts, amounts to 3186. But the naked
€¥e can feldom diftinguith a third part of that num-
®; in more favourable climates fome perfons

€¥es can diftinguith more ftars, in certain conftella-
tios, than thofe which haye been ftated in the lifts.
11:3120t attempt to add how many ftars of one mag-
or of another are to be found in each con-

ftella
lation, as this cannot be determined with pre-
Cifion,

? 3 Befides
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Befides the feparate ftars, a fharp eye in a clear
night may obferve a few whitifh fpots called weduies
but a moft remarkable broad and much extended
whitith track may be obferved at all times in the
heavens. This is called, from its whitenefs, the
galaxy, wvia laftea, or milky way. This remarkable
zone is irregularly extended, and varies in breadth
from 4°to 20° It paffes through Calfiopeia, Per-
feus, Auriga, the foot of Gemini, Orion’s Club, part
of Monoceros, the tail of Canis major, through
Argo Navis, Robur Carolinum, Crux, and the feet
of the Centaur: beyond which it divides into tw0
parts ; its eaftern branch paffes through Ara, the
tai] of Scorpio, the eaftern foot of Serpentarius, the
bow of Sagittarius, Scutum Scbiefcianum, the feet
of Antinous and Cygnus. Its weftern branch pafles
throﬁgh the upper part of the tail of Scorpio, the
right of Serpentarius and Cygnus, and ends i
Caffiopeia.

Such are the objects which may be difcerned bY
the naked eye in the region of the fixed ftars; bub
by the affiftance of the telefcope, the number, the
beauty, and the variety of wonderful objects is ii”
creafed to an aftonifhing degree; and much more
fo.in proportticn to the power of the telefcope. A
immenfe quantity of new flars is difcovered. Sevel:
ftars, which appear as fingle ftars to the naked €y
and even through ordinary telefcopes, when vieW¢
with higher powers, appear to be double, or trebls

- o 1, e
or quadruple, &c. viz. are found to be two o Lhre ;
0
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Or more {tars, fo near to one another as to appear,
through ordinary telefcopes, as a fingle ftar *. They
ate alfo moftly found to have. peculiar colours, or
tints, fo that one ftar will be of a greenifh tint,
another of a reddifh, or bluith, &c.t. The num-
.bt‘rs of nebule that can be difcovered by the affif-
lance of a powerful telefcope, amounts to fome
thoufands +. The via latea, and feveral of the ne-
bul;E, are found to confift of an aftonifhing number
of apparently fmall ftars, fituated very clofe to each
Sther; fo-much fo, that in a fmall part (as of about
Onie degree in diameter) of fome of thofe nebule,
Ot of the via laftea, there appears to be a greater
Mimber of ftars than can be feen by the naked eye in
- the whole celeftial {phere.

It is remarkable that though the ftars appear
Vaftly to differ from one another in apparent gran-
deur, a5 they certainly doin point of brilliancy ; yet
e apparent diameter cannot be meafured; for they
always look like incommenfurable points; and if
When viewed through certain telefcopes, they feem to
have o fenfible diameter; that effe@ arifes from
fome imperfection of the telefcope, fince it increafes

SENUN paey

% : :
; « Herculis; & Lyre; = Geminorum; y Androme-
23 Cygni; and a great many more, are double ftars;
“ Dyra, is treble; » Orionis, is quadruple, &c. &c.
; T Sec Herfchel’s catalogues of double ftars and nebule
in the T S

e Philofophical Tranfa&ions,

P4 and
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and decreafes in proportion as the telefcope is more
or lefs perfect, and according to its adjuftment.

This obfervation, together with their total defi-
ciency of parallax, fhews the moft incomprehenfible
diftance at which even the neareft of the fixed ftars
muft be fituated.

That the ftars fhine not by refleéted or borrowed
light, like the planets ; but by being felf luminous
like the fun, may be eafily and fatisfacorily con-
cluded from the following confideration. The ap-
parent {ize of the ftars is certainly finaller than that
of the fatellites of Jupiter or of Saturn; their dif
tances from us are likewife incomparably greater thatt
thofé of the fatellites ; but thofe fatellites cannot be
feen by the naked eye, and fome of them even ré
quire moft powerful telefcopes; therefore, if the
ftars fhone by reflecting the light of the fun, as the
fatellites do, they ought to be much lefs vifible than
the fatellites ; which is not the cafe. We may there
fore fafely conclude, that the fixed ftars are felf lu-
minous like the fun. They probably are of the fam®
nature, and equally large, if not larger. And finc®
fuch immenfe bodies, {o far removed from us as @
be moftly out of our fight, could not be intended
for our ufe, nor to interfere with the folar fyftem ; it
is moft likely that they are the funs, or the centre®
of as many fyftems, and that a number of planets and
comets is revolving round each ftar, from whicP

they detive the vivifying influence of heat and light
we
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We may advance our conje@ure a ftep farther, and
fuppofe that poflibly fome of the comets of each
T)’ﬁern, which move in very excentric orbits, may,
i their aphelia, come within the attraltive power of
fome other ftar or fun, fo as to pafs from one fyftem
t0 another ; and thus forma fort of communication
between the different {yftems ; but as there i3 no
ead to conjetture, ler us return to matter of fat.
Though the ftars are called fixed, as they are in
Comparifon to other celeftial bodies ; yet they muft
Dot be confidered as perfectly immoveable and un-
Qhang&ab]e. Indeed the little movements, to which
the}' have been obferved to be fubjeét, mult not be
Confidered as their proper movements ; for” they
e to be accounted for upca the motion of the
farth, the motion of light, &c. as will be fhewn in
the fequel; but independent of motion from their
r_erPP&ivv: fituations, feveral changes have unquel-
tionab]y been obferved amonglt the ftars, and pro-
bub]y a great many more will hereafter be obferved ;
0t the accurate catalogues of the fizes, appearances,
0 Guations of the ftars which have been lately
Made, and the powerful infiruments that are now 11
uf‘f-, will enable the aftronomers to difcover the moit
Minute variations of fize, of brilliancy, and of fitua-
Yon,
Two flars of the fecond magnitude, which were

0 Poe ¢ ; ol oA
"merly vifible in the ftern of the confellation #7rgo

N;
“X4N1¢ . .~ .
Vis, are now no longer to be feen, At the tme

of
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of the emperor Otho, a new ijca:*:_jp‘ red in Caffio-
PL‘%E!, which difappeared fome time after. In the
year 1600 0, Kepler obferved a new ftar in the fwan’s
bw" which remained vifible during feveral yearss
but it became invifible from the year 1660 till the
year 1666, when it was again obferved in the very
fame place by Hevelius, as a ftar of the fixth mag-
nitude. A ftar in the neck of the whale has the re-
markable property of appearing and difappearing
alternately.  Other ftars appear to have their fize of
brilliancy increafe and decreafe periodically, A ftar
of this fort is in Hydra, another in Cygnus, and &
moft remarkable one, called Aol is in Mednfa's
bead. This Algol feems to have a period of 2
days and 21 hours, during which it varies from thé
fize of the fecond magnitude to that of the fourth in
about 37 hours, then returns to the former fize i
the fame time, and retains that fize for the reft
of the above-mentioned period.  Such periodical
changes in the brightnefs of ftars, may probably be
owing to their performing periodical rotations rous¢
their axes, and to their having {pots on fome part

f their furfaces; fo that when that part happens ©
be turned towards us, the ftar muft appear Jefs
bright tlan at other times,  After the fame manne®
the entire difappearance and reappearance of certaif
flars may perhaps be accounted for.

If the reader wifh to learn the firuation of the
conftellations, and the names of the moft remark?
abl€




O}’ the fine 5.’7 ars. 219
able ftars, ot to find the particular firuations of
Certain ftars, we muft refer him to the catalogues,
and to the celeftial atlaffes of Flamfteed, Bode, and
Others, A competent knowledge of the fame may,
bowever, be ‘obtained by means of a common ce-
leftia) globe, which being duly fituated and reftified
for the particular time of making the oblervation,
Will indicate the ficuation of the ftars with fufficient
"‘Cturacy; fo that the 1ea_rner. having firuated the
Blobe (according to the precepts which will be
8iven hereafter) in an open place and a ferene
Night when the moon does not fhine, by looking
Lany particular conftellation or ftar on the upper
Part of the globe, and imagining that a ftraight line,
drawn from the centre of the globe, and through the
8ven ftar or conftellation on .the furface of the
Blobe, pbe extended as far as the heavens, he will
*eadily find the real ftar or affemblage of flars in
that identical fpot, which is pointed out by the 1m-
Ainary line *.

In this part of the world the moft conpicuous
Conftellations, and therefore the beft for a learner to
CRin with, are the Great Bear and Orion; and from
the direction of the principal ftars of thofe conitel-

—

I'he beft globes, both celeftial and terreftrial, with the
at enorar feon
elt enpraved and moft correft plates, as far as | know, are

at

P Lffut made by J. Cary, philofophical inflrument maker,
o
‘R the Strand, London.

lations,
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lations, he may, by referring to the globe, learn
the contiguous ftars, then thofe which are farther
off, and fo forth. The Great Bear is undoubted!y
the moft ufeful, becaufe for this part of the earth
icnever fets.  Orion is vifible in the winter time. to
wards the {outh, and the arrangement of its ftars 15
fo remarkable, that once known, it is not afterwards
eafily forgotten,
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CAHEARE X

0
F PARALLAX, REFRACTION, THE ABERRATION

OF LIGHT, AND NUTATION,

WI—IEN a body, fituated between us and the
; region of the fixed ftars, is obferved, and
" place is referred to the ftars, 1t 1s evident that it
Muft appear to be nearer to one ftar or to another,
% the fame time, according as it is viewed from one
PAIt of the earth’s furface or from another. ‘Thus
% obferver on the furface of the earth at A, fig. 10,

late XX VIII. will imagine that the celeftial body

3 Coincides with the ftar O; at the {ame time

At an obferver on the furface of the earth at B, will
Bferve the fame body H, to coincide with the ftar

Here it muft be obferved, that the {pectator B
Ig l

Latill 1)
A the right line which joins the centre of the
frth, and the celeftial body H ; therefore he fees
that body perpendicularly over his head, and in the
f&me m :

anper (viz. againft the fame ftar), as if he
AW it

: from the centre of the earth ; whereas this is
ot Sl - . -
the cafe with the {peCtator at A, or with a fpec-

tatQ - =
= ;‘ﬁtuucd any where elle upon the furface of the
tth,

Now the difference between the true place

of




343 Of Parallax, Refraition, and

of a celeftial body (meaning the place which it feems
to have when viewed in the direftion of the centr®
: of the earth*), and the place which it feems t0
ik have in the celeftial {phere, when viewed from any
other part of the furface of the earth, is called b
the aflronomers the parallax of that body. Other*
wife, in general terms, the parallax of an object i
the difference between the places, that objeét is 1
ferred to in the celeftial fphere, when feen at the
s fame time from two different places within ‘tha
fphere; or it is the angle under which any two places
i in the inferior orbits are feen from a fuperior planels
or even from the fixed ftars,

In the abovementioned figure, N is the true plact |
of the body H; O is its apparent place; and the af® \
ON isits parallax, It is evident that the neare®
the body H comes to the vertical line CZ, th®
3 fmaller its parallax becomes; for when the body
in that vertical line as at b, the two lines, viz. that
which pafles through A, and the body k, as alfo tha®
which paffes through C, and the fime body A, coib”
cide ; and of courfe, when the bedy is in the verticd

P

o * The fituations of celeftial objeéls are calculated ai\rﬂ}’s
with refpet to the centre of the earth, ‘and in all the p®

cepts that are given for the folution of affronomical PX
blems, the diftances and fituations of celeftial (}LJCJS ar®

'uwm s reckoned from their centres ; hence the E‘l ace vyﬂi*h

.. a2 celeftial ub ect feems to have when viewed from the g;'un-rﬁ
\ ~

i of the earth is called its true place.

N e

l 4 1in€y
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h”f, or in the zenith ; it cannot have any parallix,

On the contrary, when the body is at I, v.z. in the
horiz. nof the fneftator A, then it has the greateft

e

the place of oblervation A,

o

{ the earth, is then the fartheft pof=

ﬁtei
in t

the other place of obfervation &, which is

fie direfion of the centre C.
It is alfo evident that, ceteris paribus, the farther
4 celeftial body is from the earth, the {rr mlicr its
Parallax muft be ; thus the body P, whic

from the earth AB2, than the body H,
flllax N p, evidently fmaller than the parallax ON,
°f the bedy H.
With r"}r& to the meafure of the al
toneg parallax, it muft be obferved that the pa-
"llax NO of the ba,"z}' H, is the difference of the
Males ZCH and ZAH ; that is, of the angles ZCN
d ZAO; which u}ﬁsr‘ence is equal to the angle
AHC, or N HO; for the external angle ZAH, of
e triangle AHC (Euclid’s Elements, B. 1. prop.
32.) is equal to the two internal and opp oﬁte angles
ARC and ACH ; therefore AHC is the difference
Ctween the two angles ZAH and ACH, or ZCH;;
“hce this angle AHC (which is equal to NHO)
meaﬁ”‘ﬁb or is itfelf called, the parailax of the body
}n that fituation. AHC then is the angle under
Which the femidiameter AC of the earth appears to
M eye firyat ted at the celeftial body H. The angle,
Which the diameter of the earth’s orbit would {fubtend
t0
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to an eye fituated in a celeftial object, is called the
parallax of the great crbit.
From what has been faid abeve, the following
ufcful theorem is eafily derived ; viz. the fine of the
parallax is to the fine of a celefiial body's angulf
diftance from the vertex as the Jemi-diamster of 1he
earth is to the diffance of that 2:04!’ v from the cenire of
the earth, ‘Thus the fine of the angle AHC is (0
the fine of the angle ZAH, as AC is to CH. Fof
the [ides of plane triangles are as the fines of the op?
pofite angles; hence in the triangle AHC, the fin®
of the angle ALIC is to the fine of the angle caB
(or ZAH), as AC, the femidiameter of the earths
is to CH, the diftance of the body H from &
Therefore, if the parallax of a celeftial body, whe®
that body is at any given dif

ance f.pm the verte®
be known, we can eafily find l theorem, it*
parallax at any other diftance from the vertex.

1t alfo ‘follows from the preceding explanatio™
1ft, that when bodies are at unequal diftances fro™
the centre of the earth, the fines of their p.ura]lﬁx"s
are reciprocally as thofe diftances; 2dly, that whé®
the bodies are at equal diftances from the centre?
the earth, the fines of their parailases are as the fin€
of their apparent diftances from the zenith ; ‘mtﬂ
3dly, that whea the bodies are at unequal dif ftanc®
both {rom the centre of the earth and from th
zenith, then the fine of the parallax of one body ¥

to that of another body, in a ratio compoundt’d[c
1L
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the inverfe ratio of the diftances from the centre of
the earth, and the dire& ratio of the fines of the
Apparent diftances from the zenith.

The general effect of the parallax of a celeftial
body is to let ‘that body appear nearer to the horizon
than it really is ; therefore, in order to deduce the
Proper places of celeftial objects from the obferva-
tions, it is neceflary to deduct the effeéts of the pa-
fallax ; for the relative fituations of celeftial objeéts
e always reckoned with™ refpe@ to their centres
And to the centre of the earth ; whereas the obfer-
Vations cannot always be made in the diretion of
the centre of the earth.

The effect of the parallax being greater in pro-
Portion as the object is nearer to the earth, it follows
that the moon which is the neareft to us, is fubjeét ta
4 Greater parallax than any other celeftial body, and
th‘at parallax varies according to the different alti-
"des and different diftances of the moon; then fince
e Gtuation of the moon muft be afcertained for
Various ufeful aftronomical purpofes, thofe various
Parallaxes of the moon are calculated, and are fet in
"ables, which are to be met with in haurical alma
facs, ephemerides, &c. The horizontal parallax
o the moon varies from about 61’ 33", to 53
52", The mean horizontal parallax of the fun is
ab?ut 8”,75. The parallaxes of the other celeftial
Objedts are fo very minute as feldom to require our
tention, .

vou, 1v, Q Befides
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Befides the neceflity of allowing for the effes of
parallax in eflimating the exaét altitudes of celef-
tial objecls, the afcertaining of parallaxes anfwers
another very effential purpofe in aftronomy, viz.
they are ufeful for finding the dimenfions and
principally “ the - diftances of the celefial bodies
trom the earth; as alfo the dimenfions of theif
orbits.

When the diftance’ of a celeftial body from the
earth is known, its horizontal parallax, and hence its
parallax at any altitude, may be eafily found ; for in
the right-angled triangle ACI, fig. 10, P1. XX VIIL
three parts being known (viz. the femi-diameter of
the earth AC, the diftance of the body CI, and
the angle A, which is a right angle), the angle
A1C, which is the horizontal parallax of the body
I, is eafily found, by trigonometry ; alfo, if we have
the parallax, we may eafily determine the diftancé
of the celeflial body from the centre of the earth’
for in that cafe the three angles-and the fide A C 0
the fame triangle being known, the fide or diftanc®
CI is eafily determined*. When the diftance o
the celeftial body is greater than 15000 femi
diameters of the earth; then that femi-diameter fec?
from that cceleftial body, fubtends an angle fo fioall

Lol 58 - » R -

ial
by

e ; . . o
* When the diftance and apparent diameter of.2 celelt
body arc known, the real diameter of that body is ther®

eafily determined, !
, a5
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2% hot to exceed 14, and of courfe very difficult to
be obferved with certainty.

Hitherto we have mentioned the effet of the pa-
fallax with. refpect to the altitude only of a celeftial
b')dy, and have Thewn that in confequence of that
Parallax, the body always appears to be fomewhat
lower than it really is, except when it ftands in the
Vertical line, or in the zenith. But it muft be
Obftrved, that if the apparent place of a celeftial
Objet, relatively to the zenith, is different from its
feal place, the apparent relative firuation of the fame
bUdy, with relpeét to other circles, muft allo be dif-
ferent from its real fituation; viz its apparent longt-
Wde, larirude, right afcenfion : ind declination; mufk
be dlﬁ'crcm from its real longitude, latitude, &c. or
from h e longitude, latitude, &c. it would have, if
i Were viewed from the centre of the earth. - Now
the difference of longitude obferved from the centre
(or in the direction of the centre) of the earth, which
I Called the true longitude, and that feen from fome
Other point of the furface of the earth, is called the
Parajiay of longitude s the d lifference between the la-
tl“u‘lt‘, as obferved from the centre, and that ob-
ferveq from -the furface of the earth, is called the
_'p”’“”“ of latitudey the difference of right afcenfion,
“Sobferved from the centre, and that obferved from
the furface of the earth, is called the perallax of
"ight afcenfion ; and laltly, the difference between
the declination, as obferved fiom the centre, and
2 that

Q
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that obferved from the furface of the earth, is called
the parallax of declination.

REFRACTION, as has been explained in the third
volume of thefe Elements, is the bending of the ray$
of light, which is occafioned by their paffing ob-
liquely from one medium into another medium of
different refraétive power.

The atmofphere, which furrounds the earth, is 2
refractive medium, and of courfe the rays of light
which fall obliquely upon it, are bent by it; there-
fore the celeftial objeéts which are neceffarily feen
through part of the atmofphere, muft appear to be
in fituations different from their real places, unlefs
they be in the zenith ; for in that cafe the rays of
light which come from the celeftial bodies to ouf
eyes, fall not obliquely, but perpendicularly, upon
the atmofphere ; in which cafe they fuffer no bend-
ing or refrattion. It naturally follows that the lower
the fituation of the body is, the greater, cateris po
ribus, mull its refration be; for the rays of light
fall more obliquely upon the atmofphere.

Were the atmolphere of an uniform denfity, the
ray, which fell obliquely upon it, would be bent onlf
at its entrance into the atmofphere, and would aftes”
wards proceed ftraight through it; but as the atno-
[phere is increafing in denfity in proportion as ¥
approaches the furface of the earth, therefore the
ray of light is continually bent more and more 25 i
approache®
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Approaches the earth, fo as to become a curve line
like AB, fig.11, PL. XXVIIL; and fince to a fpec-
tator at B, upon the furface of the earth, the object C
Muft appear in the direction which the ray of light
CAB has, when it enters the eye at B ; therefore
the objeét; which really flands at C, muft appear; in
Confequence of the refraction, to ftand at D.

The refra&tive power of the atmofphere varies
cording to its gravity, to its tenyperature, and to
s humidltv ; therefore the real quantity of refrac-
Hon muft be deduced from the compound effedts
9 all thofe caufes.

Various experiments have been inflituted with
8teat care and attention for the purpofe of deter-
Wining the quantity of refration which accompanies
€ach particular degree of the ait’s gravity, tempera-
fre, and moifture; but as it is impofiible to alcer-
80 the actual ftate of the upper regions of the at-
Mofphere with refpect to thofe particulars, it fol-

OWs that the actual refraction for any piven time
00t be known with certainty; yet from the indi-
“Atiops of the barometer, thermometer, and hy-
gmmﬁter the refraltive power of the atmofphere
% dny particular altitude, fuch as is given in the
fables of refraltion, may in great meafure be cor-
?‘tEd* but for ordinary purpofes the mean re-
"ations of the table are quite fufficient,

e appears therefore that the celeftial bodies are
feen oy of their real places, not only in confequence
1“\'_‘—-—__

¥ See Dr., Bradley’s Rules in his Works,
2.3

(]
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of the parallax, but likewife in confequence of the
refraction of the atmolphere ; and that the parallax
caufes them to appear lower than they really are,
whillt the refraction makes them appear higher than
their real places ; therefore, in order to determing
their real from their apparent places, ‘a correction
for the effect of refra&tion is alfo to be applied 3
and for this purpofe the refractions for different al-
titudes, at a mean [ate of the atmofphere, are cal
culated and ftated in a table, called the sable of &
Jraétions in altitude.

Befides the refraction in altitude, there are fouf
other forts of refraction, the nature of which will
be eafily underftood from what has been faid with
refpect to the different forts of parallax.  In fhotts
if the effe& of the refration caufes a body to appeal
in a place different from its real place, it follows
that the apparent fituation of that body with refpect
to other circles, muft be different from its real ﬁﬂ”‘
tion ; viz.in confequence of the refradti ion, the rosl
longitude, Jatitude, right afcenfion, and declinatio?
of that body, muft differ from its apparent Jongt
tude, latitude, &c. and thofe differences conflitut
or are called, the refra

3 - e 1
i of longitude, the refraddit®
of /a:zmub, the refradlion of right afcenfion, and the ’ g

Srattion of “declination.

The quantity of refration for every degree of
altitude in a mean ftate of the at mofphere, is {hew?
by the following table, which confifts of two €0
bumns repeated.  The fifft column contains e
3}11};‘;1‘67}5
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4pparent altitudes, and the fecond {hews the cor-
tefpondent reﬁ'a&iorn, or the quantity which muit
be fubtracted from the apparent altitude of the ce-
leftial object. Thus when a celeftial body appears
1 be 36 degrees above the horizon, you will find
Againft 36 degrees of apparent altitude in the table.

18”; which means that the refraction makes the
Object appear 1 18" higher than it really is; hence
that quantity muit be fubtraéted from 36° and the
temainder 35° 58" 42", is the altitude of the object
Corrected of the effect of refradtion,

Mean Afironormical Refradion 1n Altitude.
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The horizontal refralion varies from 31° to 36’
The refraétions for other altitudes are alfo variables
but lefs and lefs in proportion as they recede from
the hotizon. In confequence of the caules which
have been mentioned above, namely, the tempera~
ture, gravity, &c. the refraftion is greater in cold’
weather and cold climates than in warmer ;i s
generally greater in the morning than in the evenings
&c. In confequence of the refraction, the fum
Planets, ftars, &c. begin to appear when they ar¢
actually below the horizon.

A very remarkable effet of the refraétion of the
atmofphere is known under the name of twilight
(crepufeulum), and it is the light which we perceive
when the fun is actually feyeral degrees below the
horizon; in which cafe it is evident that if the rays
of light, which proceed from the fun, were not
bent by the atmofphere, they could not poffibly

reach us; that light, therefore, which we receive
from the fun, either before its rifing or after
its ﬁttmc, and in confequence of the refraive
power, as alfo the refietion, of the atmofphere:
1s the rwilight. At a mean the tw ilight begins
to appear in the morning, or ceafes to appeds
in the evening, ‘when the fun is about 18> be-
low the horizon. Whatever increafes or decreafes
the refra@ive power of the atmofphere, will, of
courfe, increafe or decreafe the duration of the twi-
light, viz. will caufe the twilight to begin when the
fun is more or lefs than 18° below the horizons

Thus, ceteris paribus, the twilight in cold chmlaf{;:
a
9
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lafts Jonger than in warmer climates. When the
fun, during the night, does not defcend below the
horizon more than 18°, as is the cafe with this ifland
In the fummer time, then the twilight lafts all night,
Or it is faid that there is no night. Within the polar
titcle, the fun in confequence of the refraftion of
the atmofphere, efpecially in that cold climate, be-
gins to make its appearance fome days before it
Ought to appear according to its real ficuation.
According as the fun either in its rifing or in its
f‘ﬁtting is a longer or a thorter time in percurring the
18° below the horizon, which arifes from the dif-
ferent obliquity of its courfe, fo the twilight begins
fooner or later before fun rife, and continues longer
Or fhorter after fun fet. Hence, in this country, the
Wilight is longer in the [ummer time than in the
Winter; hence alfo, ceteris paribus, the twilight
lafts longer in higher latitudes than near to the
“Quator.

Tye AperRATION is an apparent movement of the
ars, which was difcovered towards the beginning
"of the. Jaft century, by Dr. Bradley, then aftronomer
T0yal, This apparent movement is the compound
et of the progreffive motion of light, and of the
Motion of the earth in its orbit; in confequence of
Which each fixed ftar appears in the courfe of one
‘}’ear, to delcribe a fmall ellipfe, whofe greater axis
I about 40,

In order to comprehend the caufe of this apparent
mWCme.nt, let E, fig. 13, Plate XXVIII. be a fiar,
from




234 Of Parallax, Refraction, and

from which a ray of light proceeds towards us, and
confider this ray as a [mall body moving from E t0
B. Let AB be a portion of the earth’s orbit ; for
inftance of 20, and let CB reprefent the fpace per-
curred by the light whilft the earth has moved from
A to B; fo that the fmall body or particle of light
is at C, when the earth is at A ; and both at the
fame time arrive at B. Thus CB and AB reprefent
the refpetive velocities of the light and of the earth
in 207 of time. Draw CD equal and parallel 0
AB, and complete the parallelogram DCAB:
"Then, agreeably to the principles of the compofi-
tion and refolution of forces (fee the firft volume
of this work), the velocitv of light CB may be con-
fidered as the refult of two velocities in the direcr
tions' CD and CA ; of which the velocity CD, being
in the fame direction, and equal in quantity to thé
velocity of A B of the earth, cannot be pc‘l'Ctind'f
for the eye of an:oblerver on the earth cannot
be ftruck by a body which - moves with the fame ve-
locity and in the fame diretion as the eye itfelfs
therefore that part of the velocity of light which #
in the dive€tion C A, is what affeéts the eye of the
obferver ; and hence we perceive the ftar in the di-
rection, AC or BD, which is parallel to AC., The?
the angle CBD is called the aderration. In fhoi®
CBD is the angle by which a flar feems to be ré”
moved from its true place, in confequence both ©
the progreflive motion of light, and of the motiol

of the earth in its orbit.

This
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This compound effect being rather difficultly
Comprehended by beginners, 1 fhall fubjoin Dr.
Hradley"s own explanation, which places the phzno-
Menon in a different light *.  The dector imagined
CA, fig, 12, Plate XXVIII. 10 be a ray of light
fal]ing perpendicularly upon the line BD; that, if
the eye be at reft at A, the objedt muft appear in
the diretion A C; whether light be propagated in
time; or inftantancoufly. - Butif the eye be moving
from B towards A, and hight 15" propagated in
time, wich a velocity that is to the velocity of the
%¥e as CA to BA, then light, moving from C to A,
Whilft the eye moves from B to A, that particle of
it, by which the objeét will be difcerned, when the
f¥e comes to A, is at C when the eyc is at B.
Joining the points B, C, he fuppofed the line CB
0 be a tube, inclined to the line BD in the angle

BBC, of {fuch a diameter as to admit but ene par-

tic

€
lewof light. Then it was ealy to conceive, that

the parricle of light at C, by which the object muft
¢ feen, when the eye as it mbves along, arrives at
A, would pafs through the tube BC, if ic be in-
Slined to BD in the angle DBC, and accompanies
the ye in its motion from B to A; and that 1
“0uld not come to the eye placed behind fuch a
ube, if it had any other inclination to the line BD.
’ inftead of fuppofing CB fo fmall a tube, we
Magine it to be the axis of 2 larger tube ; then, for

the fame reafon, the particle of Jight at C would

ohical Tranfactions, N¢ 4086,
: not
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not pafs through that axis, unlefs it is inclined to0
BD in the angle CBD. In like manner, if the
eye moved the contrary way, from D towards As
with the fame velocity, then the tube muft be in-
chiped in the angle BDC. Although, therefores
the true, or real place of an objedt is perpendiculaf
to the line in which the eye is moving, yet the wifibl
place will not be fo, fince that, no doubt, muft be
in the direftion of the tube; but the difference be-
tween the true and apparent place, will be, cereris
paribus, greater or lefs, according to the different
proportion between the velocity of light and that of
the eye. So that if we could fuppofe that light was
propagated in an inftant, then there would be no
difference between the real and vifible place of a8
objedt, although the eye were in motion ; for in that
cafe, AC being infinite with refpect to A B, the
angle ACB, viz. the difference between the trué
and vifible place, vanithes. But if light be propa:
gated in time, it is evident, from the foregoing
confiderations, that there will be always a difference
between the real and vifible place of an objeét, up-
lefs the eye is moving either dire@ly towards of
from the obje : and, in all cafes, the fine of the
difference between the real and vifible place of the
obje& will be to the fine of the vifible inclinatio®
of the objeét to the line in which the eye is mov-
ing, as the velocity of the eye is to the velocity ©
light.
The doctor then thews, that if the earth revolve
round
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ound the fun annually, and the velocity of light be
to the velocity of the earth’s motion in its orbit, as
1000 to 1, that a ftar really placed in the very pole
of the ecliptic, would, to an eye carried along with
the earth, feem to change its place continually ; and
Negledting the {mall difference on account of the
farth’s diurnal revolution on its axis, would feem to
deferibe a circle round that pole, every way diftant
from it 31'; fo that its longitude would be varied
through all the points of the ecliptic every year,
bur it Jatitude would always remain the fame. Its
fight afcenfion would alfo change, and its declina-
tion, aceording to the different fituations of the fumn,
With refpect to the equinogtial points, and its appa-
Yent diftance from the north pole of the equator,
Would be 7" lefs at the autumnal than at the vernal
, QQuinox.

The greateft alteration of the. place of a ftar in
the pole of the ecliptic, or which, in effeét, amounts
% the fame thing, the proportion between the velg-
City of light and the earth’s motion in its orbit being
k“(‘-'Wn, it will not be difficult, he obferves, to find
What would be the difference, upon this account,
between the true and apparent place of any other
Rar o any time; and, on the contrary, the difference
b‘ctwcen the true and apparent place being given,
the proportion between the velocity of light and the
€arth's motion in its orbit may be found.

Now, fince the apparent declination of the ftar,
Called o Draconis, on account of the fucceffive

propagation
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propagation of hight, would beito the diameter of
the litte circle which a ftar would feem to defcribe
about the pulc‘ of the ecliptic, as 39" to 40745 the
half of this 1s the angle ACB. - This, therefore
being 20”2, AC will be to AB, that is;, the ve*
locity of light will be to the welocity of the ¢f¢
(which in this cafe may be fuppofed the fame as the
velocity of the earth’s annual motion in its orbit) a8
1c210 to 1; from whence it will follow, that light
thoves as far as from the {un to the earth in 8/, 12%
This, Dr. Bradley obferves, is very probably the
truth, becaufe it is a medium between 7 and 11»
which were the times which it had before been fup
poled to take up, according to different obiervation’

of the eclipfes of Jupiter’s fatellites. Comparing

i

his obfervations on other ftars, he afterwards con”
cluded that light is propagated from the fun to the
earth in 8% 13" ; and the near agreement of his ob-
fervarions induced him to think that chis fuppuﬁ”
tion could not differ fo much as a fecond of #
degree from the truthy o that the time which ifﬂi]u
{pends in paffing from the fun to us may be detér™
ml:ztd bv thefe obfervations within ", or 1%
which is fuch a degree of exadlnefs as-we €Al
never hope to attain from the eclipfes of ]upxtc‘l':‘
fatellites. \

The near agreement of the refult of Dr. Br
"l‘!(’ll

ad*

ley’s oblervations on the light of the ftars, v

ve have all the reafon tafuppofe that they (hine bY

ppfieis i
their own luftre, with the refult of Mr. Roeme€t
obfervatioh®
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Sbfervations on the light of the fatellites of Jupiter,
Which thine by reflecting the light of the fun, not
Onif confirms the progreflive motion of light, but
likewife fhews that the velocity of light is the fame
btﬁ)re as after reflection.

_ The aberration arifing from the compound mo-
tion of light and of the earth, does alfo affet the
pianﬁts and the fun; and though it be very little ;
Y2 in nice computations of occultations and other
Broblems, this aberration mult be calculated from
the known velocities of light, the velocity and di-
.refti',m of the e€arth, and the diftance of the planet
" queftion,  The fun’s aberration in longitude is
“Onflantly 20"; for the earth moves through that
Bace in g 7%y which 15 the time cmployed by
]Hﬂht in pafling from the fun to us.

“ Dr. Bradley, by his continued obfervations
N the ftars, perceived each year the period of the
?“Ulatwm confirmed, according to the rules he
tag lately difcovered ; but befides this, he found

Om year to year other differences, the: confi-
d""'itlun of which led him to ancther brilliant

dif; ; .
I'Cr)wry, hat of the wutation of the earth’s axis.

Ii‘hil;

d)

1s a kind of libratory motion of the earth’s

he

Xis, by which its inclination to the plane of ¢

“cliptic is continually varying backwards and for-

Wardy » by a finall number of feconds. The whole

EXte A, .

tht of “this change in the inclination of the
dxXie . S = & - . .
“% or, which is a confequence of it, in the

;11\1).11":!'1 £
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apparent declination of the ftars, is about 197, and
the period of the change is little more than nin€
years ; or; the fpace of time from its fetting ouf
from any point and returning to the fame agaifs
about 18 years and 7 months, being the fame a8
the period of the moon’s motions, on which in-
deed it chiefly depends, being the effeét of the
inequalities of the joint a&tion of the fun and mooft
upon the (pheroidical figure of the earth, by which
its axis 1s made to revolve with a conical motions
fo that the extremity of it defcribes a fmall ellipfiss
baving its diameters 19,1, and 147,2, each revo”
lution being performed in the time above-men
tioned. This is' a natural confequence of the
Newtonian fyftem of univerfal attrattion, and had
been hinted at by fome, ever fince the publication
of the Principia. *

Thus we have pointed out the differene app®
rent movements of the ftars, and have fhew?
that they arife from the parallax, from the pefrac”
tion of the atmoiphere, from the progreflive mo-
tion of light, and from the movements of the
earth. Yet it muft be acknowledged, thatr ind¢”

i

* Mr. Gregory’s Aftronomy, Chap. XXII. For far

: iy 3 st aive . . he
ther information on the fubje of the nutation, fee

L
PR . - o - T 3 ¥
Philofophical Tranfactions for 1784, Dr. Mafkelyn®
. = ) 2'G
Aftronomical Obfervations, 17763 and De la Lande
Altronomy, Vol, I,

PEndCDr
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Pendent of thofe apparent movements, fome of
the fixed ftars have been found to have 2 proper
though exceedingly fmall motion. The prefent
flate of aftronomical knowledge cannot well ac-
Count for this movement ; perhaps the ftars or
Whole f{yftems, though immenfely diftant from
€ach other, may alfo have a mutual tendency or
dttraction ; perhaps a congeries of {yftems, or the
Whole affemblage of them all, may turn round a
Common centre of attraction; but we muft leave
thofe fpeculations to pofterity.

VoL, 1v. R
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OF THE DIVISION OF TIME, AND QF THE EQUA~
TION OF TIME.

! CCORDING to the common or vulgar
fignification, the day and the mighs, mean
refpeétively the time of the fun’s remaining above
the horizon, and the time of its remaining below
it. For the fake of diftintion, this day is called
i the artificial day. ‘The natural day is the time em-
ployed by the fun in its apparent motion all round
| the earth, from one meridian and to the fame again.
This time is divided into 24 hours; each hour i
divided into 60 minutes; each minute into 60 fe-
conds ; each fecond into 6o thirds, &c. When
the intervals of time are longer than one day, they
may be reckoned by the number of days, and parts |
of a day, or by certain affemblages of days toge-
ther, with odd days and parts of a day. Thofe aF |

ks, wmonths, yearss

femblages of days are called weel
i eycles, periods, &,

The 24 hours, or 24 parts, of a natural days
are not always equal to the 24 parts of anoth€®
natural day; or, in other words, the fun does not

always
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Always employ the fame time in its apparent motion
found the earth, from 2 given meridian to the fame
38ain,  This, as has been explained in the preced-
Ihg chapters of this volume, arifes from the earth’s
Otbit heing eiliptical, from the earth’s axis being in-
Clined to the plane of the ecliptic, and from the pre-
Ceffion of the equinoxes. But independent of the
t]?e()ry, the inequality of natural days is clearly ma-
Nifefteq by means of the well known machines,
Called clocks, réguvlators, time-keepers, chyonometers,

O longitude - watches ; for by obferving the fun’s

t ik el et ilE
fanfit over the meridian each day, it will be found

tbat the fun’s centre comes to the meridian fome-
Umes before and fometimes afier the lapfe of fuch
24 hours, as are fhewn by the going of the clock,
O chronometer ; but the mean natural days, viz.
thﬁﬁ:
are precifely equal to the 24 hpurs of. the cle ck ;
:“”CC thefe are called bowrs of true or mean fime,
VIZ, the 24 equal parts of mean days.

That upon the whole, well regulated chronome-
ters,. are equable meafures of time, is proved by
th}'ir agreeing among themfelves, which they do
Within 4 trifling difference of a fecond or two, and
Yhich difference may be afcertained by the motion
of the fun itfelf;, or by the time of its arrival to the |
I?“Tidian; for as that time, whether longer or' thorter
%an the period of 24 hours of mean time, has been
C;‘]CU]ated from theory, and being meafured by the
Sock at the time of the fun’s tranfit, the obferver

R 2 will
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will eafily perceive whether the clock indicates the
fame excefs or defect from the 24 hours of mean
titne, as has been obtained by calculation, and is 1€~
giftered in moft almanacks, - This excefs or defecl:
which ‘muft be added to or fubtradted from the 24
hours of mean time, or fuch as are fhewn by a well
regulated chronometer, in order to obtain the real
length of a natural day, is called the equation of
fime ; and it {fometimes amounts to {everal minutes:

The natural day is either civif or affronomical.
different commencement of the civil day has bee?
adopted by different nations. 'The Britifh, French
Dutch, Spaniards, and others, begin the civil daf
at midnight ; the ancient Greeks, Jews, Bohemian®
Silefians, with the modsrn Italians and Chinel€
begin it at fun-fetting ; the ancient Babylonian$
Perfians, Syrians, and modern Greeks, begin it 28
fun-rifing.

The aflronvimical day at any place commence®
when the fun’s centre is on the meridian of thaf
place, and its 24 hours are reckoned from 1 to 127
and again from 1 to a fecond 12; diﬁinguilhiﬂg
the firft 12 by the initial letters P. M. which mea?
poft meridiem or in the afternaen; and the fecond #*
hours by the initials A, M. which mean aure 7

vidiem, orin the forenoon. Aftronomers,” howeve”

generally reckon through the 24 hours from oo
to noon ; fo that what is commonly called the hoﬂF
of 10 in the morning of April the 6¢h, is called by

the aftronomers the 22d hour of April the st
L and
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4nd 3 o’clock in the morning of Q&ober the 20th, is
Ciprefled by the aftronomors, Oéober the 1 gth,
5% and fo forth.

The fun’s daily motion in longitude, which is
Meafured by an arc of the ecliptié, or its daily mo-
fon in right afcenfion which is meafured by the
QOrrcfpondent arc of the equator, being nearly equal
' 59 8, it follows that the above-mentioned aftro-
Momical day is meafured by the fum of the whole
“Quator (viz. 360°), and an arc of it equal to the
fun’s daily motion in right afcenfion (viz. 547 8“),
Which fum is equal to 360°, 5¢’, 8". For at the end
9f a diurnal rotation of the earth, which obferva-
tons fhew to be equable, the meridian comes to the
fme ftar or point of the ecliptic at which it ftood
On the preceding noon; excepting the very fmall
Qiference which arifes from the precefiion of the
“Quinoctial points; whereas the fun, during that
Period, has removed from that ftar or point of the
®cliptic to another, which has a greater right afcen-
fiop by 59, 8”; therefore he muft deferibe fuch an
%ditional arc befides a whole circle, in arder to re-
Wrn to the fame meridian ; hence a fidereal day,
%hich is the interval between two fuccefive returns
fthe fame ftar, to the fame meridian, is fhorter
®han 2 mean folar day by 3 minutes and §6 feconds
of time, which 3" 56°, is the time employed by
:_Oet]f:: ti]i:e percurring th;? ad-ditional arc of 5:q’, B3

mean folar day is 24 hours, whillt the
R 3 fidereal
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fidereal day is 23" 56, 4°, according to the clocks
which fhews mean time,

The folar days are equal, or the mean folar days
take place when the fun’s daily motion in right afcen-
fion is 59', 8“, which takes place about the 15th of
April, the 15th of June, the 1ft of September, and
the 24th of December; fo that at thofe times the
fun and the clock, or the fun-dial and the clocks
agree very nearly, and of courfe no equation i
wanted ; at other times the fun-dial and the clock
difagree more or lefs, and an equation is requireds
This equation is greateft about the 1ft of Novem-
ber, when 1t amounts to 16, 14,

It is evident, from what has been faid above, that
in feveral aftronomical obfervations the equation of
time, befides the other corretions for parallax, re-
fraction, &c. muft be.duly attended to,

I need not inform the reader of the names and of
the number of days which form a week.

A month, properly fpeaking, is the time of a lund®
tion, or the period of time taken up by the-moon if
performing its courfe in the zodiac, Another monti
which more properly is the afronomical month, and
is nearly equal to the above, is the time in which

he fun moves along one fign of the ecliptic. A
civil mowth confifts of a certain number of day®
which number, however, is not always the fam@
for every month, nor the fame in all countries

' =
The names of the twelve months, tosether Wit
¢he
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the number of days in each, ‘as are at pre-
fent in ufe among the greateft number of civi-
lized nations, are fo well and fo commonly known,
that nothing more needs be faid about them in this
Place.

What the fidereal, the folar, the anomaliftic,
iind the civil years, are, has been already fhewn
I another place ; but in order to prefent all thole
Meafures -of time in one point of view, we fhall
briefly repeat their lengths in this place.

The mean tropical or folar year, confifts of 365"
5% 487, 49'.

The fidereal year confifts of 365° 6% 9", 12

The anomalifiic year, which is the time employed
by the earth, in going from aphelion to aphelion,
Confifts of 365% 6", 147 2%

The common civil year, allo called Julian year, fuch
3 is adopted by moft nations, confifts of 365 days;

Ut every fourth year is called a biffexfbile or leap
Year, and confifts of 366 days, viz. one day more
than the common year ; and this day is ufually
added to the end of February ; excepting, however,
the Iaft year of every century, not divifible by four,
Which is to remain a common year of 365 days. See
Page 61 and 62 of this volume.

The lunar year confifts of 12 revolutions of the
Moon, from the fun to the fun again, and it con-
Ring nearly 354°, 8% 487, 36

A ¢ycle is a perpetual circulation of a certain
fixed and determined time. 'Thus the gycle of the

R 4 Sun
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Jun is a revolution of 28 years, in which time the
days of the months return again to the fame days
of the week; the fun’s place returns to the fameé
fighs and degtees of the ecliptic on the fame months
and days, fo as not to differ one degree in 100
years; and the leap-years begin the fame courfe
over again with refpect to the days of the week on
which the days of the months fall. The ecycle of
the moon, commonly called the golden namber, is &
period of 1g years, in which time the conjunétionss
oppofitions, and other afpeds of the moon, are
within about an hour and a half of being the fame 25
they were on the fame days of the months 19 years
before. The indiction is a revolution of 15 years,
ufed only by the Romans for indicating the times
of certain payments made by the fubjefts of the
Republic. Tt was eftablithed by Conftantine
;e 58 312.

The year of our Saviour's birth, according t0
the vulgar 2ra, was the gth year of the {olar cycle;
the firlt year of the lunar cycle; and the 31ath
year after his birth, was the firft year of the Romah
indiftion, From this we may eafily find the cor
refpondence between the fubfequent cycles.

The ofympiads confifted each of four years, and
the mode of reckoning by olympiads was uféd by
the Greeks. The firlt olympiad began 775 years
(according to other chromologifts 747 years) be
fore the birth of our Saviour.

Different nations and at differeri times yariovs

Poiﬁﬁ
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Pointsor commencements of the numeration of years
have been adopted. Some reckoned from the fup-
Pofed time of the creation of the world. The
Romans counted from the building of Rome ; the
Turks reckon from the flight of Mahomet, called
the begira, or Turkifb ara; almoft all the nations of
EUI‘Ope and Amnerica reckon from the birth of our
Saviour, and this is called the Chriftian wra;
the modern French reckon from the abolition
of their monarchical government ; other nations
have ufed other zras. But of all thofe @ras the
Fotlian period {eems to be the moft ufeful, as it in-
Cludes almoft all the other wras or periods. This
< :Illlian period confifts of 7980 years, which number
fs the produét of 14,19, and 28, viz. of the Roman
Indiction, of the lunar cycle, and of the folar cycle;
4 the firft year of this period was that wherein all
thofe cycles began together.

In the following fhort table, T fhall ftate the com-
Mencement or the correfpondence of the principal
¥fas, according to the more commonly received
®Pinion ; for the precife times of feveral remarkable
vents have been differently ftated, and are as yet
the fubjedt of controverfy; I muft therefore refer
the Inquifitive reader to the profefled works of chro-
Rologifts wich refpeét to thofe points.

Table
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Table of remarkable Aras,

The creation of the world, ac-
cording to the more common
opinion J - - =

The deluge - = % .

The beginning of the olympiads -

“according to Varro

The bmlclmcgacco;dmn to the

of Rome 2 regifters of the
Capltol T,

The =ra of Nabonaffar - - -

The fuppofed true @ra of Chrift’s
birth - - -

The Dionyfian or vulgar =ra of
Chrift’s birth S <
The Arabian or Turkifh hemra =

The Perfian yefdegird - - 3
The Republican French =ra -

or Periods.

Ycars
before
Chrift.

4007
2351
775
753

752
746

4

Years after,
Chrift.

o
622
631

1792
Sept.22

Years of
the Jullan
perigd.

706
2362
3938
RTicf

3962
3967

4709

4713
5335
5344
6504




CHAP. Xl
OF ECLIPSES, OCCULTATIONS, AND TRANSITS.

W HEN our view of a celeftial body is ob-
ftrufted by the interpofition of another
Celeftial body, or of its fhadow, the phenomenon
Is called an eclipfe, an occultation, or a tranfit; yet
not quite indifcriminately fo; for the word eclipfe is
More particularly applied to the apparent oblcura-
tion of the fun by the interpofition of the moon be-
tween it and the earth; to the obfcuration of the
Moon . by its coming within the fhadow of the
farth ; and to the obfcuration of the fatellites of
Other planets by their coming within the fhadows
of their refpective primaries. The word eccultation
I8 more commonly applied to the difappearance. of
the ftars or planets, occafioned by the interpofition
of the moon. The word zanfit is more com-
Monly ufed to denote the paffage. of the inferior
Planets, Venus and Mercury, over the difc of
the fun,

Of all thofe phenomena, the eclipfes of the fun
Aud of the moon, are by far the moft friking,
And have at all times excited the fears of the vulgar,

and
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and the diligent attention of the moft enlightened
part of the human fpecies. The prefent improved
ftate of aftronomy has brought all the particulars,
which relate to eclipfes, occultations, and tranfits,
within the limits of calculation, whence the times,
durations, and quantities of thofe phenomena may
be foretold with wonderful accuracy.

Having elfewhere fhewn the general nature of
eclipfes, we fhall, for the fake of perfpicuity, colleét
in this chapter all the moft effential particulars rela-
tive to thofe phenomena, in order that the reader
may fee the fubjeét under one point of view.

As the light of the fun falls upon the earth, a
fhadow of the latter muft be extended in the
heaveniy fpace behind it; and this thadow is coni-
cal, becaufe the fun is larger than the earth,- But
on the fides of this converging or conical fhadow,
there is a diverging fhadow, the denfity of which
decreafes in proportion as it recedes from the
fides of the former conical thadow ; this, which is
ufually called the penumbra, is occalioned by the
partial obftruction of the fun’s rays in the places ad-
jacent to the denfe conical thadow. Thus, in fig, 1s
Plate XXTX. the rays of the fun ASB, falling upon
the earth ETF, are intercepted by it, whence the
coni¢al thadow EFC is formed, from no part of
which 'the fun can be feen ; but adjoining to and all
round this cone, there is the diverging imperfﬁﬁ
fhadow or penumbra EFHG, from any part of
which a portion only of the fun can be feen; an
that
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that portion of the fun’s difc is larger according as
the place is farther from the conical thadow EF &
hence the penumbra decreafes in intenfity ; thus at
Q, the portion zy B of the fun can only be feen,
bur from R, the portion wu B is feen ; which
Portions are determined by drawing ftraight lines
from the given places to the fun and along the fur-

‘face F of the earth. The conical thadow EFC of
the earth is extended much farther than the diftance
of the moon, but not near fo far as the neareft
Planet which is Mars; therefore the moon alone
#an come within that fhadow.

' Now let OP be a portion of the moon’s orbit
then as the moon, in its motian from the weft to-
Wards the eaft, viz. from O towards P, enters the
Penumbra at O, it begins to be partly obfcured on
s eaftern fide ; the obfcuration gradually proceeds
towards the weftern fide of the moon, and increafes
in intenfity ; the moon then comes within the coni-
¢al thadow EFC, at which time the obfcuration is
Sreateft, After this, it begins to emerge out of
the conical fhadow EFC, with its eaftern fide, and
3 it proceeds it becomes gradually more and more
’uuminated, until the end of the eclipfe, viz. unil
the moon is got quite out of the penumbra at P,

Ut it muft be obferved, that the moon is never
Perfecily eclipfed; or, in other words, during an
Celipfe, we never lofe fight of the moon entirely,
cVen when fhe is at L, in the middle of the conical
thago EFC; but in that fituation fhe appears of a
dark
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dark dull red colour, which is owing to the re-
frattive power of ‘the carth’s atmoiphere (the fame
which produces the ewilight), in confequence of
which fome of the fun’s rays which pafs clofe to the
furface of the carth, and through its atmofphere, are
bent cr refracted by the latter, fo as to enter the cone
EFC, and in fome meafure diminith the perfeét
darknefs which it would have if the earth had no
atmolphere.

By infpefting fig. 1, and by attending to the
above explanaticn, the following particulars will
be eafily comprehended. An eclipfe of the moof#
can only happen at the time of full moon, when
the {un, the earth, and the moon, are in the fame
ftraight line; but on account of the inclination of
the moon’s orbit to the earth’s orbit, an eclipfe can-
not take place at every full moon. It can only take
place when the full moon happens to be in one of
the nodes of the moon’s orbit, or {o near it, as that
the moon’s latitude does not exceed the fum of the
moon’s apparent femidiameter and the femidiametef
of the earth’s fhadow, where it meets the moon’s
orbit. And according as ‘that latitude is more of
lefs, or nothing, fo the ecliple may be partial, totaly
or central.

The quantity of the moon’s difc which is eclip
(and “the fame thing muft be underftood of the dife
of the fun in a folar eclipfe), is exprefied by twelft?
parts, called digits, of that difc, viz. the difc i

fuppofed to be divided by twelve parailel lines: theP
1

{cd
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1f half the difc is eclipfed, the quantity of the eclipfe
S faid to be fix digits; if one twelfth part is ob-
fCured, then the quantity of the eclipfe is faid to be
of one digit, and fo forth. And when the diameter
of the thadow, through which the moon muft pafs,
is greater than the diameter of the moon, then
the quantity of the eclipfe is faid to be more than 12
digics ; thus, if the diameter of the moon is to the
Yameter of the fhadow as 4 to 5, then the quan-
lty of eclipfe is faid to be equal to 15 digits ; for
iR e e T

The eclipfes of the moon are vifible alike from
4l fuch parts of the earth as have the moon above
the horizon at that time ; but they are not feen at
the very fame time from places which differ in longi.
Wde ; for inftance, if a place B be 1§ deorees weft-
Ward of another place A, the obferver at the latter
Place A, muft fee the commencement or the end of
the echipfe an hour later than the obferver at B, be-
“ufe on account of their difference of longitude
When it is 10 0'clock at B, 1t is 11 o’clock ar A, or
When it is 11 at B, it muft be 12 at A, &c. Hence,
from attentive obfervations, made at two different
Plac@, of the commencement, or of the end of the
&“Pft, or of the arrival of the fhadow ar any par-
ti':U]-!r fpot of the moon ; the difference of longitude

“tWeen thofe two places may be determined,

The moon always enters the thadow with its
Caftern fide, and comes-out of it with the fame
“aftern [ide foremoft; for the proper motion of the

maoon
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moon being {wifter than that of the earth’s thadows
the moon approaches the thadow from the weft, and
pafies through it with its eaftern fide foremofb
leaving the fhadow weftward.

The duration of a lunar eclipfe is various, but it
never exceeds two hours.  In order to calculate the
time, duration, and quantity of an eclipfe, the fol*
lowing particulars muft be known, and thefe ar€
obtained from the almanacks and other aftronomi”

Of Eclipfes, Qccultations, Fe.

cal tables.

The true time. of the moon’s oppofition, for the
particular place for which the computation of th¢
eclipfe is intended.

The apparent time of the fame; and for the famf

place.

The fun’s place in the ecliptic.

The moon’s place in the ecliptic.

The place of the moon’s node.

The moon’s latitude.

The moon’s diftance from the earth, or its app*”
rent diameter, at the time.

The fun’s horary motion ; and

The moon’s horary motion.

The eclipfes of the fun take place when the moo”
happens to be in conjunctionwith the fun, or betwee”
the fun and the earth, viz. at the time of the nef
moon, at which time the thadow of the moon fall®
upon .the furface of the earth; hence, prOE"’f]!'r
{peaking, fuch eclipfes fhould be called ecliprSO

n
the earth. But the whole difc of the eanth ¢
nev
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hever be entirely involved in the fhadow of the
Moon, becaufe the moon is much fmaller than the
€arth, and the thadow of the moon, being conical,
the fection of that cone at the diftance of the earth
I confiderably (maller than the difc of the moon.
Thus, in fig. 2, Plate XXIX. the rays of the fun
ASB, being intercepred by the moon CLD, form
the conical fhadow CDG, which falling upon the
furface of the earth ETF, entirely deprives the por-
tion 7 ¢ of the fun’s light, and of courfe the inha-
bitants of that portion will have a total eclipfe of the
fun, the eclipfe being central at 7. Beyond the
denfe conical fhadow CGD, there is the inverted
Cone of the pemuméra CDEF, which is occafioned
by the moon’s intercepting a part only of the fun’s
fays from thofe places which fall within the penum-
bral cone, and are out of the denfe thadow CDG ;
thus from Z, the portion YYB of the fun can only
be feen ; confequently the inhabitants of the parts
¢F, and iE, or of the zone which goes all round
the denfe fhadow, will have a partial eclipfe, the
Quancity of which, for any particular place, is more
Or lefs, in proportion as that place is nearer to the
denfe fhadow i O, or nearer to the borders EF of
the penumbra.

Knowing the diameters of the fun and moon, as
Ao the diftances of the fun from the moon and
from the earth, at the time of the conjunétion ; the
€xtent of the conical fhadow, and the diameter of
Of sios, feQion 4t theifurface.of the earth may be
@alily calculated 5 or it may be drawn upon paper

¥oL. 1v, 5 with
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with confiderable accuracy, by taking the propor=
tional dimenfions from a feale of equal parts. Now
from fuch computations made at different fituations
of the moon with refpe&t to diftance, it appears
that, when the moon is at its greateft diftance-
from the earth (that diftance varying from g6
t0 64 femidiameters of the earth) the apex of
the conical fhadow CDG does not reach the earth,
as is fhewn in fig. 3, Plate XXI1X,; but the
penumbra EF only falls upon the furface of the
carth ; therefore the eclipfe will be partial all over
the fpace EF ; but with this difference, that whilft at
one place within EF, the inhabitants lofe" fight of
one part of the {un, at another place the inhabitants
lofe fight of fome other part of that luminary, as
may be eafily conceived by infpecting the figure.
Thofe who happen te be at the centre H of the pe-
numbra, will lofe fight of the middlemoft part k& of
the fun, and a ring of light all round the moon, or
only the circular edge of the fun will at that time be
feen.  The eclipfe is then faid to be annular.

So far we have defcribed the various phenomen?
as if at the time of an eclipfe the fun, the moons
and the earth, remained in the fame line for any
length of time; but fince that is not the cafe, and
fince the proper motion of the moon, is much
quicker'than that of the fun, therefore the following
particulars neceffarily take place.

The eclipfe of the fun always begins fomewher®
on the weftern half of the fun’s difc, and ends 3°

the ezftern ; for the moon moves in that dire&ioﬂ:
anc
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and fo does the fhadow move upon the furface of
the earth; fo that thofe parts of the earth which are
More weftward, will fee the eclipfe fooner than thofe
Which are more eaftward. Since the fhadow of the
. Moon, and even the penumbra, is at all times much
fmaller than the half of the earth’s furface, the fame
tlipfe of the fun can never be feen by a whole
hemifphcricul furface of the earth; and according as
the different places on that furface are lefs or more
diftant from the line; which paffes through the centres
of the fun and of the moon, fo the inhabitants of
thofe places fee the eclipfe either partial or central,
Of notat all; and the particular quantities of thofe
ppearances, or the digits eclipfed, may be deter-
Mined by computation, from the knowledge of the
Qiameters of the fun and moon, their diftances, the
Yitance of the moon’s node from the coujuntion,
30d the particular fituation of the place on the fur-
face of the earth. With refpect to the time when
an eclipfe of the fun is to take place, for it doe snot
tke place at every new moon, the calculation may
€ conducted in a manner fimilar to that ufed for
the eclipfes of the moon ; the particulars that are
Principqly requifite, and which mutt be extratted
'om the aftronomical tables, are the true time of
the Conjunétion ; the longitudes both of the fun and
Of the moon; the latitude of the moon, with its hori-
zf’"tal parallax, and its horary motion; the apparent
Ameteps of the fun and the moon; and the fun’s
Orary motion. But with refpeét to the partigular
s 2 mode
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mode of performing the neceffary calculations, I
muft refer the ingenious reader to the works written
profefledly upon the fcience of aftronomy*; and fhall
only add a few other particulars, which deferve to be
remarked with refpect to folar eclipfes. .
“ The middle of a folar eclipfe will not be at the
fame time in all places on the fame meridian; for
the parallax of longitude will be different in different
latitudes. The excefs of the apparent diameter
of the moon above that of the fun in a total eclipfes
is fo fmall, that darkne(s feldom continues: more
than four minutes in the latitude of London. In
moft folar eclipfes, the moon’s difc is covered with
a faint light, which is attributed to the reflection of
the light from the illuminated part of the earth, In
total eclipfes of the fun, the darknefs is fometimes
fo great as to render vifible the planets that ar¢
above the horizon, and ftars of the firft and fecond
magnitude. In fuch eclipfes the moon’s limb
feen furrounded with a ring which appears much
brighter and whiter near the moon’s body thad
at a diftance from it ;. this ring in all refpeds re-
fembles theappearance of an enlightened atmolf; pher€
viewed from a diftance ;. but whether it belongs ¢
thc moon or the fun, is not entirely decided, *thou"h

e

*- See Flamftead’s Methed in Sir Jonas Moore’s S_‘,ﬂ'cm
of MglthenmtECa, Jol. I, Keill’s Aftronomical Le&ures
¥ rrrutuus Aftronomy, Vince's Aftronomy, and ()regorY i

“i_.;o.;omv, on the Subjeét of Eclipfes,
it
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it is generally fuppofed that it belongs to the
former,

 With refpe& to the wumber of eclipfes of both
luminaries, it may be obferved, that there cannot
be fewer than two, nor more than {even, in one
Year; the moft ufual number is four, and it is rare
to have more than f{ix. The reafon is obvious ; for
the fun pafles by both the nocdes of the moon’s
Orbit but once in a year, unlefs he pals by one of
them in-the beginning of the year, in which cafe he
Wi'l pafs by the fame again a lictle before the end of
the year.

‘ Since the nodes move backwards 193-° every
Year, they would fhift through all the points of the
tcliptic in 18 years and 225 days; and this would
be the regular period of the return of the eclipfes,
if any complete number of lunations were, per-
formed in it, without a fraction; but this is not
the cafe, However, in 223 mean lunations, after
the fun, moon, and-nodes, have been once in a line
of conjunction, they return fo nearly to the fame
?Cate again, that the fame node, which was in con-
WMnétion with the fun and moon at the beginning
(ff thefe lunatiors, will be: within 28 127 of the
¥lne of conjunétion, when the laft of thefe lunations
% Completed ; and in this period there will be a re=
8Ular return of eclipfes, till it be repeated about 40
Umes, or.in about 720 years, when the line of
the nodes. will be 28 %40 from the conjunétion,
A8d will, confequently, be beyond the ecliptic limits:

83 this

~
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this is called the Phinian period, or Caldean fares; it
contains, according to Dr. Halley, 18 Julian years,
11%, 7%, 437, 20°; or, according to Mr. Fergu-
fon, 18 years, 119, 7% 42", 44°. In an interval
of §§7 years, 21% 18" 11", 51’ in which there
are exallly 6890 mean lunations, the conjunction
or oppofition coincides fo nearly with the node, as
not to be diftant more than 11”. If therefore, to
the mean time of any folar or lunar eclipfe, we add
this period, and make the proper allowance for the
intercolary days, we fhail have the mean time of
the return of the fame eclipfe. This period is fo
very near, that in 6000 years it will vary no
more from the truth, than 8 I minutes of a de-
preewe

After what has been faid above concerning the
eclipfes of the moon, we need not fay much with
refpeét to the eclipfes of the fatellites of ‘the other
planets ; for they muft evidently be calculated after
the fame manner, and the calculations muft be
eftablithed vpon fimilar particulars ; as far, how-
ever, as may be obtained, conﬁderi'ng that ouf
knowledge of the irregularities of the movements of
thofe fatellites is as yet imperfeét.

In calculating the times of the eclipfes of the
fatellites of Jupiter, which indeed are, befides the
moom, the only eclipfes of fatellites that are no-

1
B

* Gregory’s Aftronomy, Chap, XIX.
ticeds
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ticed, zn allowance proportionate to the diftance
of the planet from the earth, muft be made
on account of the progreflive motion of light,
3 we have elfewhere noticed ; but befides this
Caufe, it has been obferved, that when viewed
by different perfons and through different te-
lefeopes, the eclipfes of the fatellites of Jupiter do
fot appear to take place exatly at the fame time';
the reafon of which is, that as the fatellite is pro-
greflively or gradually obfcured when it enters the
fthadow of the planet, and gradually enlightened
When it emerges from that fhadow, its difappear-
ance in the former cafe, and its reappearance in
the latter cafe, muft be feenr fooner or later, ac-
Cording to the goodnefs of the telelcope and the
dcutenefs of the obferver’s fight. This caufe of
Crror in obfervation, cannot be remedied without
Afcerraining the power of the telefcope, &c. from
tual experiments, and making a fuitable allow-
dnce, -

The theory of eclipfes is not a fubjett of ufe-
ke curiofity ; but feveral effential advantages are
detived from it. From the various phenomena of
the eclipfes of the fun and moon,. we derive a
“Onfirmation of the figures and fizes of thofe bo-
d“’:s, as alfo of the earth. All the eclipfes, par-
Hcularly thofe of the moon, and of the fatellites
e upiter, which happen much more frequently,
¢ of very great ufc for determining the longi-

S A tudes
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tudes of places on the {urface of the earth. We
may laftly-add, that the knowledge of eclipfes has
been of great chronological utility, as the precife
times of feveral remarkable events have been al-
certained by calculating backwards the times of
eclipfes, which have been faid in biftory t0
have accompanied, preceded, or followed thofe
events.

The occultation of the fixed ftars by the moon,
and their reappearance, are alfo of great ufe for
determining the longirudes of places upon the
furface of the earth, Their difappearance is {0
{udden, that the time of it may be obferved with
great accuracy. The only difficulty which at-
tends the fubject of occultations, is, that the
movements of the moon cannot be entirely cal
culated with all the precifion which might be der
fired; yet it muft be acknowledged, that the
tables of thefe movements have of late been won~
derfully corrected ; fo that the occultations as aré
now ftated in the nautical almanack, and elfe-
where, may be depended upon as being fufliciently
ufeful for the purpofe of determining the longl”
tudes of different places.  For inftance, fuppﬂ{"
that the occultation of a tertain ftar by the moom:
is, accarding to calculation, to take place at 1!
o'clock, P. M. Greenwich time ; but being ob-
{erved from another fituation, and making the P€”
ceflary allowances, according to the precepts, ic be

A fount
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found to take place at half paft eleven, the copclu-
fion in the laft mentioned fituation is 7 % degrees
€aft of Greenwich; for (by converting the time
into fpace at the rate of 15° per hour), the half
hour s equivalent to 74 degrees; and at a place
Which is 7 £ degrees eaftward of another it muft.
be 11 2 o’clock, when at the latter it is only 11.

Thofe ftars whofe latitude does not exceed 6°,
36", north or fouth, may fuffer an occultation from
the moon, fuch as may be obferved from fome part
of the furface of the earth; but their eccultations
May be cbferved from all parts of that furface which
have the moon above the horizon, when their lati-
Wudes do not exceed 4°, 327%.

With refpe@ to the tranfits of Venus and Mer-
Cury over the difc of the fun, we have elfewhere
ﬂlf‘wn that they cannot take place at every con-
JUH(‘:"Uon, becaufe the orbit of Venus makes an
angle of 3°, 23", 357, and that of Mercury makes
#n angle of 7° with the ecliptic ; in confequence of
Which either of thofe planets cannot be feen over
the difc of the fun, unlefs at the time of conjunc-
ton the planet be {o near its pode as that its geo-
Centric latitude be lefs than- the apparent {emi-
diamerer of the fun.

¥ See the method of maki ing the calculation for an oc-

c
“hullon in Vince’s A”:_JD:IOI]]}, or in Gregory’s Aftro-
Dnmy *

The
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The chief ufe of the obfervations of thofe tran~
fits, which do not frequently happen, efpecially
that of Venus, is to detefmine the diftance of the
fun from the earth, or its parallax ; from which and
the well known analogy between the periods and
the diftances of the planets, the diftances of 2ll
the planets may be determined, as has already
been done*.

—.--"’

* For the method of calculating tranfits, and other pa™
ticulars relative to them, the reader may confult almeft &y
of the late writers on aftronomy,




[ “263')

CHAPFP XIV.

OF THE ASTRONOMICAL INSTRUMENTS, AND
THEIR USE.

H E number of aftronomical inftruments
which have, at various times, been con-
Yived for a variety of aftronomical purpofes; the
"Mprovements which they have received from time
 time, particularly of late years, and in this coun-
U9, would form the contents of a curious hiftory,
fuch indeed as might be both agrecable and ufeful
. feientific perfons ; but fuch an hiftory cannot
® expected, nor indeed is required in an elemen-
"y work like the prefent ; yet it would be im-
Proper, to let the reader remain perfe@ly unac~
Wainteq with thofe inftruments, by the ufe of
ich moft of the foregoing particulars have been
eterrnimsd_, or may hereafter be verifiede 1 fhall
therefore briefly fubjoin a competent defcription of
© Principal inftruments that are at prefent ufed by
*ronomers, and fhall, at the fame time, add very
!ittle more than the mere definitions of fuch other
lnp"'Lli‘nents as are either not effentially neceflury,

®F that are 100 common to need a defcription,
The
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The principal inftruments for a fixed obferva-
tory, are a large fixed quadrant, or-a circular di-
vided inftrument, chiefly for meafuring vertical
angles ; a tranfit inftrument ; an equatoreal inftru-
ment ; a chronometer, or regulator ; one or mor€
powerful telefcopes ; a fixed zenith telefcope, and 2
night telefcope,

The quadrant, or quarter of 4 circle, divided int®
90°, and each degree fubdivided into minutes
or fmaller parts, has been made of various fizes
fome of them having a radius even of 8 or g of
more feet in length.  When thofe quadrants do nof
exceed one or two, or at moft three feer in radivs
they are generally fixed upon their particular fands
which are furnifhed with various mechanical. contri-
vances, that are neceffary to place the plane of the
quadrant perpendicular to' the horizon, and for all
the other ncceffary | adjuftments. But large qué”
drants are fixed upon a ftrong wall by means ©
proper clamps ;  hence they have been cormmonty
called mural quadrants, and are finated in the plan®
of the meridian of the obfervatory. In' either o
thofe quadrants an index, which reaches from the
centre to the edge of the arch, moves round tha®
centre, or round a fhore axis which paffes through
that centre, lo as to be moveable with its c-.\u:rem'“_)r
all round that arc, and thus point out on-the dl"f"
fions of the arch, the angle which it forms with ¢
horizon, or with the vertical line, in any give?

. e = - = 1l
fitvation. This index carries a telefcope, t]nou‘;,{
whicit
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Which the obferver looks at any particular object,
Whofe altitude he wilhes to determine.

Fig. 4, Plate XXIX. reprefents a pretty fimple
Conftruction of a fmall moveable quadrant, and
fig. ¢, reprefents a mural quadrant. Of the qua-
dranr, fig. 4, CEB, is the arch divided into go°,
and generally [ubdivided into imaller divifions, fuch
As half degrees, or third parts of each degree, &c.
The centre of the arch is at A, and the whole'is con-
Nected together by means of firong metallic bars, as
is fhewn between the letters ABC in the figure, in the
Centre A, a fhort axis is fixed perpendicular to the
Plane of the inftrument, and to the upper part of
this axis is faftened the index AD, which carries the
telefcope. ~This index generally has a fmall lateral
Projection, as at E,; upon which the nonius is marked,
by which means the minutes or fmaller parts of
fach:degree may be difcerned *. The ferew P,
c()F)I‘ll‘nonly called the taugent ferew, with a nut
that may be faltened to any part of the arch BC,
ferews fikewife into the extremity of the index,
30d is ufeful for' moving the index gently or more
CCurately than by the immediate application of the
hand o the index itfelf. :

Since the index is fufpended at one end; viz. at
A, if the other end D happens to be difengaged
om the ferew P, that lowerend D of the index
\._

- - = . =
With refpect to the nature of the nonius or vernier,
ce = .
Page 461 of the fecond volume of this work.
will
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will naturally come down to C, on account of 1t$
own weight, and that of the telefcope. Now, 11
order to avoid this tendency downwards, an arm
Y of brafs or iron, 1s frequently affixed to the upper
part of the index, which carries the leaden weight Z;
fufficient to balance the weight of the index and te-
lefcope 5 fo that by this means, even when difen-
gaged from the fcrew P, the index will remain in
any fituation in which it may be left. The whole
frame ABC is fupported upon a ftrong vertical axis
FS, the lower part of which turns into the pedcﬁ’al
QKm, and carries an index S, which movesupon the
divided horizontal circle Q, fixed to the pedeftals
This ferves to fix the plane of the quadrant in any
azimuth that may be required.  The lower part of
the pedeftal has three claws, with a ferew 2 i0
each ; by which means the axic FS may be fet trulf
perpendicular, The plummmet AQ, fufpended at A,
ferves to fhew when the edge AC of the inftrument
is truly perpendicular, or when the firlt divifion of
the arch at C is exactly in the vertical which pﬁﬁfﬁ
through the centre A of the quadrantal arc BCe
The weight I of the plummet generally moves in'?
glafs of water, which is fixed upon the arm GR;
the obje@ of which is to check the vibrations of €€
pendulum ; which otherwile would be eafily moved
by every breath of air, and would continue to mo¥®
for a confiderable time after. I omit to mention the
lehfes or microfcopes that are applied to read off th°

9., & . » c
divifions at E, and at #, or to fee the coincidence of th
plum!net'
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Plummet.line, with a dot marked upon the arc
8t C, as matters that need no partieular deferip-
tl()n‘

In the eye-tube of the telefcope AD, there are
“tiain flender wires, placed in the focus of the
®¥e-lens, and ‘perpendicular to the axis of the te-
tftope, which enable the obferver to diftinguith
More accurately when an object, that is feen through
‘e telefcope, reaches the axis of the telefcope, or
%itis more commonly called, the Jize of collima-
“n, &c. Now when the ftars or planets are ob-
%rveq ar night, thofe wires in: the eye-tube cannot
€ feen; therefore, to render them vifible, an arm
% wire js fixed occafionally at the end of the te-
[cope, which arm holds a fmall piece of ivory or
Sarg z, fet aflant to the axis of the telefcope; for
"Iht‘n a lighted candle orlanternis fituated at a little
(‘i&aﬂce, and is direted fo as to fhine upon the
Ove-mentioned ivory or card, the refle€ion of
"€ lishe from it into the tube of the' telefcope will
inablff the obferver to diftinguifk the wires at the

“Me time that he beholds the celeftial objed.
The mural quadrant, fig. §, Plate XXIX. isa
:Sger inftrument like the above, excepting that it
Do ftand; and its index is prevented from
“ding on account of its great length, by means of
Metallic barsd, f, b, ¢. ‘This inftrument is firmly
;:e: upon a wall exa@ly in the plane of the meri-
of the obfervatory, for which purpofe it has
clamps, -
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clamps, fcrews, and other adjuftments. It has like-
wife a2 plummet.

This undoubtedly is the principal inftrument of
an obfervatory ; for by obferving the times by th
dock, of the arrival of any celeftial objet to the
meridian, the right afcenfion of that object is had
immediately 5 and its declination is (hewn at the
fame time by the index of the quadrant upon the
divided arch ; dedudting the inclination of the
equator, which is given by the latitude once afcer*
wained of the obfervatory. It is by this means tha
exact catalogues of the places of the fised (tars ha?®
been made.

‘The principal defeéts of thofe quadrants are the
change of fthape, which they frequently fuffer fro®
the weight and frefs of their own parts, and the
difficulty of determining the error which is intr%®
duced amongft the divifions of the arch from ghat
change of [(hape,

Principally with a view of remedying thole de”!
fe&s, the late improved ftate of mechanics has i
troduced whole circles inftead of quadrants; ant
thefe are fixed upon their own particular ftand®
quite independent of a wall.  The index, with pit
telefcope, of thofe circular inftruments is as long i
the diameter of the divided circle, and has w?
nonius divifions at its two extremities, which

to the like divifions on two oppofite parts of f'[’
rch
by

‘

Poliﬂ[

circle, provided the inftrument be exact ; othe
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by their pointing to diffimilar divifions, they in--

fanty manifelt the incorre@ frate of the divifions,
Or the derangement of the parts of the inftru-
Ment,

I thall not fubjoin a'particular defcription of fuch
Circular inftruments, firlt, becaufs it is not effentially
feceflary for our prefent purpofe; and, fecondly,
becaufe it would take up more room than we can
Conveniently allow it in this work. = A very good
defeription, by the Rev. F. Wollafton, of an ex-
Cellent inftrument of this fort made by Mr. Cary,
I8 to be found in the fecond part of the volume of
the Philofophical Tranfacions for the year 1793.

The sranfit infirument confifts of a telefcope of
Ny convenient length, fixed at right angles to an
horizontal axis, which axis is fupported at its two
Sxtremities ; and the inftrument is generally firuated,
fo that the line of collimation of the telefcope may
Move in the plane of the meridian. The ufe of this
"ftrument is to obferve the precife time of the
Celeftial bodies paffage acrofs the meridian of the
Obfervarory.

Fig, 6, Plate XXIX. exhibits a tranfic inftrument.

M is the telelcope, in the eye-tube of which
Ay em of parallel wires, fuch as is reprefented at

I is firvated in the focus of the eye-lens, FE is
the horizontal axis, in the middle of which the
felefeope js fteadily fixed ; fo that by moving the
tcl"fmpe, the axis is forced to turn round its two
“ttemities E and F, which reft in the notches of

YOL, 1v. T (4
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two thick pieces, T, S, of bell metal, fuch as are
delineated feparately, and magnified ac N, I
and IIl. " Thofe pieces are generally fixed upon
two pillars, either of caft iron, or, which i
better, of ftone, as are fhewn in the figure ; and
they are conftructed fo as to be fufceptible of &
fmall motion by means of flides and ferews
viz. the piece T backwards and forwards, and the
piece S upwards and downwards; by which means
the axis EF of the inftrument may be fer, and
caufed exactly horizontal, to move perpendicular to
the plane of the meridian. In order to verify the
firlt of thole requifites, viz. to fee whether the axis
is truly horizental, the long fpirit-level PQ_is fuf®
pended upon it by means of the metallic branches
PO, and. QR ; and the fituation of the bubble if
it will immediately fhew whether the axis be truly
horizontal, or which way it inclines, and of courfé
where it muft be raifed or depreffed.  The othef
requifite, viz, whether the'axis be perpendicular 0
the plane of the meridian, or not, may be verified
by various means, the beft of which is by obferva
tions o thole circumpolar ftars, which never go be”
low the horizon of the obfervatory. = Thus, obferve
the times by the clock, when a circumpolar ftar, fec?
through the telefcope N M, croffes the meridia?
both above and below the pole; and if the times®
deferibing the ealtern and weftern parts of it circt!®
are equal, the telefcope is then in the plane of e,
meridian, confequently the axis EF is perpendic?”

las to that plane; otherwife the notched pieces
an
4 :
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And S, which fupport the extremities E, F, of the
W&is, muft be moved accordingly, or until upon
Obfervation it be found that the above-mentioned
tines of the ftars’ femi-revolutions be equal *,

The eylindric extremity F is perforated, and the
Perforation paffes through the half of the axis, and
Teaches the infide of the telefcope; that fide of the
tlefcope tube, which is exactly facing F, being allo
Perforated. Within the faid tube, and dire@ly op-
Pofite to the perforation of the end F, a plane re-
H“-‘&or, or 2 flat piece of ivory, is fixed, making an
ngle of 45° with the axis of the telefcope, and

aving an hole through it large enough to admit all
the rays pafling from the object-glafs to the eye-glals
Of the telefcope.

When ftars or other celeffial objefts are to ) be
Obferved in the night time, a fmall lantern Y is fec
UPon a ftand juft before the perforation of the ex-
Yemity F, fo as to throw the light within the axis,
30d upon the flant refleftor within the tube of the
ttlefmpf, whence it is refleSted upon the wires in
the eye-tube M, and renders them vifible. By
P 13-Cing the lantern nearer to, or farther from the
\_;

* When the inftrument has been once fo adjufted, a
ark may be made upon a houfe, or rock, or poft;y at fome
lﬂance from the obfervatory, fo that when vlnwed through
e telefcope, this mark may appear to bein the direction of
®axis of the telefcope 3 by which means the correét fitua--
Non of the infirument may afterwards be readily verified.
T2 extremlty
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extremity F, the obferver may illuminate the
wires fufficiently for the purpofe, and not to0
much.

To the other extremity I, of the axis, a di-
vided circle, or fometimes a femi-circle, is fixeds
which turns with the axis ; the index being fixed
to the pillar which fupports the axis. Sometimes
the fituation of thofe parts is reverfed: viz. the
circle is faftened to the pillar, or to the brafs picce
which fupports the axis, and the index is faflened
to the extremity E of the axis. The ufe of thi$
circle is to place the telefcope in the dire@ion of
any particular celeftial body, when that body crofles
the meridian ; which inclination is equal to the cok
latitude of the place, more or lefs the declination of
the celeftial body, according as that declination i
north or fouth,

The equatorial infirument is not fo generally ¢
be found in aftronomical obfervatories ; yet, whe
properly conftruéted, it anfwers feveral ufeful pu
pofes; it ferves almoft inftead of all other inftré
ments, and faves a good deal of calculation i
feveral cafes ; hence the portable equatorial in”
ftruments, have frequently been called portable ob
Jervatories.

The principal parts of an equatorial inftrument
are an axis fixed in a proper frame, {o as to fla
parallel to the axis of the world, and to turn rouf
its two extremities, as if it were the axis of ¢
earth upon its two poles, A circle divided 0%
degrecﬁr
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degrees, and likewife into 24 equal parts or hours,
With the fubdivifions, &c. is fixed perpendicularly
9, and about the middle of the axis. Therefore,
this circle is in the plane of the equator, and it is on
this account that the inftrument has been called an
“quatorigl.  Upon the fame or principal axis there
I8 another circle, or a femi-circle, which moves in
the plane of the axis, confequently perpendicular to
the equatorial circle. This vertical circle carries
the telefcope, and is called the decknation circle.
Now if a celeftial body move in the equator, then
the declination circle muft be fer at Q°; viz. the
®elefcope is fet parallel to the equatorial circle ; and
Wrning the whole inftrument round its principal

3%is, fo far from the meridian as the celeftial body

M queftion is from it, you will fee that objeét
dirﬁ@tly through the teléfcope. But if the given
0dy have any declination, viz. if it be not ex-
@y in the equator, then the declination circle with
Fh‘: telefcope muft be fet accordingly, &c. Such,
0 fhore, are the principal parts of an equatorial
NMrument for a fixed obfervatory, where thofe
Parts are adapted to mafonry work, or to other
tady fupports, But a portable equatorial muft
Ve fome other parts, which are neceffary for
“ifying it according to the latitude of any re-
Mired place,  for holding the whole machine
&Eaduy, &c.; hence it 1s furnithed with a ftand,
M horizontal circle with {pirit levels, &c. I do

T3 not

2
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not attempt’ to delineate or to defcribe all the
ufes of an equatorial, as our limits do not admit
of it.

Various arrangements of the above-mentioned
parts have been adopted by various argifts ; but the
beft inftruments of the fort, both porcable and fof
a fixed obfervatory, were unqueftionably contrived
and executed by that great mechanical genius, the
late Mr. . Jeffe Ramiden. A fhort defcriptiont
of his portable equatorials was fome years agl
publithed by itfelf, and has been tranfcribed iB
various dictionaries of arts and fciences, The
beft large inftrument of the kind, as far as [ knoWs
which was likewife conftructed by Ramf{den for Sif
George Shuckburgh, is:now in the poffeflion of the
fame, who has publifhed a very accurate defcriptios
and a delineation of it in the Philofophical Tranf
ations for the year 1793.

Of all the different forts of chronometers, ©F
time-keepers, a pendulum-clock, when propetly
conftructed, is undoubtedly capable of the great
accuracy ; it being liable to fewer caufes of ob
ftrution or irregularity ; therefore fuch machiné®
are moft recommendable for an obfervatory. The

fituation of this clock muft be near the quadraﬂf’
and near the tranfit inftrument; fo that the ob-
ferver, whillt looking through the telefcope of 3”-%
of thofe inftruments, may hear the beats of the clock
and count the feconds.

1 need
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I need hardly obferve with refpeét to telefcopes,
that they are of very great ufe in an obfervatory.
Indeed a telefcope for the fame can never -be too
800d or too large ; and it {hould be furnithed with
Micrometers, with different eye-pieces, &c.; but
3 a large inftrument of that fort is not eafily ma-
Raged, nor is always required, fo there fhould be
Yo or three telefcopes of different fizes and dif-
ferent powers in every obfervatory.  With: refpect
' the conftru@ion of telefcopes: enough has been
faid in the third volume of this work ; but I fhall
only obferve in this place, that one at leaft of
the telefcopes ought to be fixed upon'an axis
Which may move parallel to the axis of the earth
for in this conftruétion the celeftial bodies may,
With the telefcape, be eafily followed in their
Movements, as. the hand of the obferver is, 1n
that cafe, obliged to move the telefcope in one di-
Tetion only.

A pretty good telefcope, placed truly vertical in
N obfervatory, is likewife a very ufeful inftru-
Ment, as the aberration of the ftars, latitude of
the place, &c. may be obferved and us:u:rmlned by
the ufe of fuch an inftrument, with great eafe and
Aturacy.,

The night telefcope is a fhort telefcope, which
Magnifies very little; but it colletts a confiderable
antity of light, and has a very great field of
View ; it therefore renders vifible feveral dim objecs,
Which cannot be difcovered with telefcopes of con-

T 4 fiderably
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fiderably greater magnifying powers ; and hence it
is very ufeful for finding out nebule, or fmall
comets, or to fee the arrangement of a great number
of {tars in one view. :

The principal inftruments that are at prefent ufed
for marine aftronomy, or for the purpofes of navi-
gation, are that incomparably ufeful inftrument
called Hedley’s fextant, or quadrani, or oftant;
portable chronometer ; and a pretty good telefcopes
With thofe few inftruments, the latitudes, longi-
tudes, hours of the day or night, and feveral other
problends ufeful to navigators, may be accurately
folved. The defcription and the various ufes of
Hadley’s fextant, may be found in all the works oB
navigation of the laft 30 or 40 years, as alfo in all
the modern’ dictionaries of arts and fciences. [
fhall not fay any thing with refpeét to other inftru~
ments of lefs effential ufe; fuch as a zenith {ectors
an equatorial feGtor, an equal altitude inftruments
fun-dials, &c.*

* With refpect to fun-dials, I muft not omit to recom-
mend the ufe of what is called the univerfal ring-dial, 19

thole gentlemen who, in travelling, wifh to fet their watche®
within four or five minutes of common time, for common
purpefes ; which in moft country places, where even the
church-clock is much out of the true time, cannot be eafily
accomplifhed. The ring-dial when properly conftruéteds
and from four to fix inches in diameter, is eafily ufed in af
part of the world ; is a cheap, very portable, and durable 17~
firument ;. and, when the fun fhines, it {hews the time of the

.t 4 . - qtien
duy within lefs than five minutes; allowing for the equati®

of time, which is ftated in almoft every almanack.

Undt"f
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Under the title of aftronomical machines, fome
Writers doalfo reckon orreries, planetariums, globes,
Machines for thewing eclipfes or tranfits, &c, but
thofe only ferve to illuftrate the theory of aftronomy,
and as fuch they are undoubtedly of ufe in a le€ture
T0om, or to inftruft novices. For this purpofe I
Would give the preference to 2 pair of globes ; for
thefe are neither very expenfive, nor eafily put out
of order ; and are, at the fame time, ufeful for the
folution of a great many problems, as will be fhewn
in the next chapter. ‘

Anorrery 1s a very fit machine to thew the fyftem
of the world, and fome of them have been made ar
0 enormous expence, with a great complicatien of
Wheels and other parts, by which means they have
Imitated the principal movements of the celeftial
Bodies; but even the beft of them fall very thort of
Teal accuracy ; and of courfe they are quite unfit for
the purpofes of calculating the future fituations of
the celeftial bodies. With refpe& to the deferip-
tion of orreries, planetariums, &e. I mult refer the
*ader to the works of other authors, efpecially to
I'el‘gufon‘s Aftronomy, and to his Lectures ; as alfo

' the various tracts of Benjamin Martin,




CHAP. XV.

THE USE OF THE GLOBES, AND THE SOLUTION OF
VARIOUS ASTRONOMICAL PROBLEMS.

WO globes, one to reprefent the celeftial

fphere, and the other to reprefent the furface
of the earth, are commonly made for the purpofe of
inftruéting ftudents in aftronomy and geographye
They are made of various fizes, and have been va-
rioufly mounted in frames furnifhed with magnetic
needles, and a variety of extra pieces, intended by
the workmen to anfwer different purpofes. Thole
which are delineated 1n fig. 7 & 8, Plate X XIX. ar¢
of the moft ufval form, and fuch as are quite fuffi=
cient for the purpofe of illuftration, and for the 0
Iution of the problems which may be expected to be
folved by means of the globes. And here I muft
once more requelt the reader to recolleft that the
circles, poles, &c. which are cither delineated upo?s
or annexed to the frames of thofe globes, are by ne ‘

means-exifting in nature; but they are ideal circles
or lines, or points, or zones, which are of ufe only
for exprefling our ideas, or meafures, &¢. On the
. real globe of the earth there is only the diﬂiné‘ti*”r}
i 0




The Ufe of the Globes, & 283

of land and water., In the heavens we perceive the
fun, the moon, the fixed ftars, the planets, and
Nowr and then a comet ; which bodies are undoubt-
edly ar different diftances from us; but fince to
Common fight they appear to be all equally diftant,
therefore they are delineated upon the furface of a
globe ; and, if* conveniency would allow it, they
Qught to be delinecated on a concave fpherical
furface.

With refpeét to the aftronomical problems, which
muft be folved by calculation, or by the ufe of in-
framents, I fhall add in the note a few of them only
that are of more common ufe and lefs operofe. It
Would be impracticable to infert a complete col-
le&ion of fuch problems in this work, and the
teader, who is defirous of going deeper into the
fcience of aftronomy, will find abundance of them
in the works written profeffedly upon that fcience,
fuch as De I Lande’s, De la Caille’s, Vince’s, Gre-
gory’s, and others (1).

The

(1.) 1. T0find the Meridian of the Place of O, Eruation,
J o

or to draw a Meridian Line,

A line drawn from the floor of a room or elfewhere, and
M the plane of the meridian, fo that the rays of the fun
“oming along the edge of a window, or through a hole in
the adjoining wal perpcnulcuiarl y above one end of the line,
M2y be upon that line whenever the fun is in the nieridian
at
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The ftands, with the frames which fupport the
globes, are fo fimple, and fo evident in the figures
as

at noon, is of great ufe for reflifying a globe, for fituating
a moveable quadrant in certain cafes, for regulating a com-
mon watch, &c.

The cafieft methed of delineating it is as follows > On
an horizontal plane defcribe three or four concentric circless
and placing a convenient ftand near thofe circles, let a plum-=
met, 2s BC, fig. g, Plate XXIX. confifting of a thread, with
a leaden fhot at its lower extremity, be fufpended from a pro-
jection AB of the faid ftand, fo that its lower extremity C may
be juft over, but not touch, the commen centre of the circles:
A knot muft be made fomewhere, as at K, in the thread of
this pendalum. When the fun fhines in the morning, ob-
ferve where the fhadow of the knot K ‘touches one of the
circles, as for inftance at D, and draw the line D C, viz.
fiom the centre C to the mark D. After this time, the
{hadow of the knot will be found to fall within the circle
until 2 certain time, after which, viz. in the afternoon, it will
again approach that circle. Now when you find that the
faid fhadow falls upon the fame circle, as at F, mark
that place; and draw another line CF from the centre C to
it.  Laftly, bifect the angle DCF, and the line of divifion
CE is the meridian line, or line in the plane of the meridian.
of the place; for the projection of the fhadow of CK upot
the horizontal plane, is longer or fhorter, according to the
various elevations of the fun; confequently it muft be
egually long when the {fun is at equal altitudes, viz. equally
diftant from the meridian. Therefore the middle fituation
CE between the twe fituations DC, FC, muft be the

wrue meridianline,  This operation proceeds upon the fup~
poﬁ[ian




aud the Solution of Problems. 283
s to require no particular defcription. Each of

thofe ftands fupports, and is firmly fixed to, the
broad

—

pofition that the fun is equally high above the horizon, at
®qual times from noon,. which is not exaétly the cafe, be~
Caule the fun is continually changing its declination; yet
that change is not fo great as to occafion any fenfible esror
i the zbove-mentioned operation. The beft time of the
¥ear for drawing & meridian line is about Midfummer ; the
daily or hourly change of the fun’s declination at that time,
being very little, '
When a meridian line has thus been drawn, another me-
tidian line, in 2 more convenient fituation near the fame place,
May be eafily drawn. Thus fufpend a thread and plummet
Juft over the fouth end of the known meridian line, and fuf-
Pend another plummet over the fouth end of the intended
Meridian line. When the fun fhincs, let an obfervér give
Hotice when the fhadow of the firli mentioned plummet line
fal]s exally upon the known reridian line, and at the fame
Mitant let another perfon mark two points in the thadow of
the fecond pendulum, viz. upon the plane where that
Sther fhadow is projedted. Thenaline drawn through thofe
Wo marked points, is the other meridian line fought. A
Meridizn line thus drawn, may be correfted by repeating the
Bove.mentioned operation at other opportunities,

L, To find the Latituds of the Place of Qbfervation, and con-
Jequently the Elevation of the Pole far that Place.

]BY means of a quadrant, find the fun’s apparent meridional
alg . e :

" ftude; viz, the greateft altitude above the horizon that the
B does reach on the day of obfervation; and in order to

deduce
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broad circular piece H &, which reprefents the ho-
rizon, M is a brafs circle, which fits two notches
made

deduce the true altitude from this, which is the apparent al-
titude, you muft apply the fallowing corretions, viz. 1t If
you have obferved the altitude of the fun’s upper or lower
limb, you muft accordingly add or {ubtract the femi-diametct
of the fun’s difc (which is given in the nautical almanack
for every day) {o as to have the aliitude of the fun’s centres
2dly, Subtract the refraclion correfpondent to the obferved
altitude ; and, 3dly, add the fun’s parallax in aldtude (which
particulars are to be had from the nautical almanack, and
from the tables requifite to be ufed with it from which
fome of the following problems are taken), and the refult 8
the correct meridional altitude of the fun’s centre. Subtrack
this corrected altitude from 9o’ and the remainder is the
true diftance of the {un’s centre from the zenith 3 which i
to be called ubrth or fouth, according as the zenith of the
plaee is north or fouth of the fun’s centre. Take the fun’s
declination for the day of obfervation, out of the almanacks
obferving if it be north or fouth declination.  Then if the
zenith diftance and the declination be both north or both
fouth, add them togethers but if one be nortli, and the othex
fouth, {ubtratt the lefs from the greaters and the fam in the
firft cafe, or the difference in the {econd cafe, is the latitude
of the place, of the {fame name with the greater, viz. porth

or fouth.
In correfing the apparent or obferved altitude, fome othet
muﬂ:

correction is fometimes neceffary to be applied, which
y the

be derived from the nature of the infiriiment with whicl
. ; : VN ade
altitude is taken; for inftance, if the chfervation be M@

with an Hadley’s fextant, and an artificial horizon, you ““I’i
;@
t2
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Made in the horizon H#4. It is fixed perpendicu-
laf'ly‘ t it, and may be moved verticaily, fo that any

part
""‘-I—._

Yake the half of the angle which is fubtended at the eye by the
fun ang by its refleCted image. If you oblerve the altitude at
2, and make ufe, according to cuftom, of the apparent ho-
fizon or boundary of the fea, you muft fubtralt what is called
the dip of the horizon (the quantity of which is found in the
table requifite to be ufed with the nautical almanack); for
cording as the deck of the thip is more or lefs elevated
bove the furface of the fea, fo the horizon appears to be
Wore or lefs deprefled.

Example. On the 13th of Auguft 1802, the obferved me-
Tidiona] altitude of the fun’s upper limb was 53° 54" 1

b fun’s femi-dizmeter, which muft be

fubtradted - - - - Lo ollB & R

T 53° 38 1o
he refraition, which muft be fubtrated o° o 43"

T b e
he parallax in ‘altitude, which muft be

added - & - - = o0 o 6"
ang

the fum, viz. 53° 37" 33", is the correfted elevation,

Whicd . - :
hich being fubtradted from gc®, leaves the north zenith

dd’cance equal to 7 4 £ - 360 227 ay”
he dechination, which, being likewife
rmrth, muft be added L Al o 33: 157
" their fum is the north latitude of the
Pla;e of obfervation, viz, - - - 50° 55 37"
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part of it may be placed above the horizon; ont
half always remaining below the horizen. The
globe is furnifhed with an axis, the extremities of
which, or poles, N, S, pafs through two fockets
or holes, made in the brafs circle M ; and as th€
globe may be turned round that axis, and of courf€

any part of its furface may be fituated under the
brafs

I, To find the Latitude of the Place from the a.’.-ﬁr-ﬁf{g
meridional Altituds of a fixed Star,

The meridional or greateft altitude of a ffar above the
true horizon, is to be obferved in the fame manner a5 the
altitude of the fun; but as the fixed ftars have no npparﬂf‘;
diameter, nor any fenfible parallax, therefore the only co™
reftion that can be applied to the apparent, in order to 0P
tain the corrected altitude, is the effect of refraftion, Thew
procecd as has been faid in the preceding problem, viz. fub”
tract the corrected altitnde from g0°, and the remainder i
the zenith diftance, which is north or fouth, according *
the zenith is to the north or to the fouth of the ftar at the
time of obfervation, Take the ftar’s declination out of tH¢
tables requifite, &c. obferving whether it be north or fouthr
Thea if the zenith diftance and declination be bath north @
both fouth, add them together ; but if one be north, and the
other fouth, fubtract the lefs from the greater, and the fum of
difference will be the latitude of the place of obfrvations

Example. The meridional altitude of the ftar Procy”
was obferved at fea with an Hadley’s fuxtant, and it appe®
to be 77° 27° 15" the zenith of the place being ibuthch"
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brafs cigele M ; therefore this circle iscalled the
Yniverful meridian, or the brazen meridiap, i diftinc-
tion from the meridians which are delineated on the

furface

o

the fiar, and the height of the obferver’s ‘eye being 22 fect
above the furface of the fea.  What was the latitude?
Apparent meridional altitude of Procyon = 77° 25" 15"
For the dip of the horizon, correlpondent to

22 feet of the obferver’s altitude, fubtradt @° 4 28

e e e
(] "

and there remains - - - lgyt o 47
Rcf‘radiiun, which mufl ibe fubtrafted - o©° © 1

-

it

and there remains. the true altitude of Pro-

Cyon - - - - Stie 227 24
Which being fubtrated from go°, leaves the

true fouth zenith difiance of Procyon = 12° 37" 26"
The declination of Procyon, which being

northy muft be fubtraéted - T
ad the remainder, viz. 6° 507 477, is the latitude fouth
Of the fhip at the moment of taking the fiar’s meridional
altityde,

e

V. 9% find the apparent Time by means of celefligl
Obfervations.

This ufeful problem may be folved various ways, of which
however T fhall fubjoin fuch only as are lefs operofe.

With a fixed inftrument, fuch as a quadrant or a tranfit-in-
Rrument duly fituated in the plane of the meridian, the exact
time of apparent noon may be readily afcertained ; for you
Recd only obfetve, when the centre of the fun is exaétly.in
the axis of the telefcope. Alfo,other times of the day, or of

YoL, 1v. U the
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furface of the globe itfelf, and which are the meri-
dians of thofe places only over which they ar¢
drawn.

The

i

the night, may be afcertained by obfe;viug the meridian paf*
fage of fome fixed ftar or planet, whofe diftance from the fuf
1s known. '

Though to obferve the arrival of the fun’s centre to the
axis of the telefcope may at firft fight appear to be an operd®
tion fufficiently fimple; yet as the prattitioner will pro”
bably meet with fome difficulty, 1 fhall add the followifg
directioris :

In the eye-tubes of the telefcopes of quadrants, circulaf
inftruments and tranfits, there always are certain perpcndi'
cular and parallel wires (generally five), by means of whith
the time of the approach of the fun’s limb may be accuratelf
obferved ; whence the time of the fun’s centre b"cing in the
meridian may be determined,  This time muft be cftimat®
by means of a clock or chronometer ; or, in other wordss
the obferver is to find what hour, minute, fecond, and }Jaf'r
of a fecond, is fhewn by the clock when the fun’s centr® té
upon the meridian; then; by applying the equation of tim®
for. that day, in which the obfervation is made, he will afc¢™
tain whether the clock is right, or how much it deviates fro™
wmean time.  In order to make the obfervation, fet the £

3 o, . a il
lefcope of the tranfit-inftrument to the proper altitudes ve

the altitude which the fun muft have at noon on that da):.,
and which is had by taking the fum or difference of the co”
Jatitude of the place and the fun’s declination for that :J"‘)"
according as they are of the fame or of different denomm‘«l.‘

: 2 4 i
tion. Then a few minutes before noon apply your ™
' (defend®




and the Solution of Problems. 291

The brazen meridian, being of a confiderable
thicknefs, cannot reprefent a real meridian, which
1s not more than a line ; therefore one furface or

one

{defended by a dark glafs) to the telefcope, and wait till you
fee the firft limb of the fun enter it; which will be appa-
Tently on the welt fide, becaufe thofe telefcopes, being of the
aﬁm'm'mc*.l kind, invert the objefts, When this happens,
let your affiftant attend to the watch; and, when the ficft
limb of the fun touches the &rft wire, bid him mark the fe-

Cond and part of a fecond, which is fhewn by the watch ;
and which muft be fet down in the firft column of a paper
that contains five columns, reqdy ruled for the purpofe. . He
muft then prefix the minute, and attend again to the watch,
When the fun’s firfi limb arrives at the fecand wire, bid him
again to mark the fecond, &c, which muft be fet down in
the fecond column of the paper, and after having prefixed the
Minute, he muft attend again to the watch. And in this
Manner the times, when the fun’s firlt limb arrives at every
One of the wires, muft-be obferved and noted down in its
Proper column. The times when the fecond imb arrives
At each of the five wires muft be obferved in the fime man-
Ber, and written in the proper columns under thofe of the
Birft, ‘If the wires in the focus of the tclefcope be fo dil-
Pofed, that there is not time to obferve the firft litnb at all
the five wires, before the fecond limb arrives at the firfl
Wire, the obfervation of the firft limb at the fifth wire muft
€ Omitted ; and, in this cafe, the obfervation of the fecond
imb at the firft wire may be omitted alfv, as u: will be of

No yfe,

The mean of the times, when the two limbs of the fun
Were at the middle wire, will be the time of apparent noon
U2 by
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one fide only of it muft be confidered as the meri-
dian; and, in fa@, the holes for the extremities of
the axis are not made' in the middle of the thicknefs

of

e

by the watch; and if the wires arc equi-diftant (as they
ought to be), the mean of the two times, when the firft limb
was at the firt wire, and the latter limb at the fifth wire, will
alfo be the time of noon. Alo the mean of the two timess
when the firft limb was at the fecond wire, and when the
latter limb was at the fourth wire, will be the time of noor
Likewife the mean of the times when the firfi limb was at
the fourth wire, and the latter limb was at the fecond wire,
will be the time of noon. If the firft imb was obferved at
the Jaft wire, and the latter limb at the firft, the mean of thefe
two obfervations will alfo be the time of apparent noon : and
the mean of all thefe refults, if they differ as they mofk likely
will, is the time of apparont noon by the watch. ' This dones
take the equation of time for the day of ebfervation from the
almanack, and add or fubtract it, according as is mentioned
in the almanack, to the above-mentioned noon time, and the
difierence of the refult from the 12 o'clock hour is the
acceleration or retardation of the watch. Thus, if by the
obiervation of the tranfit the apparent noon be at rzb 3* by
the watch, and the equation to be fubtracted is 2" 30", yo#
muft {ubtraét 2° 30" from 12* 35 and the remainder is 52"
o' 30" which thews that the watch is 30" too faft.

‘T'he above-defcribed obfervation may be performed by#
fingle perfon without any afliftant, provided he has a clock
fo near the inflrument as to hear the beats of its pendului™
and count the feconds whilft he is looking through the £
lefcope ; for ‘he will have quite time enough to mark dov"
the times of the fun’s approach to the different wires.

5 A {'econd
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of the circle M m, but by means of two projeétions
of brafs, they are made fo as to be even with the
above-mentioned furface, This fame furface of the

brafs

A fecond method of finding the time of the day when the
latitude and longitude of the place of obfervation, the fun’s
declination at noon, and its altitude as taken by a quadrant,
at any time, are known, is as follows:

Corre& the obferved altitude for the effeds of refraltion
and femidiameter of the fun (according as the altitude of its
upper or lower limb has been obferved), fubtraét the natural
fine of the correted altitude from the natural fine of the
meridian altitude (the meridian altitude of the fun is the
{fum or the difference of the colatitude of the place and the
fun’s declination, according as they are of the fame or of
different denomination ); find the logarithm of the remainder,
to which 2dd the logarithmic fecant of the latitude of the
place, and the logarithmic fecant of the fun’s declination ;
their fum, rejecting 20 from the index, muft be fought for in
table XVI. of the table requifite to be ufed with the nanti~
€al almanack, under logarithmic rifing, and the time cor.
*efponding to it, is the apparent time from the neareft noon,
When the fun’s altitude was obferved; confequently, if the
obfervation be made in the forenoon, the time, thus found,
muft be taken from 24 hours, and the remainder will be
the appareat time from the noon of the preceding day.

 Example. On the 5th of March 1780, in the afternoon,
W latitude 16° 24 north, and longitude 138" eaft, the al-
Htude of the fun’s lower limb was obferved to be 47° 8
#4". What was the apparent time when the obfervation
Was made ?

U3 The
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brafs circle, M, is divided into four quadrants of
90" cach; two of which are reckoned from M, viz.
from the middle, or where the equator cuts the me-

ridian,

The fun’s oblerved altityde - : 47° -8 44"

Refraction to be fubtracled - B or o 53"

e e

=0 i/ ]"

| 47 7 5

i - v g "

The {un’s femidiameter to be added - oI 9
————— |

The true altitude of the fun = < 47° 24’ o

Now with refpect to the declination, it muft be remarked
that in the nautical almanack, the declination is given only
for the noon of each day at the meridian of Greenwich ; but
as the fun’s declination is altering continually, therefore the
declinaticn, as given in the almanack, muft be altered ac-
cording to the longitude of the place of cblervation, and the
time of the day nearly. In order to facilitate this reduction
of the declination, 2 table, viz. table V1. is given in the
tables requifite, &c. by means of which the declination, a5
given in the nautical almanack for noon at Greenwich, may

be reduced to the declination for any time under any othef
meridian.

From this table, the declination for the meridian of the
place of obfervation, and for the time of making the obfervas
tion (which was eftecemed to be nearly 21 P. M.) was
fouth 50 48" 7

Now, as the declination is fouth, and the _cclatitude

noith, the leffer muft be fubtraited from the greater, viz.

73° 32

! 5r.v 4,8

| v dids el
48

and you have the meridional altitude - ! 67°
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tidian, towards each pole; the other two quadrants
are reckoned from the poles towards the other in-
terfeftion 'm, with the equator. When the globe is

rectified

.

The natural fine of the meridional altitude, viz. of 67° 48

is 2 - - - - 2 = qi587
from which fubtradt the natural fine of the corret
altitude, viz. - - - - - = 73610
and the remainder is - - - en 3> 18977
Whofe logarithm is - - . - - 427823
0 which add ‘the logarithmic fecant of the
declination - - - - il 000923
and the logarithmic fecant of the latitude =~ - 10,01804
——
24,2G850

Reje& 20 from the index of the fum, and the remainder,
¥iz. 4,29850, muft be fought for in table XVI. of the re-
Quifite tables, under the column of logarithms rifing, and
Againft it you will find the correfpondent time, which is the

2

Ume of making the obfervation, viz. 2" 27° 2"

V. Haging the Latitude of the Place of Olfervation, to
find its Longitude.

It has been mentioned in the preceding chapters of this
Volume, that the ]ongiuﬁdc of one place from another may be
Aeertained by various methods. Thofe methods may be
Teduced to four, viz. it may be afcertained, 1ft, by obferving
the time of an eclipfe of a fatellite of Jupiter ; but this can
“aly be done on land, when fuch eclipfes take place, and the
Weather is fufficiently clear 3 2dly, by obfervations made at

the time of an eclipfe of the fun or of the moon; 3dly, by
v 4 means
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rectified for experiment, this divided fide is ufually
turned towards the eaft, and the north pole, N, to-
wards the real north,

The

means of a time-keeper or chronometer ; and 4thly, by lunaf
cblervations, viz. by obferving the diftance of the moon from
the fun or from {fome fixed ftar ; which two laft methods may
be ufed almott at all times,

Refpeéting the firlt and fecond method, enough has beed
faid in the preceding chapters.. With refpeét to the fourthy
wiiich is the moft difficult and operofe,  muli refer the readef
to the medern aftronomical works, and efpecially to the tables
requifite to be ufed with the nautical almanack, where he
will find the lunar method clearly and corretly deferibeds
whilit T thall only briefly defcribe the third method, viz. by
the ufe of a time-keeper.

‘¢ If a chronometer or time-keeper be regulated to kee
mean time exadtly, and be fet to the mean time at the mes
ridian of one of the two pldcgs, whofe difference of longitude
is required ; for inftance, be fet to mean time at the meridiat
of Greenwich obfervatory. It is evident that fuch a chro®
nometer will continue to fhew the mean time at that me"
ridian as long as it continues to go at the fame rate, what®
ever place it may be carried to 3 confequently, if a watch fo
regulated; be kept on board a thip, it will always thew the
mean timé at the firlk meridian,  Hence, if the mean fM€
be found in the fhip, under any other meridian, by the pres
ceding problem, the difference between it and the time fheW?
by the chronometer, when the fun’s altitude was obferve™
being turned into degrees and minutes, at the rate of I.?o tf;
an houf, will be the longitude of the place where the U8
altitude was obferyed.” Ic
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The horizon H b, which is generally of wood
fovered with paper, ‘has its upper fide divided
with feveral circles; the innermoft of which
is divided into 360°; then come the twelve figns
of the zodiac, diftinguithed by their names and
characters, and each fign js divided into 30%

It is not, however, abfolutely neceffary that the chrono-
meter {hould either be fet precifcly to mean time at the firft
Meridian, or be regulated to keep exaétly mean time; both
of which might, perhaps, be difficult, or, at leaft, tedious
to effe&t. The anly thing which is ab’olutely requifite ina
Watch, to render it equal to the tafk of finding the longitude,
Is, that it will go unifermly at fome known rate; for in-
ftance, that it will accelerate or retard its going by afecond
or two, or more, every day; which acceleration or retarda-
tion is commonly called the rate of the watch, and being
kiiown, the mean time at the firft obfervatory may be
known by the chronometer, as well as if that machine
fhewed that mean time exaélly. Thus, if the watch acce-
lerates 30" cach day,. three days after the fetting of the
thronometer, 1 know that the noon at the meridian, where
the chronometer was fet, is when that machine fhews 12t
and 347,

The few problems which are given in this note, are in-
tehided merely to give the ftudent an idea of fuch operations.
If be withes to proceed farther in the fcience «of pradtical
aﬂruncmy, he is referred to the recent works written pro-
fefledly on the fcience, and which have been frequently
uoted in the preceding pages of this volume. A complete
{5t of all the neceffary aftronomical problems, together with
their demonftrations and examples, being abfolutely incom=
Patible with the limits of this work. '

Next
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Next to this circle there is the calendar, viz. the
names of the twelve months with the divifions of
the days correfpondent with the figns of the zodiac:
The outermoft circle contains all the points of the
compafs, and the winds as they are denominated by
the feamen.

On the meridian and round the north pole Ns
there is a circle C fallened to the meridian.  This
15 called the horary circle, and is divided into twice
twelve hours; the 12th hour at noon being on the
upper part of the meridian; and the 12th hour at
night being on the lower fide of the meridian of
towards the horizon, The extremity of the axis af
N projells a little above the plane of this horarf
circle, and carries an.index, which turns with theé
‘globe when the globe is turned round its axis, and
indicates the hours, or how much a given part of the
furface of the globe is removed from the meridian
fince the time of a whole revolution is divided int@
24 equal parts or hours.

The index is flipt upon the end of the axis, and
may be eafily moved ; F is a flexible flip of brafs:
divided into go°, and havihg a little clamp B, with
a fcrew at one end, by which means it may b¢
fatened to the meridian, This muft be faftened
always to the upper or middlemoft part of the M€
ndum, and its lower extremity is flipt in berweel

¢ horizon and the globe, and may be placcd i
any azimuth. = This flip of brafs having the go"

numbered from the horizon up to the zenith, fesV€?
: )
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o thew the alritude of an object on the furface of
the globe ; and hence it is called the guadrant of
Atitude.

There frequently is another appendage to the
glﬂbes, which is called the femicircle of pofition. It
5.2 pretty flender wire, whofe extremities are fixed
10 the points of north and fouth on the horizon, fo
that the wire or femicircle can be moved frecly from
the horizon to the meridian, and may be raifed to
“ny pofition.

The principal circles marked upon the furfaces
Of the globes, and which, having already been de-
feribed, need only be mentioned, are the following.
The equator, divided into 360° the pumeration
fOmmencing at the vernal interfetion with the
Schiptic, which croffes the equator at the vernal and
% the autumnal equinoctial points, viz. firft degree
f Aries, and firft degree of Libra. The ecliptic
8 divided into 12 equal parts or figns, and each fign
o 300, :

If on each fide of the ecliptic we add a broad
113‘38 of about 8°, we have the zodiac, and this is
“ually drawn upon the celeftial globe, with its
'2 conitellations.

The two tropics, viz. that of Cancer being on
the horthern, and that of Capricorn on the fouthern
‘e of the globe.

; Near the poles are feen the two polar circles, viz.
" north, or the artic polar circle, near the north
pole ;
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pole; and the fouth or the antar@ic, near the fouth
pole. !

Befides thofe, there are other circles, which how+
everare not commen to both the globes. Thus the
celeftial globe has the two colures and the cireles of
Iatitude ; it has alfo the conftellations with the ftars
reprefented in their proper firuations and magi
tudes, The terreftrial globe has the meridians, the
parallels of latitude, and the rhumbs; it has alfo the
reprefentations of countries, coalts, iflands, feas, and
generally the tracks of the moft renowned circumn®”
igators. The principal problems which may b
folved by means of the globes, are as follows ¢

L. A particular place upon the terrefirial globe VW%
given, to find its latitude and longitude.

Turn the globe round its axis, until the give”
place comes juft under the brazen meridian CBM
. Eha " £
(viz. under the edge of its divided fide, which ﬁd.

5 g
-puft always be underftood when the meridian *

mentioned), and the degree of the meridian whi¢

i . ¢
s juft over the place (meaning the degrees of th

two quadrants, which are numbered from the eq¥*
tor) is the latitude foughr ; and it is north or fouth:
according as 1t is on the northern or on the fouthe!®
fide of the equator. _ At the fame time the dcgrﬁf’g
the equator, which is juft under the brazen mer: idiafh
15 the longjtude of the place in queftion.

N.B. I
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N.B. In old globes, the longitude is reckoned
from the ifland of Ferro, one of the Canary Iflands.
fkt prefent the longitude on the globes that are made
" this country, begins to be reckoned from the me-
tidian of the Royal Obfervatory at Greenwich.

1, The latitude and longitude of a place bei,;fg given, to
Jind that place on the tersefivial globe,

This is the reverfe of the preceding problem,
nd is eafily folved. Find on the equator the known
degree of longitude, and turn the globe fo as to
bring that degree juft under the brafs meridian;
Yen find the degree of the given latitude upon the
Meridian, obferving whether it be north or fouth
!‘“itude, and exaétly under it you will find the place
N Queftion.

. 75 restify the globe for any particular place.

If the latitude of the place be north, elevate the
“rth pole as many degrees above the horizon H 4.
Iftbc latitude be fouth, elevate the fo#k pole above

e horizon an equal number of degrees; for ac-
c‘)fdlng, to the lower or higher latitude of any par-
Heulgr place, fo does the pole appearto be higher or
OWer at that place. The degrees of this elevation
Of the pole are counted upon the meridian. Thus
in the figure, the north pole is elevated 51 1° above

tae horizon, the globe being rectified for th:. latitude
LOndon

Turn
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Turn the globe till the given place comes to the
meridian ; and that part of the meridian, which isj“ﬁ
over ity and which is go® diftant from the horizon ©”
either fide, reprefents the zenith, To this point &
the meridian the quadrant of altitude muft be faf-
tened, which ferves to folve certain problems tha®
will be deferibed hereafter. Laftly, turn the whol®
frame of the machine, fo that the north pole be di-

reCted towards the real north, and of courfe the
fouth fide towards the real fouth. Then the glob®
1s fituated juit as the real earth is fituated with &
fpect to the given place. 1a order to place the lﬂ
ftrament duly north and fouth, a magnetie needle ®
affixed to fome globes ; but you muit then allow for

the magnetical variation.

1V. Two places being given upon the furface of f’w
globe, to find their difference of latitude and diff"”
ence of longitude. .

X ; 5
Turn the globe until one of the places com®
under the brazen meridian, and mark the degre€ (_)

latitude which is jufl over ir, obferving whether it
be north or fouth; then turn the globe until th¢
cther place comes under the meridian, and mar®
likewile the degree of this place’s laticude. Mot

if both thofe latitudes be north, or both fouth?

AN i A . % n
their difference is the difference of latitude betwe®

thetwo places ; but if one befouth and the cthcrﬂorth’
1 . . o 2 en
then their fum is the difference of latitude betWwe

r . » 1 €
the two places. To find their difference of longiue™?

when,
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W

when one of the places is under the meridian, niark
the point or degree of the equator, which is'at the
fame time under the equator; then turning the globe
until the other place comes under the meridian,
mark likewifz the point of the equator which 1s cut
by the meridian; and the number of degrees which
lie between thofe two marks, is the difference of
longirude fought.

If this number of degrees be turned into time at
the rate of 15° per hour, you will have the differ-
¢nce between the apparent time at thofe places; for
inflance, if the difference of longitude be 35°, then
the difference between the appareht times at the two
blaces is 2 hours and 20 minutes; fo thir when
it is noon at one of thofe places, it muft be 2 o’clock
and oo minutes in the afterncon, or 2 hours and
20 minutes before noon, at the other place, accord-
ing as the latcer is eaftward or weftward of the
former, But this difference of apparent time may
be had likewife by the horary circle C; for if
When one of the places is under the meridian, you
Place the index at the 12th hour on the horary
Circle, and then turn the globe until the other place
Comes under the meridian, you will find the index
‘dii‘eé‘ted to the proper difference of time. Thus
I the above-mentioned inftance the index will
be found directed either to 9"s 40", Or to 2%

207\1.

V. 7o
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V. To find the direst diftance between two gived
Places.

The eafieflt and general way of performing this
operation is by feparating the quadrant of altitude
from the meridian, and applying it to the two plaees
on the furface of the globe. Then the number of
degrees which are fhewn by that quadrant to b®
between the two places, being converted into miles
at the rate of 693 miles per degree, will give the
diftance in miles between the ‘two places, Qhould
the two places be farther afunder than the quadran®

can reach, the operation may be performed by tw?
meafurements, viz. make a mark fomewhere b€
tween the two places, and as nearly as you can i
therr direétion ; then apply the quadrant, and take® -
the diftance berween one of the places and the matks

and in the {fame manner take the diftance betwet”
the mark and the other place. Then the fum of thol°

_two diftances is evidently the diftance berween e

two places.

V1. To find the fun's place in the ecliptic for any gf””'
day of the year.

Find on the wooden horizon HJ5, the given CW
of the month, and in the circle of the figns wthh
clofe to it, you will find the degree of the fign el

a
refpondent to it: now find that degree of that Y= i3 5
Q
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on the ecliptic, which is marked upon the globe,
and that is the place of the fun for the given day;
Where you may make a mark, or fix a bit of paper
by means of a bit of wax, as this will be ufeful for
the folution of other problems.

If you move the globe until the above-mentioned
Marked place of the {un comes under the meridian,
then the number of degrees which are found on the
brazen meridian to be between it and the equator, is
the declination of the fun for that day, and it is
dorth or fouth, according as the marked place is
on the northern or on the foutheérn fide of the
Yuator. _

If you reétify the globe for any particular place,
and then turn it until the marked place of the fun
fomes to the meridian, the number of the degrees,
Which are thewn by the meridian to be between the
horizon and that marked place of the fun, is tle
Meridian altitude of the fun for that place on the
given day.

VIL 7o Jind the time of fun-rifing, and of fun

Jetting, at any given place, and for any given day
of the year.

Find and mark the fun’s leacc in the ecliptic for
the day given (by the preceding problem). Rec-
tify the glube for the latitude of the given place ;
and turn the globe fo as to bring the fun’s place
% the meridian. In this fituation keep the globe

¥oL. 1v, ' x fteady
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fteady, and direct the index of the horary circle to

_the 12 o’cleck hour; then turn the globe until the

fun’s place comes to the hotizon on the eaftern fide
of the ‘machine, and the index of the horary circle
will point to the hour and part of the hour, at which
the fun will be feen to rife on that day from the
given place. If you turn the globe ungil the fun’
place comes to the horizon on the weftern fide of
the ‘machine, the index of the horary circle will
fhow the time of fon fetting for the day and place in
queftion ; whence you have the length of the day.

VIIL 6 jfind the beginning and the end of the tewilight

7 oo
for any place and dey given.

Find the latitude of the place, and reéify the
globe (by ptoblem it and 3d); put the index of
the horary circle to the 12th hour, the fun’s place

eing in the meridian ; then take the point of the
ecliptic oppofite to the fun’s place, and turn the
globe weftward, as alfo the quadram of altitude, til
the point oppofite to the fun’s s place cuts the quéd”
drant of altitude in the r8° abave the horizon, T he?
the index on the horary circle will fhew the time
when twilight begins in the morning, If you take
the point oppofite to the fun, and bri ng it to the
eaflern hemifphere, and turn it unt! it meets with
the 18th degree on the quadrant of altitude, the indc®
will thew when the twilight ends in the evening.

1x; /2
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To find the length of the longeft and fhorteh day in
anygiven place.

Rettify the globe for the latitude of the place ;
bring the folfticial point of that hemifphete (viz.
the firft point of Cancer, if the place have north la-
titude ; or the firlt point of Capticorn, if the place
have fouth latitude) to the eaftern patt of the hori-
zon, fet the index to the 12 o’clock hour at noon ;
turn the globe until the folfticial point comes to the
Weftern fide of the horizon ; and the hours paffed
Over by the index give the length of the longeft day
or night at that place. The complement of which
time to 24 hours, is the length of the fhorteft day
or fhorteft night

X\ Tofind on what day the fun will be vertical af any
given placs in the torrid zone.

Find the latitude of the place on the brazen me-
tidian ;. turn the gl obe, and oblerve the two points
of the ecliptic thun. pafs under the above-mentioned
dtgr{:e of the brazeri meridian. Then feck for thofe
Points of the ecliptic in the circle of the twelve figns
that are marked upon the horizon H#; and againft
them you will find the days of the month in which
the fup will be vertical to the given place

) X1 A&
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XI. At any given time to find all thofe places of the
earth where the j.'m is then vi tng or fetiing
where it is noom o midnight.

, and

Find the place where the fun is vertical at the
given time; re@ify the globe for the latitude of
that place, and bring the place to the meridian.
Then 2ll thofe places, that are in the weftern half
of the horizon, have the fun rifing, and thofe which
are in the eaftern half of the horizon, have the fun
fetting; thofe who are under the meridian above the
horizon have noon or the fun culminating, and thole
who are under the meridian below the horizon,
have midnight ; thofe who are above the horizon,
have day, and thofe who are below it, have night.

XIL. 4 place being given within cither of the poiar
circlesy to find the time when the Juin begins to be feehy
and when it departs from that place 5 alfs how long
be will continue to be Jeen, and bow long he will be
abjent from that place,

“ Redtify the globe for the latitude of the places
turn it, and obferve what degrees in the firft and
fecond quadrants of the ecliptic are cut by the north
point of the horizon (the latitude of the place being
fuppofed to be north). Find thofe degrees in the
circle of the figns on the horizon, and their cor
rc]’lnondi”g
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refponding days of the month; and all the time
between thofe days the fun will ‘not fet in that
place.”

‘¢ Again, oblerve what degree in the third and
fourth quadrants of the ecliptic will be cut’ by the
fouth point of the horizon, and the days an{wering ;
then the fun will be quite abfent from the given
place during the intermediate days; that day in the
third quadrant fhews when he begins to difappear ;
and that in the fourth quadrant thews when he be-
gins to fhine in the place propoled.”

XIII. The latitude of the place, and thé day of the
month, being given, 10 find the fun’s declinations me-
ridian altitude, right afcenfion, amplitude, oblique
#fcenfion, afcenfional difference s and thence the time
of rifing and fetting, with the length of the day and
uight,

« Redify the globe for the latitade of the place,
and noon (viz. bring the place under the meridian);
then the degree of the meridian over the fun’s place
is the declination. The meridian altitude is fhewn
by the degree the fun is above the horizon, and is
equal to the fam or difference of the colatitude and -
declination. The fun’s right afcenfion is that
degree of the equator which is under the meris
diap,”

*.3 “ Bring
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< Bring the fun’s place to the eaftern part of the
hiorizon ; then the amplitude is that degree of the
horizon which is oppolite to the fun. The oblique
afcenfion is that degree of the equator which s cut
by the horizon. The afcenfional difference is the
difference between the right and oblique afeenfions,
The alcenfional difference converted inte time, will
give the time the fun rifes before or after the hour
of fix, according as his amplitudé is to the northward
or {outhward of the eaft point of the horizon,”

]

XIV. The latitude of the place, day of the month, and
he fun’s altitude being given; to find the aximiuth
and bour of the day.

Rectify the globe for the latitude of the place;
bring that place under the meridian ; fix the index
to the 12 o’clock hour at noen; and fix the clamp
of the quadrant of altitude to the zenith, This done
turn the globe, and move the quadrant of altitude
until the {un’s place coincides with the given alticude
on the graduated edge of the. quadrant ; then that
edge of the quadrant will cut the degrees of azi-
muth on the horizon H 5, reckoned from the
north; and at the fame time the index will thew the
hour of the dav on the horary circle,
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XV, To difpofe ihe celeftial glode, fo as to fhew. thg
attual. appearance of the beavens at any given time

and place.

Recify the celeftial globe for the latitude of the
Place.,. Take the place of the fun for the given
time, and bring it to tiid meridian; alfo fet the index
to the twelfth hour on the horary circle ; then turn
the globe until the index points to the given hour ;
then the globe will be ficuated like the celeftial
Iphere, and every ftar upon the globe will point to-
Wards the real ftar in the heavens. The ftars which
are in the eaftern half of the horizon, are rifing;
thofe in the weftern half, are fetting ; and thofe which
are under the meridian, are culminating. If the
Quadrant of altitude be fet to any given ftar, it will
fhew the altitude of that ftar, and its lower extremity
Will fhew the azimuth of that ftar upon the horizon.
If you turn the globe quite round, you will eafily
Perceive thofe ftars which are within the circle of per-
Petual apparition, as alfo thofe which are within the
“f‘mtsofpm petual occultation, viz, thofe which never
80 below the horizon, and thofe which never rile
bove the horizon, of the given place.

XV1. To reprefent ihe fituations.of the plansts.

The celeftial globe reprefents the fixed ftars ; but

1 . sibs
e planets cannot be delineated upon it, becaufe the
X4 latter
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latter are always fhifting their places amongft the
former. Therefore, when the planets are to be re-
prefented for any particular time, they muft be
ftuck on Occaﬁoml‘j; viz. little round pieces of
paper, each having the mark or charalter of 2
particular planet on one fide, and a bit of wa%
on the other (the philofophical inftrument makers
fell papers with the chara&ers of the planets ready
ftamped for this purpefe) are lightly ftuck wpon
the globe in their proper places, which places aré
given in the ephemeris for every day of the years
then if you perform the preceding problem, you
will have the reprefentaion of the planets in theif

proper places, as well as of the flars,

A VIIL Ta Jind the latitude and longitude of anf
given flar,

Place one extremity of the quadrant of altitude
upon ohe of the poles of the ecliptic, viz. that
pole which is nearer to the given ftar ; and let its
graduated edge fall upon the given ftar, Then
the number of degrees which the quadrant thews
to be between the ecliptic and that ftar, is the lati-
tude of the fame. The longitude is the degree o
the r:d]ptw, which 1s cut at the fame time by thé
quadrant of alritude.

XVIIL T¢
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XVIIL. Tofind the right aftenfion and declination of
a fixed fiar,

Move the globe fo as to bring the flar ‘to the
Meridian ; then the degree of the meridian, which
18 juft over it, is its declination ; and the degree of
the equator, which is cut by the meridian in that
fitwation, is its right afcenfion,

XIX. 70 find when a given fiar rifes, fets, or culmi-
nales on any given place and day of the year.

Reétify the globe for the latitude of the place,

bring that place to the meridian, and fet the index to
the 12 o’clock hour at noon, Then move the globe
Until the given ftar coincides with the horizon on
fht‘ eaftern fide, and the index will fhew the time of
U rifing,  If you turn the globe until the fame ftar
Foincides with the horizon on the weftern fide, the
'ndex will fhow the time of its fetting, and if you
b"i”g the ftar to the meridian, the index will thew
the time of its culminating.

) The meridian altitude of the ftar, as alfo its ob-
que afcenfion and afcenfional difference, are found
‘Wthe fame manner as for the fun,  Sce problem
the 3th.

XX, 9o
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XX. To find the appavent angulay diffance beruwet
two given flars.

Lay the quadrant ef altitude flat upon the globes
jo that its graduated edge may pafs over the tw0
flars ; then the number of degrees that appcar o
be between thofe flars, is the angular diftance
fought,




ELEMENTS OF

NATURAL PHILOSOPHY.

BRART YV,

CONTAINING A FEW UNCONNECTED SUBJECTS,

A FEW particular fubjeéts, ufeful to the ftu.
dent of natural philofophy, but which could
0, with propriety, be inferced in the preceding
Ylumes, will form the contents of the prefent or
'f‘h part of this work ; which, therefore, will be
Wided into fections that are quite unconnected
th each other. The fubje& of aeroftation will
ﬁb?icﬂy treated of in the firlt feftion. The next
r;:;fmtain an abri':]gment’of fats and conjeftures
“tmf:‘;—,e‘ to meteors, anFl to the' fall Ci{ ﬁom-es.from the
arijl“, :Jht‘re. -The third ﬁ:f‘tlon will exhibit a co.mﬁ
Wil ;ﬂ Ot‘ weizghts :md‘ ftnf:aiures.ﬁ T%IC laft fection
Ontain feveral additional fads, difcoveries, ob-
atZTi!GDS,.&c. rclativc' t‘o the diﬂ:crent branches of
& Co; Phl]oﬁj‘{:)l“j_v,_wlllcn have e1ther.bf:.en made,
Prece;{;e to notice, f:ub;cquent to the printing of the
g parts of thefe elements.

SECTION
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E'CTION I

Or AEROSTATION.

CHAPTER L

DISCOVLERY OF AEROSTATIC MACHINES.

HE art of flying, or of imitating the fc:athfffd
tribe, has long been the object of earn®
defire amongft men.  The fanciful ideas of }>0EF5’
the tales of amulement, the pretended difcovt‘fles

of impoftors, and the projeéts of mechanicians, e
\,gﬁ

cid

lative to this art, have not been deficient in €
age, and almoft in every country, Cars, artif
birds, wings, and other mechanifms for ﬂ}’ln‘”
genetally abfurd, and always infufficient, bave fie
quently been exhibited to the undiftinguifhing e,
of the vulgar ; but the ftriGteft enquiry into the ¢
counts of authentic hiftory, finds no mentio®
any fuccefs having ever attended the attemp®
this nature previous to the year 1782.  The rect” ¢
difcoveries made on the nature and r:.upcl{f*’

¢ tl
aciial fluids, by the iuduftry of Black, Prieft
Ca
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Cavendifh, and others, fuggefted, fome time before
the above-mentioned year, the praéticability of
f'{)Fming machines fufficient to elevate confiderable
Weights into the regions of the atmofphere. Mr.
Cavendith was the firft who afcertained the fpecific
8ravity of hydrogen gas, (then called inflammiable
Ar) and found ic to be a vaft deal lighter than
fmmon air. His experiments on this fubje& are
Publifhed in the Philofophical Tranfaétions for the
Year 1766. In confequence of this difcovery, it
Was natural to conclude, that if a large bladder, or
hag, or envelope, were filled with hydrogen gas,
nd that if the weight of the eavelope added to that
Of the contained gas, did not exceed the weight of
A equal bulk of common air; the apparatus would
Mount up into the atmofphere for the fame reafon,
nd in the fame manner as 2 cork would rife from
We botrom towards the furface of the fea, fup-
Pofing the cork were left at liberty in the former
Place,

Dr. Black of Edinburgh thought of filling the
Mangois of a calf with hydrogen gas, for the purpofe
of thewing at his leGtures that fuch a body waould
eend into the atmolphere ; but he never put the
Project to the teft of actual experience.

Early in the year 1782, I made the firlt attempts
t‘_’ Clevate a bag full of hydrogen gas into the am-

‘At air, and an account of My experiments was
"ad g 4 meeting of the Royal Society on the zoth
OF June 1782,

The
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The weight of hydrogen gas, the mean weight
of atmofpherical air, and the weight of the fubftanc®
of which the veffel or bag is to be formed, being
afcertained, it is eafy from thofe particulars to de*
termine by calculation, the dimenfions of a yelleh
which, when filled with hydrogen gas, might B®
lighter than an equal bulk of common air; for thé
furfaces of fimilar'bodies are as the fquares of theif
fimilar fides, or of their diameters, whilft their €&
pacities are as the cubes of thofe fides or diamé
ters; fo that if the diameter of the globe A be
o feet, its contents will ‘be equal to 3 cubic feek
nearly, and its furface will be equal to 6 {quare feet
nearly; but if we increale the diameter of the
globe, for inftance, we make it 4 feet, then the
contents or capacity will be 8 times what it was be”
fore, and its furface will be only 4 times what v
was hefore; hence, let the thicknefs or weight ‘?
the fubftance, which forms the 'bag, be what i

may, by increafing the diameter of the globe, oue
may always render it {o that, -when filled with h?:
Jelé

drogen gas, the weight of the whole may be
! oo ot O
than the weight of an equal bulk of atmofphen®

air.
Upon thofe principles, and for the above-m¢’

> p < -3 = 10
tioned 'purpofe, I tried bladders, the thinneft &
m We'

largeft that could be procured. Some of the
a

cleaned with great care, removing from them
W

the fuperfluous membranes, and other matter tl ’
R X - - ) ading
could be poflibly feraped off ; but notwithftand’ ”}
a

6 L
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Al thofe precautions, I found the largeft and lighteft
of thofe prepared bladders to be fomewhat too heavy

for the purpofe. Some fwimming bladders of fithes

Were alfo found too heavy for the experiment.; nor
“ould I ewer fucceed to make any durable light balls
5)! blowing hydrogen gas into 2 thick folution of
8ums, thick varnifhes, and oil paint. ~ In fhort,
foap -balls, inflated with hydrogen gas, were the only
things of this fort which I could fucceed to elevate
it the ambient air ; and thefe, as far as I know, are
the firft fort of air balloons that were ever con-
Rruged,

Afeer thofe trials I endeavoured to make bags o
balloons of the fineft fort of China paper, and to
inflare them with hydrogen gas. The fize of thofe
bags was fuch, that had it been pefiible to fill them
_"-‘izh the gas, they muft have undoubtedly afcended
nto the atmofphere ; but I had the mortification to
find thar though common air did not; yet the hydro-
Sn pas pafled through the pores of paper exaétly
ke water through a fieve. Afiera variety of fimi-
far trials, being at laft tired with the expence and
Ofs of labour, I deferred the profecution of fuch
SXperiments to a future opportunity, and contented
"Wlelf with giving an account of my attempts to
the Reyal Society. |
_Not long after this, news wss reccived from
“Tance of the fuccefs which had attended an experi-

Wene of 5 himilar nature made at Avignon, by Stephen
'%Dtgelﬁcr; but the bag was not filled with

hydrogen
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hydrogen gas. It was filled with air rarefied bY
heat, which of courfe was lighter than an equal bulk
of common air, of the nfual temperature.

It is faid that the two brothers, Stephen and ]oh“
Montgolfier, began to think on the experiment ¢
the aeroftatic machine as early. as the middle OF -
latter end of the year 1782. The natural afcenfiof
of fmoke, and of the clouds in the atmofphere, {Ug"
gefted the firlt idea; and to imitate thofe bodies, 0T
to enclefé a cloud in a bag, fo that the latter might
be elevated by the buoyancy of the former, was the
firflt projeét of thofe celebrated gentlemen,

Stephen. Montgolfier, the eldelt of the two brd”
thers, made the firlt aerofiatic experiment at Avig®
non, towards the middle of November 1782

The machine confifted of a bag of fine filk, in the
thave of a parallelopipedon, open on one fide, the
capacity of which was equal to about 40 cubic fec®
Burning paper, applied to 1fs ApErture, {erved ﬁf"‘
rarefy the air, or to form the cloud ; and, when ful*
ficiently expanded, the machine afcended rapidly .ﬂ_)
the ceiling ~f the room. Thus the original dljl'
el

covery was made, which was afterwards confirm
13

improved, and diverfified by different perfons
different parts of the world.

As foon as the news of Mr, Montgolfier's {LICCf'ﬁ"
ful experiment reached Paris, the frientific Per__iolﬁ
of that capital, jullly concluding that a fimilar e¥s
periment might be made by filling a bag with by
drogen gas, immediately attempted to verify -chc'
ﬁippu[itmn.
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i".si':poﬁtion. A fubfeription for defraying the ex:
Pences which might attend the accomplifhment of
the project, was immediately opened; perfons of
ali ranks ran with eagernefs to fign their names, and
the neceflary fum was fpeedily ma fed. Meflrs. Ro-
beres were :«mwuﬂ:;l to conftru&t the machine, and
M, Charles, profefior-of experimental philofophy,
Was appointed to fuperintend the work.

The obftacles, which oppofed the accomplith-
Ment of this' firft attempt; were r*r”w; but the
two principal difficilties were to produce a large
Yuantit;
ftance i

at the fame thme impermeable to the pas, “At
P 5

of ‘hydrogen gas, and’ to find a fub-

ficiently light to make the bag of, and
P < ¢ 2

han o -y conftruéted a globular bag of a fort of filk

:.-g; which, in order to render

. gas, was covered with a certain
Varnih, (2id to confift of difibived elattic gum (ca-

tchouc), T 'v_ diameter of this bag (which, from

{

e, was called.a bailos

PR
o, and gave th

{

fe machines n general)

Hoons to the

\ iy = 1 P -} . e '
=¥ . E2 1€ ‘2 1nenes I';cn-in or about 3 fa'(‘

It had only one aperture, like the neck
% g bladder, to which a flop-cock “was adapted.
-l I.‘"‘ ‘r\‘{
Wit

it of the b l'1Jrrl'1, when em "L") o e ther

a the ftop-cock, was 25 pounds.

bag commenced-on the
Wors met with
,; from inad-
of 111:1[‘*:r’|-,a.}r~; want of p;'a::-.‘.m,i',\:a-i,
VoL, 1v, ¥ &e,
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&c. fo much fo, that the accomplifhment of the e%*
periment, viz. the aual afcent of the balloon, did
not take place before the 26th of the fame month-
On the morning of that day, the inflated balloofs
having a fmall cord faftened to its neck, was per-
mitted to rife only to the height of about 100 feets
but at five o’clock in the afternoon of the 27th, the
balloon was difengaged from its faftenings, in the
Camp of Mars, and rofe majeftically in the at”
mofphere before the eyes of a great many thoufand
{pectators, and amidft a copious fhower of rain. 19
about two minutes time it rofe to the height of abot®
3123 feet. 'After remaining in the atmofphere oplf
3 of an hour, this balloon fell in a field near Goﬁgﬂ‘_‘"
a village -about 15 miles fromt Paris. Its fall w2
attributed to a rupture that was found in it, and it
was reafonably. imagined that the expanfion of the
hydrogen gas, when the balloon had reached a much
lefs denfe part of the atmofphere, had burft i
‘When this balloon went up, it was found upon grind
to be 35 pounds lighter than an equal bulk of ¢0™
mon air,

Thus in the years 1782 and 1783, it was afcer”
tained that bags full of hydrogen gas, or of rarefié
common air (either of which is lighter than com”
mon air in its ufual ftate), would afcend into the s

e : 1 able
nofphere, and that they might take up confidera®
. 4 o . - vé~
weights.  The principal experiments and 1mpfc"
difco®

ments that were made in purfuance of thofe

; L A . . but
veries, will be mentioned in the next chapters s .
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it will be previoufly neceffary to make the following
remark ; namely, that this difcovery, though in it-
felf very remarkable, is far from amounting to the
art of fying. The only effeft that an aeroftatic
machine can-produce, is to elevate, and to keep
fufpended, a certain weight in the atmofphere ;
but with refpe® to its progreffive motion, it can
only follow the courfe of the wind; nor has any
method been difcovered by means of which the bal-
loon may be caufed to deviate from that courle in
any ufeful degree. '




FROGRESS OF AEROSTATION.

OON after the fuccefs of the firft attempt, the

Meontgolfiers repeated the experiment in the
open air, and with bags of different fizes ; but their
firft grand and public exhibition in the prefence of
a very refpectable and numerous affembly, was made
on the s5th of June 1783, with an aeroftatic machine
or bag that meafured 35 feet in diameter. The
machine inflated by the rarefied air, afcended to 2
confiderable height, and then fell at the diftance of
7668 feet from the original place of afcenfion.
This experiment was defcribed and recorded with
great accuracy ; and accounts of it were imme=
diately forwarded to the court of France, to the
academy of fciences, and almeft as far as literar¥
and entertaining correfpondence could reach. ‘The
youngell Montgolficr, arriving at Paris not long
after the above-mentioned public exhibition, wa#
invited by the Academy of Sciences to repeat his
fingular aeroftatic experiment; in confequence ©
which invitation, that gentleman began to conftrudt
an aeroftatic machine of about 72 feet in heights 8°
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the expence of the academy. But while this opera-
tion was goingon, and as a fuccefsful expetiment
with an inflammable air balloon, had already heen
performed on the 27th of Auguft, the proje& of
making balloons became general, and thofe who
wifhed to make the experiment on the fmalleft feale,
foon calculated the neceflary particulars, and found
that the performance of the experiment was far from
being either difficult or expenfive. The baron de
Beaumanoir, at Paris, by the fuggeftion of a Mr.,
Deichamps; was induced to try gold-beater’s {kin,
and foon made a balloon by glueing feveral pieces
of that fkin together. This balloon was no more
than 19 inches in diameter; it was of courfe eafily
hlled with hydrogen gas, and on the 11th of Sep-
tember 178 3, it mounted with rapidity into the at-
thofphere.

In confequence of this experiment of the baron,
feveral perfons endeavoured to make balloons ftill
fmaller than his, and {fome fucceeded to make them
of not more than fix inches in_diameter, which
Weighed between 30 and 40 grains, Thefe were
filled with the utmoft facility, and ferved well
€hough to thew the experiment in a room; but as
. they were neceffarily formed of fkins extremely fine,
Confequently more porous than the ufual thicker
Kins, the gas foon efcaped from them, and the di-
Minutive balloons hardly floated longer than a mi-
fiute or two.,

Y 3 Mr. Mont-




— e

326 Progrefs of deveftation,

Mr. Montgolfier, having completed his large
aeroftat, agreeable to the defire of the academy,
made a private experiment with it on the eleventh
of September, which fuceeeded, On the followisg
day another experiment was made with the fzme
before the commiffaries of the academy, and a valt
number of other fpectators ; but this experiment;
in confequence of a violent thower of rain, was at
tended with partial foccefs; and the aeroftat was
thereby confiderably damaged,

Another fimilar machine was fpeedily conftruéted
by the fame Mr. Montgolfier, with which the ex-
periment was performed at Verfailles on the 1gth of
September, before the royal family of France, and
an innamerable concourfe of {pectators, The pre=
paration for filling the machine with rarefied air con=
fiffed of an ample fcaffold, raifed fome feet above
the ground; in the middle of which there was a well
or chithney, about 16 feet 10 diameter; in the lower
part.of which, near the ground, the fire was made-
The aperture of the aeroftat was put round the
chimney or well, and the reft of it wds laid down
over the well and the furrounding fcaffold. As foon
as the fire was lighted, the machine began to fwells
acquired a conves form, {tretched itfelf on every:
fide, and in 11 minutes time, thg chords being
cut,the-machine alcended, . together with a wicke?
bafket or cage, which was faftened to it by meat

of a Tope, and in which a fheep, a cock, and 2

PGy all

|IHC};3
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duck had been placed. Thefe were the firlt
animals that ever afcended with an aeroftatic ma-
chine. The apparatus rofe to the height of about
T440 feer, and remained in the atmofphere during
€ minutes ; then fell at the diftance of about 10200
feet from Verfailles, with the animals fafe in the
bafket.

After the fuccefs of this experiment with the
animals, &c., and when ten months had fcarcely
tlapfed fince Mr. Montgolfier made his firft experi-
ment of this fort, Mr. Pilatre de Rozier publicly
offered himfelf to be the firft adventurer in the
newly invented machine. His offer was accepted,
his courage remained undaunted, and on the 1§th
of O&ober 1783, he aftually: aflcended into the at-
mofphere, to the aftonifhment of a gazing multi-
tude. The aeroftat with which he afcended, was
of an oval fhape, its height being about 74, and
its horizontal diameter 48 feet. The aperture or
lower part of the machine had a wicker gallery
aboyt 5 feer broad, with a baluftrade both within
and without, about 3 feet high, The inner diameter
%€ this gallery, and of the neck of the machine which
Paffed through it, was nearly 16 feet. Inthe middle
of this aperture an iron arate, or brazier, was {up-
Ported by means of chains, which came down from
the fides of the machine. In this conftruction, when
the machine was up in the air, with a fire lighted in
the grate, it was caly for a perfon who ftood in the
Rllery, and had fuel with him, to keep up the fire

Y 4 in
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in, the opening of the machine, by throwing the
fuel on the grate tllrough port-holes mudc in the

neck of the machine. By which means the m
chine might be kept up as long as the p-cri?m in
its gallery thoucht preper; or till he had fuel ta
fupply the fire with,

After this Mr. de Rozier repeated the experi-
ment with: the -fame and with other fimilar ma-

chings, and: his: fuccefs fhewed to the world that

human bemgs might fafely afcend with thiofe ma-
chines,  In fad&, the experiment was afterwards
repeated by a variety of people of both fexes
it is remarkable, that in thole aérial excurfions, no

; and
giddinefs, nor ficknels was experienced by the
travellers.

The firft acrial voyage, with an inflammable aif
ballocn, was performed fubfequent to the aboves
mentioned experiment, viz. on the it of Decem”
ber 1783+ Mr. Charles and Mr. Robert, who had
conftrutted the firft balloon of this fort, as has been
mentioned in this chapter, were the fisft adven
tarers.  ‘The balloon was globular, its diamete?
being 273 feet. A net went over the upper he”
li.lifp[.lt’.i‘(:, and was fuftened to-a hoop, which went
round.the middle of the balloon; From: this hoopP
ropes proceeded, and were faflened to a boat whiclt
fwung afew feet below the. balloon. - In order @
prevent the burfting of the machine by the cxnanﬁon
of the pas, inan elevumd region, & valve was made

on the upper part of it, which, by pulling 2 ftrings
wod‘d
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would open-and let out part of the gas. ~ There
Was likewife a long filken pipe, throush which the
balioon was' filled.

The ‘apparatus for filling it confiffed ‘of feveral
Weoden catks placed round alarge tub full of water,
f-"fe:‘}; one of which had a long tin tube,which termi-
naved under a veflel or funnel, that was inverted into
thewater of the tub. A tubethen procecded from this
funnel, and communicated wich the balloon, which
ftood juft over it. - Iron filings and diluted fulphu-
Tic acid were put into the cafks; and the gas which
Was extricated from thole materials, paffed through
the tin tubes, then through the water of the tub,
and, laftly, through the tube of the funnel into the
balloon.

When Mefits. Charles and Robert placed them-
felves in the boat, they had with them preper philo-
fophical inftruments, provifions, clothing, and fome
bags full of fand, by way of ballaft, Wit this pre-
Paration they afcended at # after ane o'clock, At
the time they went up, the thermometer, Fahren-

heirs {cale, ftood, at 52°, the mercury in the baro-

1

Meter ftood at 27 inches, fromy which they deduced

)

their altirude to be nearly 670 yards, During the
Peft of their voyage, the mercury in the barometer
Maved generally between 2- inches, and 27,663
tifing and faliing according as part of the ballaft
¥as thrown out, or fome gas efcaped from the
ballggn, Fhe thermometer flood generally between
93° and ¢v° -

oL e |

Sogn
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Soon after their afcent, they remained ftationary
for a thort time; then they went horizontally, in the
direction of N. N.W. They crofied the Secine, and
pafled over feveral towns and villages, to the great
aftonifhment of the inhabitants, who did not expett
to fe¢ fuch a fpedacle; and who had perhaps nevef
heard of this new fort of experiment. This deli=
clous aérial voyage lafted one hour and threé
quarters, At laft they defcended in a field neaf
Nefley a fmall town, about 27 miles diftant from
Paris; fo that they had gone at the rate of about 15
miles per hour, without feeling the leaft inconveni=
ence ; and the balloon underwent no other alterations
than what was occafioned by the dilatation and con-
traion of the gas, according to the viciflitudes of
heat and cold.

The fuccels of the experiments, which have beef
already deferibed, fpread a univerfal enthufafm
throughout Europe, and the aeroftatic experimentss
baoth n the diminutive, and in the large way, wet&
foon undertaken in different countries. The firft
experiment of this fort was fhewn in London on the
25th of November 1783, with an inflammable air~
balloon of 110 feet in diameter, by Count Zan”
beccari, an Iralian gentleman.  The firft aérial
voyage undertaken in England, with an inflamm?2”
ble air-balloon, of 33 feer in diameter, made of.
oil filk, was performed by Mr. Lunardi, anothef
Iralizn, on the 15th of September 17844
Duricg
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During the above-mentioned and the three fol-
.metr years, the daily papers, and other periodical
Publications, gave frequent accounts of aerial
Yoyages having been performed in various parts of
IZUJ'ope, and even in America, -~ The imall inflam-
Mable air-balloons were exhibited at public letures,
and almoft in every private affiembly.. Small aerofta-

tic machines of fine paper, tobe clevated by rarefied
dir, were publicly fold in great plenty, fome of them
€ven for the trifling price of a fingle thilling ; and
8 thefe formed a pretty fpectacle in the night time,
On, account- of t11'° burning combuftible which was
appf‘nded to their aperture for the purpofe of rarefy-
Ing: the air, a great many of them were every night
[en to move over London, in the direction of the
Wind,

The fimple conftruction of thofe diminutive aero-
&
Of that fort of fine papers which 1s {old in London
Uader the name of fan paper, or_filver paper, are cut
n an oblong fhape, "r.uual‘y’ tapering at the two
SXtremities, Thofe
“flively, edge to edge, fo as to form a globular

atic machines for rarefied air, isas follows. Pieces

es are ftuck together fuc-

'L

Patien
taper bag. Part of this globe 15 then cut off fo as

1o le -
P ]l'-a'\’é a circular ".","l"‘L'l"C of about. 10 or 12 inches

I
Y diameter, to the ed lge of which a fine iron or brafs

“‘H‘L Is ad

r N
adapted » of ftrengrh, and is fixed by

s < L e 'y 5

"Ir““?-g and paiting a hetle of the edge of the paper
Do, ¢ = . . .
“ﬂ‘;t, Two l,;d iz 1r and pretry thin iron wires

are
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ove-

are allo to be placed acrofs each other in the b
mientioned aperture, and their extremities are 2 faftent
ed to the circular wire, which goes round the ape™”
ture, This crofs of wiré ferves to fupport the 1t fueh
.in the middle of it a ball of fpun wool is faften

Hu by means ef fine iron wire, which when the
experiment is to be performed; muit be {oake ed 10
{pirit of wine, of in fpiric of turpentine, and the"
lizhted, whilft ‘an affiftant holds the balloon (Whith
need not be larger than'a yard in diameter) by the
top. The combuftion immediately fwells the balloc®
with rarefied: air, and when this has taken plac®
the affiftant relinquithes his hold, and the balleo”
mounts, &c.

The aeroftatic experiments, originally und€™”
taken for mere curiofity, foon became the obje®
of gain, and almoft all the aérial voyages were un”
dertaien for the fuke of profit, Perfons enirelf
unacquainted with any branch of natural }‘1“1)
fophy, offered to make g ﬂ] voyages, and ta Per
form experiments in the atmofphere, for whic h
they were not in the leait qualified, and wich 9°
ftruments, of which they did not underftand ™°
ufe.

In confequence of this praflice, the aérial voyag®™
though numerous, bave not however been piodl"“
tive of much information.  Yet the variety of f fitnd
tions, of machines, and of aceidental, circum{tance®
added to the oblervaticns of able perfons, have un®

8
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LOuL[edlv thewn. a variety of {i&s which deferve

5.2

rerefore onmtm*
the partcular account of all the ufelef voyages, I

the atrention of the philofopher. T

thaj] only menton thofe which have been atrended
With any particular and - remarkable occurrence
that May appeéar capable of eftablithing fome ufes
Qi fa&t, or to remove fome preconceived obe
Jeion. :
_The Abbé Bertholon feems to have been the firfk
Per{on who made ufe of fmall balloons for exploring
the eleétricity of the atmofphere, which muft be a
Very ufeful method, partcalarly in calm weather,
When elettrical kites cannot be raifed. e raifed
%veral air-balloons, to which long and flender wires
Were attached ;- the lower extremity of the wire bes
lng fafiened o a glafs ftick or other infulated ftand,
Whereby he obuained from [och wires eleSriciny
®nough to thew its kind, and even fparks.

On the 13th t)*‘_]:xmwn 7‘ 4, an aeroftatic ma-
Chine, of about 37 feet in height, and 20 in diames
%r, was launch d from the mhh: de Pifangon, near
RGJ?.(T;;J, in Dauphiné. It role with fur prifing ve-
lfJth}, and as the wind was north, it went fouth-
Ward ; but when the machine had afcended to the
h‘«‘x*]]t of about 1300 feet, it went back towards the
Borth, and inlefs than five minutes time it afcended
tothe height of above 6coo feet.  In lefs than ten
Minutes jt fell ar the diftance of nearly four .miles,

This experiment, and indeed the fmilar fuceess
of Mmany others, fhews that there frequently are in

the
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the atmofphere currents of air in differént; and
fometimes guite oppolite, directions ; this, however;
is far from being always the cafe. If different cur
‘rents could always be met with at different heights
above the furface of the earth, the method of guide-
ing balloons would be extremely eafy ; for the
aérial traveller would have nothing more to do tha
_ to place himfelf in the favourable current, which he
may do by throwing out either fome ballaft or fome
inflammable gas, dccording as he wifhes to go highef
or lower.

The largeft aeroftatic machine ever made, and
filled with rarefied air, was launched at Lyons on th®
1gth of January 1784; with not lefd than fever
perfons in its gallery, amongft whom were Jofepht
Montgolfier; and Pilatre de Rozier. The height
of this machine was about 131t feet, and its horizo®”
tal diameter about 104. Its weight, when it afcend”
ed, including paflengers, gallery, &c. was about
16co pounds.

This machine, having fuffered confiderably i
confequence of previous trials, was by no means if
a perfect ftate when it afcended ; neverthelefs, whe?
the altion of the fire had inflated it, the feven P&
fons, who in fpite of every remonftrance had plac®
themfelves in the gallery, refufing to relinquifh thei®
places, the machine was releafed from the I‘OPC
which confined it, and afcended majeftically int®
the atmofphere. At a certam b reight, the ‘“ﬂ

turned it towards the well ; but it afterwards pro d
c
cee
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Ceeded ealt-fouth-eaft, afcending, at the fame time,
until it was at leaft 1000 yards high.

The effeft which was produced on the fpeQators by
this fpe&acle, is defcribed as the moft extraordinary
that was ever occalioned by any pradu&ien of hu-
man invention. It was a mixture of the ftrangeft
nature imaginable.  Vociferations of joy, fhriecks of
fear, expreflions of applaufe, the found of martial
inftruments, and the difcharge of mortars, produced
an effe& more eafily imagined than deferibed. Some
of the {pectators fell on their knees, and othiers ele-
vated their fuppliant hands to the heavens; fome
women fainted, and many wept ; but the confident
travellers, without' thewing the leaft appearance of
fear, were continually waving their hats out of the
gallery.

At about 15 minutes after the alcent, the wind
fhifted again; but it was fo fecble that the machine
ftood almoft ftationary for about four minutes.
Unfortunately about this time a rent was made in
the machine, which occafioned its defcent; and when
It came within 6oo feet of the ground, its velocity
Was confiderably accelerated. it is faid that no lefs
than 6ooco perfons, befides the Marechau{lée, ran
fo the {pot, with the greateft apprehenfion for the
lives of the adventurous aérial travellers; They
Were- immediately helped out of the gallery, and
luckiiy no perfon had received any hurt, except Mr.
MOntg;)]ﬁ:r an infignificant {cratch. Thg machine
Was torn in feveral places, befides a vertical rent of

didas r Vi
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upwards of 50 feet in length ; which clearly fhew?
how little danger, is to be apprehend=d from the uf€
of thofe machines, efpecially when they are properly
conftructed and judicioully managed,

On the gth of April 1784, Meflrs. de Morveau,
and Bertrand, at Dijon, afcended with an inflam-
raable air-balloon, which, according to their baro-
metrical obfervations, {eems to have reached thé
e.\:traordinary height of 13000 feet; when the cold

vas fo great, that the thermometer ftood at 25°,

On the 14th of July, the duke de Chartres, the
two brothers Roberts, and another perfon; afcended
with an inflammable air-balloon, from the park of

t. Cloud, at §2 minutes palt feven in the mornings
i"his balloon was of an oblong form, its.dimenfions
being ¢4 feet by 34. . It afe

L]

with its greateft

extenfion neatiy horizontal ; and after remaining i?

the atmofphere abour 4§ minutes, it defcended at'2

fizall diftance from its 'iu:':{: of afeenfion., But ¢h

idents that occurred during this.aérial egeurfions

Hid

deferve particular nortice; as nothing like it had hap*
pened before to any of the aérial travellers. This
machine contained an interior {mall balloon, Elled

- with common air; by which e 3 1'}_;P_pul'f-d

it they might regulate the afcent and the defeent

of the machine, without any lofs of the hydroge®
gas, or of ballaft.  The boat was furnifhed with @

helm and cars, that were intended to o e

LI\L!‘

chine, but which were in this ell as in every©

P A T L S
AT, attempt found to oe guite uielefs,

on
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& J

On the level of the fea, the metcury ‘in the baro-
Meter ftood at 30,25 inches, and at the place of
afcenfion it ftood ar 30,12, Three minutes after
its afcenfion, the balloon was loft in the clouds, and
the acrial voyagers loft fight of the earth, being in-
volved in a denfe vapour. Here an unufual agita-
tion of the air, fomewhat like a whirlwind, in a mo-
ment turned the machine three times from the right
to the left. The viclent fhocks which the adven-
turers fuffered; prevented their ufing any of the
Mmeans prepared for the direftion of the machine ;
and they even tore away the filk ftuff of which the
helm was made. Never, faid they, a.more dread-
Rl fcene prefented itfelf to- any eye, than that in
which they were involved. An unbounded ocean
of thapelefs clouds rolled beneath, and feemed to
forbid their return to the earth, which was fill in=
Vifible. The agitation of the balloon became greater
fvery moment. They cut the cords which held
the interior balloon, which confequently fell on the
bottom of the external balloon, juft upon the aper-
tre of the tube that went down to the boat, and
ﬂﬁpped up that communication. At this'time the
thermometer was a litde above 44° A guft of
Wind from below drove the balloon upwards; to the
Xtremity of the vapour, where the appearance of
the fun fhewed them the exiftence of nature; but
"0w both the heat of the fun, and the diminifhed
denfity of the atmofphere, occafioned fuch a dilata-
burfting of the balloon
VOT. Ty, A AR was

3] Y
on of the gas, thatth
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was apprehended ; to avoid which, they introduced
a ftick through the tube, and endeavoured to re-
move the inner balloon, which ftopped its aperturé
within the external balloon ; but the dilatation of
the gas preffed the inner balloon fo forcibly againtt
that aperture, as to render every.attempt ineffectual.
During this time, they continually afcended, until
the mercury in the barometer ftood not higher than
24,36 inches, which fhewed their height above the
furface of the earth to be about 5100 feet. In thefe
dreadful circumftances they thought it necefiary to
malke a hole in the balloon, in order to give exit t0
the gas ; and accordingly the duke himfelf, with one
of the fpears of the banners, made two holesin thé
balloon, which opened a rent of about feven or eight
feet. In confequence of this, they then defcended
rapidly, feeing at firft no object either on earth or 18
the heavens; but a moment after, they difcovered
the fields, and that they were defcending ftraight int@
a lake, wherein they would inevitably have fallefs
had they not quickly thrown over about 6o pound
weight of ballaft, which occafioned their coming
down at about 30 feet beyond the edge of the lake
Notwithftanding this rapid defcent, none of the fouf
adventurers received any hurt ; and it is remarkablés
that out of fix glafs bottles full of liquor, which w€r®
fimply laid down in the boat, one only was found
broken,

In the cousft of the fummer 1784, two perfon®

: : . - - in
viz. one in Spain, and another near Philadelphia; *
2 iu-n[:rlcaf
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America, were very nearly lofing their lives by going
up with rarefied-air machines. The former, on the
sth of June, was fcorched by the machine taking
fire, and was hurt by the fublequent fall, fo that his
lift was long defpaired of. The latter, having
afcended a few feet, was wafted by the wind againlt
the wall of 2 houfe, and fome part of the machinery
was entangled under the eaves, from which he could
not extricate .it. At laft the great afcenfional
power of the machine broke the ropes or chains,
and the man fell from the height of about 20 feet.
The machine prefently took fire, and was confumed. -
I fhall now relate one of the moft remarkable
aerial voyages that were ever made with an aeroftatic
machine. It is the crofling of the Englith channel
in an inflammable air-balloon of 27 feet in diameter,
The enterprifer of this dangerous voyage was Mr.
Blanchard, an intrepid Frenchman, who had already
made five other aérial voyages with the very {fame
balloon, both in France and in England. Mr,
Blanchard is remarkable for having made a greater
Dumber ‘of aérial voyages in England, in France,
and elfewhere, both before and after the crofling of
" the Englith channel, than any other enterprifer
Tecorded in the hiftory of aeroftation. The only
tial worth remarking which Mr. Blanchard ap-
Pears to have made in his aérial excurfions, is
the ineffectual ufe of oars, wings, &c. for di-
TEE;ing the balloon, Profit feems to have been
| Z12 the
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the principal If not the fole object of his numercus
excurfions.

On Friday the 7th of January 1785, being a fine
clear morning, after a fharp frofty night, and the
wind being about N. N. W. though hardly percep-
tible, Mr. Blanchard, accompanied by Dr. Jecffries,
an American gentleman, departed in the old balloon
of 27 feet diameter, from Dover Caftle, directing
their courfe for the French coaft.” Previous to the
departure, the balloon, with the boat, containing
the two travellers, feveral neceffaries, and fome bag®
of fand for ballalt, were placed within two feet of
the brink of the perpendicular cliff before the caftle:
At one o'clock the intrepid Blanchard defired the
boat, &c. to be puthed off; but the weight being
too great for the power of the balloon, they were
obliged to throw out a confiderable quantity of
ballaft, in confequence of which they at laft rofe
gently and majeftically, though making very litele
way, with only three bags of ballaft of ten pound?
weight each. At a quarter after one o’clock, the
barometer, which on the cliff ftood at 20,7> was
fallen to 27,33 and the weather proved fine ant
warm. Dri Jeffries defcribes with rapture the
profpect which at this time was before their t‘}"?s'
The country to the back of Dover, interfpﬂf“d
with towns and villages, of which they could count
37, made a Beautiful appearance. On the ofh”
fide the breakers, on the Goodwin Sands, appea™™
. formidablee
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formidable. Upon the whole, they enjoyed a view
perhaps more extended and diverfified than was
ever beheld by mortal eye. The balloon was much
diftended, and at 50 minutes paft one o’clock it
was defcending, in confequence of which they were
obliged to throw out one bag and a half of fand.
They were at this time about one third of the way
from Dover, and had loft diftin¢t fight of the caftle.
Not long after, finding that the balloon was defcend-
ing very faft, all the remaining ballaft was thrown

over, as alfo a parcel of books, in confequence of

which the balloon rofe again. They were now at
about half way. At a quarter paft two o’clock the
rifing of the mercury in the barometer fhewed that
they were defcending; in confequencee of which
the remaining books were thrown into the fea. At
25 minutes after two, they were at about three-
fourths of the way, and an enchanting view of the
French coaft appeared before their eyes; but the
lower part of the balloon was collapfed, owing to the
lofs or condenfation of the gas, and the machine was
defcending, which obliged them to throw over
Provifions for eating, the oars or wings of the boat,
and other articles. “ We threw away,” faid Dr.
3'9_15’3'2'1*3, “ our only bottle, which, in its delcent,
¢ caft out a fteam like fmoke, with a rufhing noife;
" and when it ftruck the water, we heard and felt
* the fhock very perceptibly on our car and bal-
“ loon.” But the balloon ftill approaching the fea,

.3 they
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they began to firip and caft away theéir clothes.
They even intended to faften themfielves to the
eords and cut the boat away, as their laft refource;
but at this critical point, they had the fatisfattion to
obferve that they were rifing; their diftance from
the French fhore, which they were approaching
very faft, was about four miles. Fear was now va-
nifhing apace; the French land fthewed itfelf every
moment more beautiful, more diftinét, and mor€
exténded; Calais, and above 20 other towns and
villages, were clearly diftinguithed. Exa&ly at thre€
o'clock, they pafied over the” high grounds about
midway between Cape Blanc and Calais ; and it 18
remarkable that the balloon at this time rofe very
fafl, and made a magnificent arch; probably owing

“to the heat of the land, which rarefied in fome med-

fure the hydrogen gas. At laft they defcended 88
low as the tops of the trees in the foreft of Guinne®
and opening the valve for the efcape of the gas, they
{oon after defcended fafe to the ground, after havifg
accomplithed an enterprife which will probably be
recorded to the remoteft pofterity.

The following is the melancholy account of &°
experiment which was attended with the death ©
two aérial adventurers, one of whom was Mr. de
Rozier, the firft perfon that ever afcended with 27
geroftatic machine.

Mr. Pilaire de Rozier, defirous of diverfifying

~ s = " ail
and ipproving the new method of travelling throva
the




Progrefs of Aeroftation. 343
the air, formed a plan of combining the two fpecies
of aeroftatic machines, from which he expected to
rénder their joined buoyancy more lafting, and of
courfe more ufeful. His plan was to place an in-
flammable air-balloon at top, and to affix to it, by
Means of ropes, a rarefied air-balloon, fo that a fpace
of feveral feet might intervene between the two.
The paffenger or paffengers were intended to take
their places in the gallery of the lower machine,
‘Whence they could regulate the fire, and might, by
a proper management of the fuel, elevate or deprefs
the whole, without the neceflity of lofing any in-
Hammable gas from the upper balloon.

Accordingly this plan was put in execution. The
Upper or the inflammable air-balloon was of varnifh-
ed filk, lined with a fine membrane, like gold-
beaters’ fkin. The other aeroftat was of ftrong
linen. On the 15th of June 1783, at feven o’clock
in the morning, every thing being ready, Mr.
Pilatre de Rozier and a Mr. Romain, placed them-
felves in the gallery of the aeroftat, with plenty of
fuel, inftruments, and other neceffary articles; and
rofe in the atmofphere. The machine feemed to
take the beft poffible direétion, but the wind being
both feeble and fhifting, they changed their direction
two or three times; but when they were at a confi-
derable height, and not above 2 of a mile from the
Place of afcenfion, the machine appeared to be in
ﬂames, and prefently the whole was precipitated

z 4 down
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down to the ground. The unfortunate adventurers
were inftantly killed, their bones disjointed and dread-
fully mangled by the tremendous fall,

How the inflammable air took fire, is varioufly
conjectured ; but it is natural to fuppofe, that the
fparks of fire muft have flown from the lowet to the
upper or inflammable air-balloon. On the ground,
the bag of the upper balloon was in great mea-
fure butned or {corched ; that of the lower was
entire.

Omirting the various uninterefting, though not
numerous, aérial voyages undertaken in various parts
of the world, ['Immg the 17 years fubfequent to the
above-mentioned dreadful accident of Pilatre de
Rozier and Mr. Romain, I fhall only add the ac:
count of two aeroffatic experiments lately pe erformed
in England by Mr. Garnerip, a French -aeronaufs

The firft of thofe. is remarkable for the very great

velacity of its motion ;. the fecond for the exhibitiof
of a mode of leaving the balloon, and of defcending
with fafety to the ground.

On the joth of June 1802, the wind being {trongs
though not impetuous, Mr. Garnerin and anothgt
gentleman afcended with an inflammable air-balloo®
from  Ranelagh-gardens ‘on the fouth-weft of Lon
don, between four and five o’clock in the afterno0fs
and exaftly in three quarters of an hour they de-
fcended near the fea, at the diftance of four miles

trom Colenefter. The diftance of that plﬂ’d from
a1 ,,Ia( |l
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Ranelagh is fixty miles; therefore they travelled at
the aftonifhing rate of 8o miles per hour, It feems
that the balloon had power enough to keep them up
four or five hours longer, in which time they might
have gone fafe to the continent; but prudence in-
duced them to defcend when they faw.the fea not
far off.

The fingular experiment of alcending into the at-
mofphere with an inflammable air-balioon, and of
defcending with a machine called a_parachute (the
breaker of a fall, or of a fbock) was performed by Mr.
Garnerin on the 21ft of September 1802, He af-
¢ended from St. George’s Parade, North Audley
Street, and defcended fafe into a field near the Small-
Pox Hofpital at Pancras,

The balloon was of the ufual fort, namely, of
oiled filk, with a net, from which ropes proceeded,
Which terminated ‘in, or were joined to, a fingle
Tope at a few feet below the balloon.:  To this
fope the parachute was faftened in the following
Manner.

The reader may eafily form to himfelf an idea of
this parachute, by imagining to fve a large umbrella
of canyas of about 30 feet in diameter, but deftitute
Of the ribs and handle. Several ropes of about 30
feer in length, which proceeded from the edge of
the parachute, terminated in a common Joining,
from which fhorter ropes proceeded, to the extre-
Rities of which a circular balket was faftened, and

in
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in this bafket Mr. Garnerin placed himfelfl  Now
the fingle rope, which has been faid above to pro-
ceed from the balloon, paffed through a hole in the
centre of the parachute, alfo through certain tin
tubes, which were placed one after the other in the
place of the handle or ftick of an umbrella, and was
laftly faftened to the bafket; fo that when the balloon
was in the air, by cutting the end of this rope next
to the bafket, the parachute, with the bafket, would
be feparated from the balloon, and, in falling down-
wards, would be naturally opened by the refiftance
of the air, The ufe of the tin tubes was to let
the rope flip off with greater certainty, and to
prevent its being entangled with any of the other
ropes, as alfo to keep the parachute at a diftance
from the bafket.

The'balloon began to be filled at about twO
o'clock. There were 36 cafks filled with 1ol
turnings, and diluted fulphuric acid, for the produve”
tion of the hydrogen gas. Thefe communicated
with three other cafks or general receivers, to each
of which was fixed a tube that emptied itfelf int®
the main tube attached to the balloon.

At fix, the balloen being quite full of gas, and
the parachute, &c. being attached to ir, Mr. Gar-
nerin placed himfelf in the bafket, and af (cended
majeltically amidft the acclamations of innumerabl®
fpefators. ‘T'he weather was the cleareft and { ple#”

- . t
fanteft imaginable ; the wind was gentle and Jboli,r
wet
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weft by fouth; in confequence of which Mr. Gar-
Nerin went in the direftion of about eaft by north.
In about eight minutes time, the balloon and para-
chute had afcended to an immenfe height, and M.
Garnerin, in the bafket, could fcarcely be perceived.
While every fpeftator was contemplating the grand
fight before them, Mr. Garnerin cut the rope, and
In an inftant he was feparated from the balloon,
trufting his fafety to the parachute.

At firft, viz. before the parachute opened, he
fell with grear velocity ; but as foon as the para-
chute was expanded, which took place a few
moments after, the defcent became very gentle and
gradual. In this defcent a remarkable circumftance
Was obferved ; namely, that the parachute with the
appendage of cords and bafket, foon began to vi-
brate like the pendulum of a clock, and the vibra-
tions were fo great, that more than once the para-
chute, and the bafket with Mr. Garnerin, feemed
to be on the fame level, or quite horizontal, which
appeared extremely dangerous: however, the ex-
tent of the vibrations diminifhed as he came precry
Bear to the ground. "On coming to the earth,
Mr. Garnerin experienced fome pretty ftrong
fhocks, and when he came out of the bafket, he
Was much difcompofed ; but he foon recovered
his {pirits, and remained without any material

hupe,

As [oon as the parachute, &c. was {eparated from

t‘ﬂe bal

alloon, the latter afcended with great rapidity,

and,
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and, being of an oval form, turned itfelf with its
Jonger axis horizontal.

If it be aflked, what ufe can be made of the pa-
rachute, we can only anfwer, that it may be ufed
as 4 precaution ; viz. it may be attached to a bal-
loon; and, in cale the balloon fhould take fire of
burft, the aeronaut might defcend by the affiftance
of the parachute,

For farther particulars relative to the difcovery
of acroftatic machines, and of the various aérial
voyages made foon after that difcovery, as allo for
the practical part of the fubject, fee my Hiftory
and Practice of Aeroftation.
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FACTS ESTABLISHED BY THE VARIOUS AEROSTA-

TIC EXPERIMENTS.

/ iVNE_"‘TT‘:’ years are now fully elapfed fince
the aeroftatic machinss were firlt invented.

The experiments 1n this new branch of natural phi-

lofophy have been frequently repeated, and often

| J
diverfified. Few accidents have happened ; but a
Valt number of aerial voyages have perfeétly fuc-
Ceeded ; and if it be confidered that moft of the ad-
Venturers have been perfons little, if at all, fkilled
in philofophy or mechanics, we may mLh more
Propriety wonder that a greater number of difa-
8reeable accidents has not happened. The fimila-
lity with which a valt number of fuch experiments

has | been ‘performed, t enable the hiftorian to

deferibe a great many acrial voyages with the very
fame yo; dsy {faving thechanze of date, and of a few
Other uninteref]

legted £

for the preceding chapter, fuch experi-

rticulars ; we have, therefore,

Wents as were arrended with more remarkable

ftlules, whence th may derive a com-
Betent idea of the ubject; and, in order

o
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to affift as much as pofiible the formation of an idea
fufficiently comprehenfive of aeroftation in gener’dis
we fhalk fubjoin a ftatement of the moft remarkable
particulars that have been deduced from the refults
of experiments.

" Two forts of aeroftatic machines have been dif-
covered, viz. one to be filled with rarefied compoon
air; the other to be filled with hydrogen gas (in-
Aammable air). - The effe& of thofe machines is t©
fifc up a certain weight into the atmofphere, whereil
they rife to a greater or lefs height, according as they
are more or lefs light than an equal bulk of commo?
air.  The firft {fort may be filled either by applying
2 fire clofe to its aperture, only before it goes ups
which introduces a quantity of heated and rarcfied
air into the machine ; or by adapting a fire-place t©
the neck of the machine, wherein the fire may be
continued. In the firft cafe, the aeroftat remain®
only a thort time in the atmofphere, viz. until the
enclofed air cools, and becomes nearly of the fam€
temperature as the circumambient air. In the fecond
cale the machines remain in the air as long as the
fire is continued in the fire-place. The inflamm#”
ble air-balloons remain in the air as long as a {uffi-
cient quantity of gas remains within them, which
amounts in general to feveral hours, according 0 the
quality of the ftuff which forms the envelope.
The air rarefied as. much as is practicable in fuch
machines, is by no means fo light as an equal bulk
of hydrogen gas; hence, in orcer to fupport 2 g{v‘eﬂ
weigl]rl
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Weight, an aeroflatic ‘machine, with rarefied  air,
muft be larger than one with the gas. In order to
fupport a fingle man of a mean fize, a machine of
the firft fort ought to be about 30 feet in diameters
of the latter fort it will juft do if the diameter be 20
feer,

In the atmof(phere, the machine is at relt with re-
fpect to the furrounding air ; hence it moves with
that air; and hence the aeronauts feel no wind, nor
any difturbance whatever, excepting in the above-
meniioned cafe of the duke of Chartres; o much
fo, that they hear their leaft whifpers with great
diftin¢tion, and it is remarkable that they feel no
ficknefs or giddinefs.

Several attempts have been made to dire&: the
aeroftatic machines out of the diretion of the wind;
but the contrivances have not met with any ufeful
fet. The oars or wings, or fuch other mecha-
Difins, intended to let the balloon move ‘in a. direce
tion either contrary or oblique to that of the wind,
haye 5 very trifling effeét ; for inftance, in a per-
fect calm, by the management of the above-men-
toned wings, the machine might perhaps be moved
At the rate of about half a mile per hour; then if
the balloon, with a moderate breeze; move in a
SCrtain. direction at the rate of about 30 miles per -
hol—”‘, itis evident that the aétion of the wings, when
mﬁn:-_gtd by one or two ftrong men, can hardly
Qufe the defleftion of the balloon from the di-
®dion of the wind in any fenfible or ufeful de-
8ree,

What
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What is the ufé, and what is the advantage, which
the human fpecies has derived, or is likely to derives
from the ufe of fuch machines, is an important
queftion, to which as much attention fhould be pﬂié‘.
as the ftate of the fubjed will admit of. During
the firft five or fix years after the difcovery, aero
ftatic machines excited an unparallelied enthufiafi®
throughout the civilized part of the world ; perfons
of every rank eagerly fought to learn, to fee
and to promote, the new difcovery. Liberal {ub-
fcriptions have affifted the enterprifers in almof?
every part of Europe and clfewhere; and perbap®
an indifferent eye was never turned away from the
exhibition of aeroftatic experiments ; yet indepen”
dent of the pleafure which arifes from a view or fro®
the performance of fuch experiments, the hum#®
fpecies has not derived any real advantage from the
fubje& of aeroftation. - The expence, the time, and
the trouble, which actend the conftrution, and tH
uft of aeroftatic machines, will perhaps ever preve” i
their being ufed as vehicles for travellers, efpeu»m

confidering that they can only move in the dir€®
tion of the wind, which is frequently Ln{avour«-b‘
and always uncertain.  Neverthelefs in certain cafcs
the ufe of balloons might be not only advantageo’™
but the only one prafticable. During the late wars

on the continent, it is faid that the French m? g
fiti0

great ufe of balloons for reconnoitring the po* s

el
of the adjacent country, or of the armies of €0

air
enemies; For this purpofe, an inflammable
wn balloor'
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bailoon, juft fufficient to hold a fingle perfon, was
fatened by a flender cord, and was permitted to rife
hot higher than three or four hundred feet, from
Which elevation the obferver could eafily forn a plan
of the country, or army, &c.

With refpect to philofophical experiments in the
atmofphere, little has been dene by means of bal-
loons ; nor can much be expected to be done, unlefs
Perfons of real knowledge and ability be employed
and affifted in the enterprile.

It has been generally obferved by aeronauts, that
during the abfence of the fun, the cold in the upper
tegions is confiderable ;” but the dire& rays of the
fun produce much hear, which is rendered more
likely by confidering that the air about the aeronaut
and balloon, is refpectively at reft,’ and cannot
diffipate the heat, as the wind does with refpe to
4 perfon who ftands on a mountain, The cold of
the atmofiphere increafes, ceteris paribus, with the
creafe of diftance from the earth ; but the greateft
he‘lght, to which aeronauts have afcended, though
ot precifely known, feems to be about 16000
feet, They feldom {peak of having felt any uneafi-
Rels with refpect to refpiration, or other animal
fungion,

I was told of a magnetic experiment faid to have
been made by three gentlemen, who afcended with
S0 inflammable air-balloon from the vicinity of
Loﬂdon; on the 3d of June 1785. They obferved
thar 5 magnet, when in the armofphere, would not

Yor. v, A A hold
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hold nearly as much weight as it did when it ftood
as ufual on the furface of the earth,

Relative to the conftruétion of aeroftatic ma-
chines, the following particulars may be of ufe t©
thofe who are defirous of performing fuch experi
ments.

The two forts of aeroftatic machines have theif
peculiar advantages and difadvantages. Thofe with
rarefied air are lefs expenfive, though they mutts
ceteris paribus, be larger than thofe of the othef
fort. The former, if {mall, are made of paper’
and when they are required to lift up cenfiderabl®
weights; fuch as men and other things, they are madé
of ftrong coarfe linen, which has fometimes be€”
lined with paper. 'When made, it would be not
improper to dip them once in a folution of alu™
and then to dry them ; in that ftate being lefs liablf’
to take fire, But the greateft objetion to the v/
of {uch aeroftats, is, that they require a cr;mﬁc]cra\'bIIE
quantity of fuel, which, beyond a. certain meaftf®
cannot be admitted into the gallery; in fact, the agrid
voyages that have heen made with this fort of Mm%
chines, have all been of thort duration. Befides; the
neceflity of keeping up the fire is a continual four®®
of rrouble and of danger. However, as the mate”
rials and the fuel for the conftruétion and ufe of {4€"
machines, may be found almoft every. where and 3¢
a moderate rate, their ufe may juftly be reco™”
mended for experiments, efpecially where the i
terials neceffary for the other fort of balloons canft®
be procgrcd. T he
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The inflammable air-balloons are confiderably
More expenfive. Nothing has been found more
advantageous for their envelope; than eiled, or ra-
ther varnifhed filk ; which is by no means a cheap
article, efpecially in England. Refpecting the pro-
duction of the gas, the only method practicable for
this purpofe, is to ufe the iron turnings, which may
be had at various iron manufactories, and diluted
fulphuric acid. 1 do not proceed to flate in this
Place the utmoft quantity of hydrogen gas thar a
Chemift ean extrad in his laboratory, from a given
Quantity of iron and acid; fince that precifion of .
Operation cannat be expeded with large procefies,
fuch as are necefiary to fill a balloon in the open air,
and with a coarle apparatus; but I fhall ftate one of
the moft economical operations for filling a balloon,
which came to my notice when Mr, Blanchard made
an aerial excurfion with a balloon of only 20 French
feet (about 21 Englith) in diameter, from which
the reader may judge of fimilar operations. That
balioon was completely filled by the ufe of 1000
Pounds weight of iron turnings, and 1250 pounds
Weight of fulphuric acid. The iron, however, was
'00 much, and goo pounds weight of it might have
fufficed. The capacity of that balloon was 48,9
Subic feet, Englith meafure. The apparatus for the
OPeration of filling it confifted of only four cafks,
Cach having a tube which communicated with a
“Ommon receiver inverted in water, whence the oag
Wag conveyed into the balloon, which was fufpended
Aaa over
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over it. ‘The capacity of each cafk was 120 gallons.
T he operation lafted between 10 and 11 hours.
Notwithftanding the much greater expence and
trouble which attend the conftru&ion and the filling
of this fort of balloons, it muft be acknowlcdged
that they are by far the moft ufeful and moft pleafant
aérial vehicles. Once full, they require very little
attendance ; and, by a proper management of the
ballaft, the aeronauts may keep them up for a con-
fiderable time. A balloon of this fort, not above
36 feet in diameter, if properly conftructed, proper~
ly filled, and dexteroufly managed, might keep up
in the atmofphere two perfons of moderare weights
perhaps longer than 30 hours—time fufficient, with
a pretty good wind, to crofs the whole continent of
Europe.
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SECTION 1L

®F METEORS ; AND OF THE STONY SUBSTANCES,
WHICH, AT VARIOUS TIMES, ARE SAID Tb HAVE
FALLEN FROM THE SKY. :

ENERAL and frequent obfervation fhews

that fogs, mifts, dews, rain, fnow, and hail,

@ll more or lefs copioufly from the atmofphere

upon the furface of the earth; and that all thofe

bodies confift of the fame fubftance, namely, water,

either in the ftate of fteam, or of fluid water, or,
laftly, under a congealed form.

Though we cannot rightly underftand the mecha-
hical operation by which water is converted into va-
Pour, and vice verfz, yet it is in general known,
thar water reduced into vapour, afcends in the at-
Mofphere, and forms the clouds; alfo that after-
Wards the clouds are refolved into water, which,
8ccording to its quantity, and according to the va-
Tous temperatures or other ftates of the atmofphere,
defoends, under various forms, on the furface of the
Carth,

The eleftricity, which experiments thew (as has
been mentioned in the preceding volume) to be
Produged at the time of the converfion of water into

AAJ vapour,
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vapour, and likewife at the converflion of vapout
into water, feems fufficient to account for'the thune
der and lightning, which pretty often accompany the
clouds. - But independent of thofe effects, ther¢
have been obferved in the agmofphere two othef
forts of phenomena, which the prefent ftate of phi
lofophical knowledge is not fufficient to explainj
nor can even offer an hypothelis fufficiently plaufible
for their explanation. I mean, firft, thofe lJuminous
apparitions gencrally known under the name of
meteors 3 and, 2dly, the ftony fubftances which af
Yarif)us times are faid to have fallen on the furfacé
of the earth.
The eoncurrence of {everal obfervations feems t@
hew, that there is a confiderable connefion bé”
tween thofe phenomena, and it is on this account
that a compendious examination of both has beeft
placed in this fame fection,




CHAPTEER- L
OF METEORS.

THE fudden apparition and fhort duration of
Juminous bodies in the fky, of different fize,
and gencrally of quick motion, fcems to have been
obferved from time immemorial; for we find ac-
Counts of fuch apparitions in a variety of ancient
authors, who, according to the different fhapes of
thofe phenomena, gave them the names of faces, or
globi, or famm.e, &c. and in latter times they are
denoted by the different names of fheoting-ftars, balls
of fire, or imeteors.

Not much information can be derived relative to
thofe phenomena from ancient accounts, which are
fnoi‘tiy too fhort and incorrect ; or they are involved
i ‘myftery, and diftorted by exaggerated expref-
fions; but the obfervations of latter times, efpe-
Clally thofe which come within our remembrance,
afford much more fatisfactory information. The
Mot magnificent meteor of latter times, was feen
On the 18th of Auguit 1783 ; and as I had the good
fortune to obferve it from a moft eligible fituation,

AA4 viz.
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viz. from the terrace of Windfor caftle ; I fhall tran=
fcribe the account which I fent to the Royal Society
from which the reader may form a competent idea
of meteors in general. I fhall then fubjoin the ob-
fervations made on other meteors, whence the {jmi-
larity or the diflimilarity of particular circumi{tances
may be eafily feen,

The following account was formed from the con=
curring obfervations of'a few intelligent friends with
whom I then happened to be in company, every
one of whom made fome particular remark,

On the evening of the 18th of Auguft 1783, we
were {tanding uvpon the north-eaft corner of the
above-mentioned terrace, The Weather was calms
and agreeably warm ; the {ky was ferene, excepting
very near the horizon, where a hazinefs juft prés
vented the appearance of the flars, A narrows
ragged, and oblong cloud ftood on the north-welt
fide of the heavens, reaching from the extremity ©
the hazinefs, which rofe as high as 18 or 20 degreess -
and ftretching itfelf for feveral degrees towards the
eaft, in a direction nearly parallel to the horizof
It was a little below this cloud, and confequently in
the hazy part of the atmofphere, about the N bY
W. : W. point of the compafs that this Jumino¥
meteor was firft perceived, Some Hafthes of 128"
bent light, much like the aurorg borealis, were ﬁrﬁ
obferved on the northern part of the heavens, which
were foon perceived to proceed from a roundifl ¥
wipous body, nearly 3s big in diameter as the femt
diamete¥
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diameter of the moon, and almoft flationary in the
above-mentioned peint of the heavens. It was then
about 25 minutes after nine o’clock in the evening,
This ball at firlt appeared of a faint bluifh fight,
Perhaps from being juft kindled, or from its ap-
pearing through the hazinefs; but it gradually in-
creafed its light, and foon began to move, at firlk
afcending above the horizon in an oblique direCtion
towards the eaft. Its courfe in this direction was
very fhort, perhaps of five or fix degrees; after
which it direted its courfe towards the eaft, and,
moving in adirection nearly parallel to the horizon,
reached as far as the 8. E. by E. point, where it
finally difappeared. The whole duration of th

L1]

meteor was half a2 minute, or rather lefs ; and th
altitude of 1ts track feemed to e about 24" above

o

the horizon. A fhort time after the beginning of
its motion, the Juminous hody pafled behind the
above-mentioned Jimall cloud, fo that during this
pafiage we obferved only the light which was caft in
the heavens from behind the cloud, without actually
feeing the body from which it proceeded for about
the fixth or at moft the fifth part of its track ; but
4s foon as the metcor emerged from behind the
Cloud, its light was prodigious. Every obje& ap-
Peared very diftinét ; the whole face of the country
in that beautiful profpec before the terrace, being
inftantly illumined. At this morment the body of
the meteor appeared of an oblong form; but it pre-
fently acquired a tail, and foon after it parted into

feveral
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everal fmall bodies, each having a tail, or elonga-
tion; and all moving in the fame direction, at 4
finall diftance from each other, and very little be-
hind the principal body, the fize of which was gra-
dually reduced after this divifien. In this form the
whole meteor moved as far as the S. E. by E. points
where, the light decreafing rather abruptly, the whole
difappeared.

During the phesnomenon, no noife was heard by
any of eur company, -excepting one perfon, who
imagined to have'heard a crackiing noife, fomething
like that which is produced by imall wood when
burning. | But about 1o munutes after the difap-
pearance of the meteor, and when we were juit’
going to retire from the terrace, we heard a rumbling
noife, as if it were of thunder at a greac diftances
which, in all probability, was the report of the
meteor’s explofion ; and it may be naturally ima-
gined that this explofion happened when the meteor
parted into fimall bodies, viz. at about the middle of
its track,

Now if that noife was really the report of the
explofion, which happened at the above-mentioned
place ; the diftance, altitude, courfe, and other par-
ticulars relating to this meteor, mufl be very nearly
fuch as are exprefled in the following lift ; they be-

ing calculated with mathematical accuracy upon th
hat

preceding particulars, and upon the fuppofition t
{ound travels at the rate of 1150 feer per fecond-
But if the noife we heard was not tha

¢ of the

D
meteor =
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neteor’s explofion, then the following refults muft
be confidered as quite ufelels and erroneous.

Diltance of the meteor from Windfor

caftle - - - - - 130 miles,
Length of the path it defcribed in the

heavens - - - - - §50 miles,
Diameter of the luminous body when

it came out of the clouds - - 1070 yards,

Tts height above the furface of the earth 563 miles.

The explofion muft have happened perpendicu-
larly over Lincolnfhire *,

Such is the account which I wrote the day after
the appearance of the meteor ; and it is remarkable
that the above-mentioned particulars were almoft
entirely confirmed by various other accounts of the
fame meteor, which were .afterwards either fent to
the Royal Society, or inferted.in different pub-
Yications.

Thofe accounts, which were {ent from various
parts of this ifland, as alfo from the continent, con-
firmed, as nearly as can be expeéted, the above-
mentioned refults refpecting its fize, velocity, ele-
Vation, and explofion, over Lincolnfhire; but this
Mmeteor muft have certainly had its origin much
farther north than we imagined; and indeed, on

=

* Philofophical Tranfaltions for the year 1784, Ar-
ticle TX,
account
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account of the intervening cloud, it was impoffible
for us to perceive it at an earlier part of its courfes
It is alfo probable that it muft have gone orterminated
at a much greater diftance than it appeared to us; for
as its light diminithed until it vanithed, we mulk
naturally have loft fight of it fooner than thofe who
ftood farther fouth on the continent. The various ac-
counts feem to eftablifh, that its courfe commenced
bevond the northern extremity of this ifland, pro-

bably fomewhere over the northern ocean. It

e
f Perth, and perhaps a
little eaftward of Edinburgh: it proceeded over the

fouth of Scotland, Nerrhumberland, the bithopric

pafled a licde weitward o

of Durham, Yorkfhire, Lincolafhire, over which it
feerned to have deviated gradually to the weltward,
and in the courfe of that deviation, to have fuffered
the burfling or partition. It then pafled over Cam-
bridgefhire, Effex, and the Straits of Dover, enter
ing the continent probably not far from Dunkirks
where, as well as at Calais and Oftend, it was
thought to be vertical. It was feen ac Bruflelss
Paris, Nuits in Burgundy, and, it is faid, even 2
Rome. Upon the whole it muft have defcribed 3
track upwards of 1coo miles in about halfa mi=
nute ; an aftonifhing rate of going, vaftly {wiftet
than the motion of found, -
Such are the particulars of this magnificen®
meteor, which undoubtedly was one of the largeﬁ’
and with which f{everal other accounts may be
compait
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compared for the fake of forming {ome general idea
of the fubject.

I am unwilling to affert, though I have no partis
cular reafon to deny, that the large meteors, fuch
as we have defcribed, and thole which are com-~
monly called fhooting-ftars, have a common origin,
or are of the fame nature, and differ only in fize.
Our utter ignorance of their nature, and the want of
accurate obfervations, do not enable us to form any
other diftinétion. It appears then, that the number of
meteors is immenfe ; for the thooting-ftars, or the
meteors of tha fmalleft fize, are to be feen in plenty
every clear night. Some of them are fo fmall as to
be accidentally feen only through telefcopes, others
are vifible to the naked eye that happens to be di-
rected to that part of the fky; whilt ethers, by
cafting more or lefs light, excite attention, and are
remarked.

The apparent fize of thofe meteors is various §
but their apparent motions, when they happen to
dire@ their courfe nearly at right-angles to the
fpectator, feem not to differ much : whence we may
Conclude that they are nearly at equal diftances from
the earth ; and of courfe they muft altually differ in
fize, This point, however, is much in want of
Confirmation, and it might be wifhed that three or
four obfervers, in a pleafant autumnal evening,
Were fituated at certain diftances (for inftance 10 or
20 miles) from each other, and would endeavour
%0 remark the altitudes of all the fhooting-ftars they

faw,




366
faw, together with the time of their appedraice.
The altitude may be eafily afcertained by obferving
the ftars over or near which the meteor paffes, and
by referring it to 2 common celeftial globe, rectified
for the latitude of the place and time of the appari-
tion, &c. By this means the altitudes above the
furface of the earth, of thofe diminutive meteorss
might in great meafure be afcertained. With refpect
to large meteors, whofe altitudes have been pretty
well eftimated, it is remarkable that they have been
found to be nearly at the fame height. A meteof
mentioned in the 51ft volume of ths Pl*.ilofophic:l1
Tranfations, feems to have attained the height of
nearly §o-miles. In the acts of the Academy of
Sciences at Paris, for 1771, a meteor is defcribed
which was feen on the 17th of July 1771 and it
was reckoned to have been g4 miles high when i
began, and 27 when it exploded. The greatefl al-
titude of the meteor of the 18th of Auguft 17385

Of Meteo#ss

was about ‘¢6 miles with refpet to fize; a regio¥
where the air is at leaft 30000 times rarer than nedfl
the earth. :

This fame meteor of the 18th of Auguft, W&
certainly one of the largelt; fome accounts, ho¥”
ever, make mention of a few larger meteors having
been feen; but it muft be obferved that the 4%
zling light of fuch ‘bodies always tends to imPrC{s
the mind of the obferver with an enlarged idea ¢
their fizes,

The fhapes of fuch bodies have been difterentlf

» o ~hes
defcribed.  They have been compared to torche®
3 P'lllin's’
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pillars, barrels, paper kites, &c. &c. which thews
that they mullt really be of different forms; yet it
is evident that moft of thofe varieties muft arife from
the different pofitions of thofe bodies with refpe@
to the obfervers. Their moft ufual form is nearly
globular, generally having a fort of rail or elonga-
tion, which is of various lengths in different meteors,
and \.--.é eable in the very fame meteor. Some
meteors feem to preferve their fhapes during their
appcarance, others change i5, and frequently they
are divided, or burft, intd fmaller -bodies, The
fame meteor has been fometimes obferved to burft
more times thao once during its appearance, *

Atr-the time of the apparent burfling, a hollow
found, like that of diftant thunder, or a much fharper
found, has often been heard ; and fome of the me-
teors that have come nearer to the earth, have been
attended with a hifiing; or a fort of rattling noife,
during the greateft part of their courle.

The colour and {plendour of meteors vary con-
fiderably in different meteors, as alfo in the fame me-
teor throughout its courfe. ‘In general it is white,
Wwith a thade of blue. Their luftre has fometimes
exceeded that of the moon, and it 1s related that
Meteors have been feen even in the broad day-lighe,
and full fun-thine,

The duration of the appearance of meteors has
hardly ever exceeded half a minute ; and it is often
lo inflantancous as to be barely perceptible,

That meteors have, latly, ended their courfe upon

-~ the
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the furface of the earth, or that fomething hard ha#
fallen from them, has been afferted in various ac
counts 3 amengft which I fhall tranfcribe the follow-
ing, which Is very circumftantially related by John
Lloyd Williams, Efg. in the Philofophical Trani-
actions for 1802. = This gentleman being in India,
and having heard of an extraordinary phenomenon
which had juft happened, made particular inquiries
concerning it.  *¢ The information,” he fays, « I
obtained was, that on the 1gth of December 1498,
about 8 o’clock in the evening, a very luminous
meteor was obferved in the heavens, by the inhabi-
tants. of Benares, and the parts adjacent, in the
form of a large ' ball of fire; that it was accompa-
nied by a loud noife, refembling thunder ; and that
a number of {tones were faid to have fallen from it
near Krakhut, a village on the north fide of Ehc_
siver Goomty, about 14 miles from the city of
Benares. )

¢« The meteor appeared in the weftern part O
the hemifphere, and was but a fhort time vifibl¢*
it was obferved by feveral Europeans, as well as 04”
tives, in different parts of the country.

« In the neighbourhood of Juanpoor, about 1%
miles from the {pot where the flones are faid ro hav®
fallen, it was very diftinétly obferved by feveral EV-
ropean gentlemen‘and ladies; who defcribed it a5 #
large ball of fire, accompanied with a loud mmbii“g
noifé, not unlike an ill difcharced platoon of mu!”

quetry, It-was alfo feen, and the noife heards by
yariow®
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various perfons at Bemares. Mr. Davis obferved
the light come into the room where he was, through
a glafs window, {o ftrongly as to projeét thadows
from the ‘bars between the panes, ona dark-coloured
carpet, very diftinétly ; and it appeared to him as
luminous as the brighteft imoon-light.

« When an account of the fill of the ftones
reached Benares, Mr. Davis, the judge and magi-
ftrate of the diftrict, fent an intelligent perfon to
make inquiry on the fpot. When the perfon ar-
fived at the village near which the ftones were faid
to ‘have fallen, the natives, in anfwer to his inqui-
ries, told him, thatthey had ¢itherbroken to pieces,
or given-away, to the Teffeldar(native colle@or) and
others, all that they had picked up; but that he
might eafily find fome in the adjacent fields, where
they would be readily difcovered (the crops being
‘then not above two or three inches above the °
ground), ‘by obferving where the carth appeared to
be recently ‘turned up. Following thefe-directions,
he found four, which he brought to Mr. Davis:
moit of thefe, the force of the fall'had buried, ac-
cording to a meafure he produced, about fix inches
deep, ‘in ‘fields which feemed to have been recently
Watered ; and 1t appmrcd from ‘the man’s defcrip-
tion, that they muft have lain at the diftance of about
Ico yards' from each other.

“ What he further learnt from the inhabitants of
the village, concerning:the phenomenon, was, that
about § .o’clock in the evening, when retired to

YOL. IV, B E their
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their habitations, they obferved a very bright light
proceeding as from the fky, accompanied with 2
loud clap of thunder, which was immediately fol-
lowed by the noife of heavy bedies falling in the
vicinity. - The firft cireumftance which attracted
their attention, was the appearance of the earth
being turned up in different parts of their fields, as
before-mentioned, where, on examining, they found
the ftones,

« At the time the meteor appeared, the fky was
perfe@ly ferene ; not the fmalleft veftige of a cloud
had been feen fince the 11th of the month, nor wereé
any obferved for many days after. ‘

“ Of thefe ftones, I have feen eight, nearly per-
fe&t, befides parts of feveral others, which had been
broken by the poffefiors to diftribute among theif
friends, The form of the more perfett ones, ap-
peared to be that of an irregular cube, rounded off
at the edges ; but the angles were to be obferved oF
moft of them. They were of various fizes, fro®
about three to upwards of four inches in their Jargeft
diameter § one of them meafuring 4 £ inches
weighed two pownds and 12 ounces. In appearanc®
they were exattly fimilar : externally, they wer®
covered with 2 hard black coat or incruftatiofs
whiich in fome parts had the appearance of varnif”
or bitumen ; and on moft of them were fracture?
which, from their being covered with a mattel
fimilar to that of the coat, feemed to have beert

made in the fall, by the ftones ftriking againft €27
: others
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other, and to have paffed through fome medium,
probably an intenfe heat, previous to their reaching
the earth. Internally, they confifted of a number
of fmall fpherical bodies, of a flate colour, em-
bedded in a whitith gritty fubftance, interfperfed
with bright fhining fpiculz, of a metallic or pyriti-
¢al nature. The fpherical bodies were much harder
than the reft of the ftone: the white gritty part
readily crumbled, on being rubbed with a hard
body ; and, on being broken, a quantity of it ag-
tached itfelf to the magnet, but more particularly
the outfide coat or cruft, which appcarccl: almoft
wholly attra&able by it.”

It feems from this account, that the meteot con-
fifted of a large body, which burft at the time
when the report was heard, and that its fragments
fell to the earth.—The principal remarks, which
have been made concerning thofe and other ftony
fubftances, faid to have fallen from the fky, will be
found in the following chapter.

BE 3




OF THE STONY BODIES WHICH ARE SAID TO HAVE

i FALLEN FROM THE S5KY.

T VHE writings even of the remoteft antiquity,

the verbal traditions of moft nations, and va-

rious circumftantial accounts of modern times, aflfert

that ftones, or ftony and metallic concretions of

various fizes, have, at different times, fallen from
heaven upon the furface of the earth, )

Ignorance and fuperftition -have frequently attri-
buted a facred charatter. to thofe extraordinary
{tories ; but fince fuperftition and impofture aré
' nearly allied, and as the formation of fuch folid
! bodies in the fky is utterly unaccountable in the
prefent ftate of philofophical knowledge, the fall
of thofe celeftial ftones, though gencrally believed
by the vulgar, has been as generally difbelieved by
the learned, part of the human fpecies.

Every fingle account of this fort might perhap®
be rejeéted without impropriety ; but the repeatfd
affertions of a great many authors in almoft every
age ; the accounts of recent cales of this fort that

s . . . g
have happened in the prefence of witneffes, LviN>
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at this' very time, who have been examined and in-
terrogated with all the formality and circumiftantial
minutenefls that feepticifm' could ‘demand ; and,
above all, the firong evidénce which arifes fiom
the chemical analyfis of various fones of this fore,
which have been collefted at different tithes, and in
moft diftant countries, are more than fufficient to
eftablifh the general fa in the minds of impartial
perfons; and enly leave for pofterity the duty of
examining with the greateft attention, and of re-
cording with minutenefs, all the circumfances that
may attend future cafes of this fort; whence the
origin and the nature of fuch wonderful phenomena
may be fatisfaétorily inveftigated.

We are much indebted to Edward King, Efq.*
and to Dr. Chlodni , for having collefted a great
number of accounts relative to this fubje@, and for
having ably compared them with each other; and
we are principally indebted to Edward Howard,
Efg. for a careful analyfis of various ftones faid to
have fallen from heaven.

The fall of athes, and even of red-hot ftones in
the vicinity of volcanos, at the time of an eruption,
are o evidently owing to the eruption, that no doubt

* See his Remarks concerning Stonts fa:d to have Jallen
J¥om the Clouds, both in thefe Days, and in ancient Times, o
London, 1796.

1 See his Tra& concerning the fuppofed Origin of the
Mas of Iron found by Du, Pallas in Siberia.—Riga, 1794.

BB 3 can
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can be entertained concerning the fac. The ignited
maiter, accompanied with very denfe fmoke, is feen
_ to rife from the crater of the volcano, and is pro-
je€ted into the air, even to the perpendicular height
of feveral miles * ; the thick, dark {moke formsa
cloud of vapour and afhes, which is extended by the
wind in its direftion, over a great extent of country,
fometimes amounting to feveral hundred miles ;
upon which it drops afhes §, and in the neareft parts
even ftones of different fizes, according to the va-
rious diftances. But independent of thofe evident
volcanic productions, the ftones of confiderable fize,
which are faild to have fallen at different times,
feem to have a different origin ; firft, becaufe they
have frequently fallen at immenfe diftances from
any volcano; and, fecondly, becaufe thofe falls have
moftly happened at times when no volcanic eruption
was known to have taken place. Itis not impro-
bable, however, as Mr. King feems to conjeture;
that fometimes, when an extenfive clond of athess
or earthy and pyritous particles, has been projected
from a volcano, apd has been driven by the wind

e

# See Sir William Hamilton’s Account of an Eruption of
Mount Vefuvius, in the Philofophical TranfaGions for 1795
page gr and g2. .

+ Atan eruption of Vefuvius, anno 471, the afhes wenf
almoft all over Europe, and in plenty even to the city of
Conftantinople. Carolus Sigonius, and Marcellinus ComeS
make exprefs mention of that great eruption,

10
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to a great diftance, thofe particles may have under-
gone an effervelcence, a combuftion, and a fabfe
quent agglutination, which formed the ftone. The
facts, however, do not always feem to admit of fuch
a fuppofition. But before we attempt to affert or
to refute any hypothefis, it will be proper briefly to
mention fome of the lateft and beft attefted facts of
this nature ; which I fhall moftly tranferibe from the
above quoted work of Mr. King.

«¢ The well known and celebrated Cardan, mn his

rbook De Varietate Rerum, hib. 14, cap.72, tells us,

that he himfelf, in the year 1510, had feen 120
{tones fall from heaven ; among whick one weighed
120 and another 60 pounds ; that they were moftly
of an iron colour, and very hard, and fmelt of brim-
ftone. He remarks, moreover, that about three
o'clock, a great fire was to be feen in the heavens ;
and that about five o’clock the ftones fell down with
a rufhing noife,”

« It is related by Dr. Halley (Philofophical
Tranfaltions, N° 341), that on the 21ft of May
1676, a fire ball was feen to come from Dalmatia,
proceeding over the Adriatic fea; it pafled obliquely
over Italy, where a hiffing noife was heard; it burft
8.8.W.{rom Leghorn, witha terrible regort, and the
Dieces are faid to have fallen into the fea, with the fame
fort of noife as when red-hot iron is quenched or ex-
tinguifhed in water. Its height was computed to be
Not lefs than 38 Italian miles ; and it is faid to have

toved with immenfe velocity. Its form was ob-
BE 4 longs
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long, at leaft as the luminous appeardnte feemed in
its paffage.” .

The Abbé Stutzy affiftant in the imperial cabinet
of curiofities at Vienna, in a book printed at Leipfic
in 1790, deferibes two ftones faid to have fallen from
the clouds; one in the Eichffedt country in Germany,
and anothér in the Beokin circle in Bohewmia, in July
1753 He allodefcribes two more which were feen
to fall not far from Agram; the capital of Croatia in
Hungary 3 concerning which; he relates that the
bithop of Agram caufed feven eye-witnefles to be
examined tpon oath, and the fubftance of their evi-
dence 15, *° that about fix o'clock in the ‘afiernoan
of the 26th of May 1751, there was. feen towards
the eaft; a kind of ﬁér}-’ ball, which, after it had burft
into two parts; with a great report; exceeding thatof
a-cannod, fell from the fky, in the form and appear=
ance of two chains entangled in one another ; which
was attended with a loud noife, as ifa grear many
carriages rolled along. After this a black finoke
was fcen, and a part of the ball feended to fall in 40
arable field; an the fall of which to the ground #
il greater noife was heard, and a fheck was pers
ctived fomewlat like an earthquake.

¢ This piece was afterwards foon dug out of the
ground; which had been patticularly noted to DS
plain and level, and ploughed juft before ; but wher®
tt was now found to have made a grert fiffures ©°
cleft, an ell wide, whilét it (inged the earth on the

[1des,
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% The other piece, which fell in a meadow, was
allo dug op, and weighed 16 pounds.”

The ftone which fell o the Eichftedt country, as
~ méntioned in the preceding page,is faid to confift
of ath-grey fand, agglutinated together; and inter-
mixed with fine particles of native iron, and with
particles of yellowith brown ironochre. In fhost,
it feems to confift of filicebus fand and iron. Its
hardnefs is not very.great. " Its furface is covered
all over with a folid malleable coat of native iron,
like 'a -blackith glazing, about two lines thick,
which was fuppofed to be quite free from fulphur,
The whole exhibited evident marks of having been
£xpofed to fire.

The teftimony of the fall of this {tone is as fol-
Jows: A labourer at a brick-kiln, in winter, ‘when
the earth was covered with fhow, faw it fall down
out of 'the atmofphere immediately after a violent
clap of thunder. He inftantly ran to the {pot to take
itout of the fnow ; but, finding he could not effe@
it on account of its heat, he was obliged to wait
until it cooled. The diameter of this ftone was about
half a foot. It was covered all over with a hlack
Coat like iron.

“ It is related in the Hiftory of the Academy of
Sciences 1769, p. 20, that three mafles fell down
With thunder, in provinces very diftant from one
nother ; and which were fent to the Academy in
1769.  They were fent from Maine, Artois, and
C"“'f”:‘iff; and it is affirmed, that, when they fell, a

hifling
L)
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hiffing was heard ; and that they were found hot.
All three were like one ahother; all three were of
the fame colour, and nearly of the fame grain; and
{mall metallic and pyritical particles could be diftin=
guifhed in them'; and, extérnally, all three were co=
vered with.a hard ferruginous ‘coat; and, on che=
mical inveltigation, they were found o contain irof
and fulphur.”

.On the 13th of September 1768, about half an
hour after four in the afternoon, there was {een neaf
the caftle of Luce in Maine, a tempeftuous clouds
from which was heard an explofion of thunder, like
the firing of a cannon, but without the appearance
of lightning : there was then heard a remarkablé
whizzing noife in the air ; and fome perfons tra~
velling, on looking up, faw an opaque body de-
feending in acurved line, which fell in a green patch
of ground near the high road to Muws. They all
ran inftantly to the fpot, and found a kind of ftoné
one half of which was buried in the foil, ‘and which
was fo burning hot, that they could not poﬂibly
touch it.

¢ This ftone weighed feven pounds and a half?
was of a triangular, or rather of a pyramidal, for®
The part which was buried in the earth was of 3
grey-ath colour, and that which was expofed to the
air was extremely black, covered with a very thin
black cruft, fomewhat puffed up in places, 3P
which appeared to have been melted. The interiof

part of the ftone, when examined with'a ma"mf}”“g
gfss
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glats, appeared of a grey pale ath colour, fpoteed

With a prodigious number of minute brilliant metal-

aa

lic fpots, and of a pale yellow.. The interior part,
‘When ftricken with fteel, weuld not yield any fparks;
Sut the exterior coating did,

“ The fpecific gravity of the flone was 3,53s.
And the chemical analyfis of it, thewed. it to con-
%ain, in 100 parts, 8% of fulphur, 36 of irun, and
55 £ of vitrifiable carth.”

“ On the 16th of June 1794, a tremendous
Cloud was feenin Tufcany, near Siena, and Radaco-
fani ; coming from the north, about 7 o’clock P, M.
fmdmrr forth fparks like rockets, throwing out
{moke like a furnace, rendering violent explofions,
and blafts, mere like thofe of cannon, and of nume-
Tous xﬁufkcts, than like thunder; and cafting down
1o the ground hot ftones; whilft the lightning that
flued from the cloud was remarka bly red, and moved
With Jefs velocity than ufual,

The cloud appeared of different {hapes, to perfons
I different fituations, and remained fufpended a
long time ; but every where was. plainly feen to be
bUrmnc:r and {moking like a furnace; and its original
helc’h, from a variety of circumftances put together,

~€ms to have been muchabove the common region
of the clouds.

 The teftimony, concerning the falling of the
Rones from it, appears to be almoft unqueftiona-
ble; and is evidently from different perfons, who
4 no communication with each other.

% For,
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« Far, firlt, the falt of four ftones is precilely
afcertained; one of which was of an irregular figuré,
with a-point like that of a diamond, weighing §%
pounds, and had a vitiolic fmell.  And another
weighed 3% pounds, was black on the outfide, as if
from {moke; and, internally, feemed con poi'.cd
of matter of the colour of athes, in which were pef*
ceived fmall {pots of metals; of gold aad filver.

« And befides thele, Profeflor Seldani of Sien®
was fhewn about 1§ others, the furfaces of which
were glazed- black, like a fort of varnifh ; refifted
acids, and were too hard to be fcratched with t thé
point of 2 penknife.

« Signior A. Montauli, who faw the cloud as hé
was travelling, deferibed it as appeating much abo¥®
the common region of the clouds, and as beint
clearly difcerned to be on fire ; and becoming whit®
by degrees, not only where it had a communic®”
tion, by a fort of ftream of {moke and lighmiﬂg’
-with a neighbouring fimilar cloud, but alfo, at 13{}"
in two-third parts of its whole mafs, which was 0"
ginally black. And yet he took notice, that jc W43
not affected by the rays of the fun, though they fhoﬂ
full on its lower parts.  And he could difeern 25 i
were the bafon of a fiery furnace in the cloud; having
a whirling motion.

5 Thls curious cbferver gives an account alfo’

a ftone, which he was aflared fell from the cloud

1[1
the feet of a farmer, and was dug out of the gro*
into which it had penctrated; and he {ays; fhﬂ 2

WA

e
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Was about five inches long, and four Lroad, nearly
{quare, and polifhed ; black on the furface, as if
fmoked, but within like a fort of fand ftone, with
Various {mall particles of iron, and bright metallic
ftars.”

Other ftones are deferibed by him, which were
faid to have fallen at the fame time, were triang -
lar, and terminated ina fort of pyramidal or conical
figure; and others were fo fmall =s to weigh not
ore than one ounce.

In the year 1795, a ftone of remarkable larze fize
Was faid to m.w: fallen from heaven, near the Held
C?h‘:rge, Yor .kﬂwc. which ftone was afterwards
€xhibited in London. The account ‘of its fall is
a5 follows::

% Inthe afternoon of the 13th of December 1795,
figar the Wold Cot.ﬁée) noifes were heard in the air
by various perfons, like the report of a piftol, or of
8uns at a diftance at {ea, though there was neither
a0y thunder or lightning at the time; two diftin&
Concuffions of the earth were faid to be perceived,
8d.a hiffing noife was alfo affirmed 1o be
Other perfons, as ‘of fomething pafling through the
Ar ;5 and a lal bouring man plainly faw (as weare told)
that. fo; nething was {oipailing, and beheld a ftone,
% it leenied, ar aft, (about 1o yards diftanc from
the ground) defcending, and ftriking into the
Eround

s which-Hew up-all about-him ; .and, in fujl-
i

8 fparks of fire feemed to fly from it.
¢ Afterwards

!
2
It
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¢ Afterwards he went to the place, in company
with others, who had witneffed part of the phano- |
mena, and dug the {tone up from the place, wher®
it was buried about 21 inches deep,

* Tt {melt (as itis faid) very ftrongly of fulphur,
when it was dug up; and was even warm, an
fmoked. It was found to be 30 inches in length
and 28 % inches in breadth ; and it weighed 56
pounds.”

This ftone, as it was exhibited, appeared to hav®
a dark, black cruft, with feveral concave imprefﬁoﬂs
on the outfide, which muft have been made befor®
it was quite hardened ; joft like what is related con” |
cerning the crufts of thofe ftones that fell in Italf*

Its fubftance was not properly a granite (as 4%
feribed in the printed account that was diftributed)
but a fort of grit-flone, compofed (fomewhat like the
frones faid to have fallen in Italy) of fand and afh®
There were in it a great many pyritous particlé”
and fome fmall rufly fpecks, perhaps decompoft
pyrites. It did ot effervefce withacids, It fee™
that, this excepted, fuch kind of ftones have neve
been found in any part of England.

« Mr. Southey relates an account, juridically :.uf‘
thenticated, of a ftone weighing 10 pounds, whic
was heard to fall in Portugal, February 19, 1797
and was taken, ftill warm, from the ground*.”

o

: : . . Qoaind
# Letters written during a fhort refidence in Spa™

Partugal, page 239 From
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From the above and other fimilar accounts,
which might hereto be annexed *, the general fa&
of ftones having actually fallen from the fky, feems
to be eftablifhed beyond the poffibility of a doubt.
On account of the explofion, which generally attends
their fall, thofe ftones have often been called thunder-
Sones, or thunder-bolts; and it is vulgarlyand pretty ge-
nerally believed, that everyclapof thunder is attended
with the fall of a ftone. But a wide diftin&ion muft
be made between the above-mentioned phenomena
and the common thunder and Wzhtnineg, which are
the effects of electricity difcharged from the clouds ;
and which have nothing to do with the fall of fiones.
Yet it muft be obferved, that fometimes the two
fpecies of phenomena are combined, and take place
both at the fame time, as may be gathered from the
Preceding accounts ; and the prefent ffate of know-
ledge does not enable us to make a due diftinction
between them.  The laft account of the préceding
Chapter, deferibing the fall of ftones near Benares,
and the circumiftances which have attended fimilar
Phenomena, feem to indicate that every meteor,

—

* Befides the above quoted works of Mr. Eing 2nd Dr,
Chladni, the reader will find fimilar accounts in Falconet’s
Papers upon Boetilia, inferted in the Hiff. des Infeription; et
Belles Lettres 5 Zabn's Specula Phyfico-Mathematica Hifl-
riﬂﬂa; La Fifica Satterranea di Giacints Gernma; and Mr.,

Oward’s claborate and fatisfactory Paper in the Philo{ophi-
&l Tranfa&ions for the year 1802, i

uch




384 Of the Stony Bodies wwhich are jaid

fuch as have been defcribed in that chapter, is owing
to the formation, or ignition, of fomething folids
which moves with wonderful rapidity, moftly through
the regions of the atmofphere vaftly above the ufual
é]oudS, and which, befides the hifling noife that
moflly accompanies its courfe, generally burfts with
one or more explofions, and laftly falls down upon
the furface of the earth in a few or in a great many
pieces. ltfeems, however, thatthe fall of the fton€s
which fell in York(bire, was not attended with any
luminous appearance.

Whence do thofe meteors or folid bodies derive
their origin and their motion? is the great defiders”
tum; the important queltion, which the prefent ftat€
of knowledge does not enable us to aniwer, any mofe
than by the fugzeftion of hypothefes. A brief ftaté .
ment of thofe hypothefes will conclude this chaptefs
but previous to this, it will be neceffary to adduce
wlat may be called the ftrongeft evidence of fuch
ftones having really fallen from the fky, viz, tha®

. evidence which arifes from their chemical analy
and their general exterpal characters.

The mineralogical defeription of the ftones fro™

: ¢
Benares, the ftones from Yorkfhire, one of fhﬂ
a

ftones from Italy, and a ftone from Bohemia;
faid to have fallen from the fky, as given by Coul’lt
de Bournon, is inferted in Mr. Howard’s papsf v
the Philofophical Tranfaétions for 1802, from Whid_"
in addition to what has been already mentioned 1
the preceding accounts, it appears, that al

| chol®
ﬂoﬂﬁSI
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{tones, whatever their fize may be, are entirely co-
vered with a thin cruft of a deep black colour, un-
lefs they have been broken in their fall or otherwife;
for, in this cafe, the furface of the broken fide hasno
cruft. Their furface 1s quite deftitute of metallic
glofs, and is fprinkled with afperitics. When
breken, their internal texture is granulated, refem-
bling, more or lefs, 2 coarfe grit-fione. By the ufe
of a lens, their component particles feem to be of
four fpecies, the proportion of which feems to vary a
little in the different fpecimens. Tholfe ingredients
are, i, A great abundance of grey or brownifh
globules of different fizes, which may be eafily
broken in all directions 5 their fraGure is conchoid,
with a fimooth, fine, compadt, and fomewhat glofly
furface ; their hardnels is fuch as to afford a few
faint {parks when ftruck with fteel ; adly, A gra-
nulated martial pyrites, of a reddifh yellow colour,
but black when powdered. This fubftance, which
is irregularly diftributed through the mafs of the
ftone, is not attrattable by the magnet ; 3dly, Small
Particles of iron in a perfe metallic ftate, which
Tender the whole ftone attraétable by the magnet ;
4thly, A fubftance of an earthy confiftence, and
“‘hitiﬁrgrey colour, which feems to cement and
Unite the other three ingredients, and from which
all the others may be eafily feparated with the point
of 2 knife, or even with the nail.
“ The black cruft with which the furface of the
fone is coated, although it is of no; great thicknefs,
VOL..1v. AL emits
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emits bright fparks, when ftruck with fteel : it may
be broken by a ftroke with a hammer; and feems
to pofiefs the fame properties as the very attratable
black oxide of iron. This cruft is, however, like
the fubftance of the ftone, here and there mixed with
fmall particies of iron in the metallic ftate: they
may ealily be rendered vifible, by pafling a file over
the cruft, as they then become evident on account
of their metallic luftre.”

The fpecific gravities of thofe ftones are:

From Benares - - £ 23602,
From Yorkfhire - - - 3,508.
From Iwaly - - - - 3,418,
From Bohemia - - - 4,281.

Thofe which have a greater fpecific gravity, evi-
dently contain a greater quantity of iron.

The firft ftone of this fort, that was chemicallf
analyzed by the French Academicians, was found 0%
the 13th of September 1768, yet hot, by perfon®
who faw it fall, as has been faid in the precedi®®
pages. :

Another ftone of the fame nature, but little diffe”
ing in appearance, was analyzed by Mr. Bartholds
who found that 100 parts of the ftone contaif®
2 parts of fulphur, 20 of iron, 14 of magﬂdﬁa’

7. of alumine, 2 of lime, and 42 of filiceov*
earth,

Mr. Howard inftituted a very particular analy i }
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of the four diftin® bodies which form the ftones
from Benares, and afcertained the following parti-
culars : The external coat contains a good deal of
wron attfactable by the magnet, and fome nickel,
which form its principal components.  The fhining
or pyritous particles, irregularly diffeminated thro ugh
the ftone, being carefully feparated and analyzed,
were found ‘to contain 2 parts of fulphur, 10 of
iron, nearly 1 of nickel, and 2 of extrancous earthy
matter. 'The globular bodies contained 50 parts of
filica, 15 of magnefia, 34 of oxide of iron, and 2 2
of oxide of nickel. Laftly, the earthy matter, which
formed the cement or matrix for the other fub-
ftances, was found to contain 48 parts of filica,
18 of magnefia, 34 of oxide of iron, and 2 of oxide
of nickel.

The ftone from Siena, on being analyzed, was
found to contain 70 parts of filica, 34 of mag-
nefia, 52 of oxide of iron, and 3 of oxide of
nickel.

The ftone from Yorkihire was found to contain
75 parts of filica, 37 of magnefia, 48 of oxide of
iron, and 2 of oxide of nickel.

The ftone from Bohemia was found to contain 25
parts of filica, g} -of magnefia, 23 [ of oxide of
ron, and 1 2 of oxide of nickel,

The great fimilarity which the chemical analyfis,
and a careful examination of the mineralogical or
apparent formation of thofe ftones, thew to exiit
among fpecimens collefted at different times, and

e.c 2 brought
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brought' from various parts of the world fo very re-

mote from each other, undoubtedly is the ftrongeft

proofof their being different from common minerals;

and of their owing their origin to the fame general

caufe. The mineralogifts, who have examined them,

find them different from any cther fort of mineralogical

fubftance ever defcribed by the writers on thatfubje&.

Thofe facts alone feem to convey perfeét convittion

concerning the accidental defcent of thofe ftones

upon our globe; but a careful examination of all

the circumfltances, the fimilarity of the agcounts, as

given by various perfons of different nations, and
unknown to each other, who could not poflibly ac-

cord in a falfe account ; the nature of thofe ftones,
and the ancient accounts related by a variety of cre-
dible authors, or handed down. by tradition ; all
thofe circumftances, I fay, when duly confidered,
feem to eftablifh the general fact of the fall, &c.
beyond the poffibility of doubt. We fthall therefore
conclude this fubject with a concife ftatement of the
moft rational hypothefes that have been offered in
explanation of thofe phenomena.

Unwilling to force upon the reader any particular
hypothefis concerning meteors and the fall of ftones
I have confined the preceding chapter to the forme®
of thofe fubjes, and the prefent to the latter only 5
yet, by the laft account in the preceding chapte’s
and by various accounts in the prefent, the reader
muft naturally. remark the great connettion which

appears to exift between the two phenomen
8 Without
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Without attempting to decide definitively upon the
fubject, we may neverthelefs place the hypothetical
part of both phenomena under one poiat of view.
The vague opinions entertained by the ancients, of
the ftones coming from the fun or the moon, need
not be formally refuted.

It was Doctor Halley’s opinion, that a firatumor
train of inflammable vapour, gradually raifed from
the earth and accumulated in an elevated region,
fuddenly took fire at one end, and the fucceflive in-
flammation of the fratum, like the inflammation of
a train of gun-powder, produced the apparent mo-
tion as it were of a ball of fire which conftituted the
meteor *. But the leaft examination of the different
parts of this hypothefis, will readily manifeft its im-
perfections.

In a differtation on this fubje& by Profeffor Clap,
of Yale College, in New England, we find a fup-
pofition, that the bodies which form the meteors,
may be folid bodies revolving round the earth, as
the comets revolve round the fun, and now and
then fome of them coming fo near as to fall upon
it. This hypothefis feems, at firlt fight, to be at-
tended with apparent improbability ; yet a little
confideration may perhaps render it more intelligible
to the fpegulative philofopher, and more applicable
to the explanation of the phenomena.

——

¥ Philofophical Tranfaltions, N° 360,
ccC3 With

.
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With refpect to thefe phenomena I am inclined
to propofe the following explanation. Imagine
that a revolving body moves round the carth with
a velocity fomewhat like that of the moon, or of
the earth in its orbit; alfo fuppofe that the attrac-
tive force in proportion to the centrifugal, is rather
ftronger than that which is required to keep the
revolving body in the fame immutable orbit; and
that confequently the faid body muft move in a
fort of fpiral, coming continually nearer and nearer
to the earth. Now when this body comes within
a certain’ part, however rare, of the atmoiphere,
with its immenle velocity, the friGtion it fuffers
may poflibly heat it to the degree of incandefcence,
checking at the fame time its centrifugal force,
which confequently Increafes the gravitating or at-
tractive’ power, ‘The great heat, which the body
acquires in confequence of the friction, produces
two natural effects. In the firlt place, it partly
melts or vitrifies the external furfice, which forms
the common black cruft of the body (viz. the
black cruft of the ftones faid to have fallen from
the fky); and, fecondly, by expanding unequally
the parts of the body, caufes it to break with ex
plofion, in the fame manner as ftones often do in 3
common fire,

The greateft objettion to this hypothefis feems
to be, -that the revolution of fo many bodies quﬂd
the earth' as are neceflary to form all the meteors:

compriling
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comprifing. the numerous fhooting-ftars, feems ra-
ther unlikely.

The fuppofition that meteors are the effed of,
or nothing more than, a feparate quantity of
elefric matter, thbugh, at firft fight, may appear
to be warranted by certain eledrical phenomena,
is, on mature confideration, liable to very great ob-
jections.

I thall laftly fubjoin Mr. King’s hypothefis con-
cerning the fall of ftones at Siena in Italy.

This very learned gentleman eftablithes his {up-
pofition upon a careful examination of all the cir-
cumftances that feemed to be at all concerned
with that wonderful phenomenon. He remarks
that the fpace of ground within which the ftones
fell, was from three to four miles ; that the pheno-
menon took place the very day after the great crup-
tion of Vefuvius, which is not lefs dittant from Siena
than 200 miles, and that Vefuvius is fituated to the
fouth of the fpot; whereas the cloud came from the
Dotth, about 13 or at moft 18 hours after the erup-
tion, Mr. King then briefly ‘mentions his former
obfervations on the formation of ftones and rocks,
€ither by the means. of fire or of water; after which
he fays, < It is alfo well known, that a mixture of
“ pyrites of almoft any kind, beaten fiall, and
‘‘mixed with iron filings and water, when buried
" in the ground, will take fire, and produce a fort

of artificial volcano ; and furely then, wherever a
* vaft quantity of fuch kind of matter fhould at

CC4 ¢ any
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any time become mixed together, as fiying duft
or athes; and be by any means condenfed toge-
ther, or comprefied, the fime effe& might be
produced, even in the atmofphere and air.
“ Inftead, therefore, of having recourfe to the
fuppofition of the cloud in Tufcany having been
produced by any other kind of exhalations fron
the earth, we may venture to believe, that an im-
menfe cloud of afhes, mixed with pyritical dufts
and with numerous particles of iron, having been
projected from Vefuvius to a2 moft prodigious
height, became afterwards condenfed in its de-
fcent, took fire, both of itfelf as well as by means
of the ¢letiric Aluid it contained, produced many
explofions, melted the pyritical, metallic, and ar-
gillaceous particles, of which the afhes were com-
pofed ; and by this means had a fudden cryfalli-
zation and confolidation of thofe particles taken
place which formed the itones of various fizes
that fell to the ground; dur did not barden the
layzy afbes fo rapidly as the metallic particles cryffal
lized; and therefore gave an opportunity for -
preffions to be made on the furfaces of fome of the
ftones as they £ell, by means of the impinging of
the others*.”

arks concerning Stones f2id to haye fallen; <&




[ 393 ]

SECTION III

OF MEASURES AND WEIGHTS.

CHAPTER I

OF THE STANDARD MEASURE,

HE fluttuating nature of the bulks of all fores
of bodies, fuch as are within our grafp, the
general expanfion and contraction which arife from
heat and cold, the fhrinking and warping which
are the effects of the evaporation and abforption of
fluids, and the lofs of matter from the furfaces of
moft bodies, arifing from fricion, or abrafion, ren-
ferir extremely difficult to form a certain invariable
lengrh or ftandard meafure, of any fort whatever,
with which other extenfions may, in future, be
Compared.
It is true that feveral ftandard meafures of glafs,
of brafs, of iron, or of other metal, that are now
I»Kurwa in diverfe public and private repofitories
for the regulation of meafures and weights in civil
tconomy, when duly examined, are found tq agree

{o
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fo well with each other, as that the error or difer-
ence feldom amounts to the thoufandth pare of the
whole; and fuch difference would indeed be too
trifling to deferve notice, were it not for the accumu-
lation of the error which takes place when that mea-
fure comes to be repeated a great number of times.
Thus, if T meafure a certain extenfion with a foot

. ruler, which ruler is one thoufandth part of a foot
deficient, or lefs than the real ftandard, it is evi-
dent that when I have meafured 1ooo feet with fuch
ruler, my meafurement is one foot lefs than the truth-
Now fuch error would be of very great confequence
in a variety of cafes ¥,

On the above-mentioned accounts, and becaule
it is not eafy to fend an accurate ftandard meafure
from place to place, wherever it may be wanted, of
to prevent its being loft or broken by accidents in
procefs of time, various plans have been propofed
for forming a ftandard meafure at any time ; or, I8
other words, plans have been propofed for inftructing
a perfon how to form, or to determine, the meafure
of a foot, or of a yard, or of any other given deno~
mination by means of words only, viz. without
altually fhewing him that meafure.

Of the different plans which have been propofﬂd
for this purpofe, two are undoubtedly the beft, and

thofe I fhall endeavour briefly to explain.
p _____',.-"

* See Ggneral Roy’s Paper on the Meafurement of -
Bafe Line on Hounflow Heath, Philofophical Tranfactiolt®s

Vol LXXV.

1fty
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1ft, The length of the pendulum which vibrates
feconds, has long been ufed for a ftandard' of mea-
fure; for if you faften a leaden ball, or any other
weight to a flexiblé thread, and, having fufpended
the upper part of the thread to a nail, you caufe it
to vibrate; and, by obferving with a clock or watch,
you count the vibrations, and lengthen or fhorten
the thread, until that pendulum performs 6o vibra-
tions in one minute, or 3600 vibrations in one hour ;
then the length of that pendulum, in the latitude of
London, will be litde more than 39,1 Englith
inches. In any other latitude the length of the
pendulum that vibrates {econds, mult be longer or
thorter than 39,1 inches, according as the place is
nearer to one of the poles, or nearer to the equator
of the earth; but the quantity by which the pendu-
lum muft be fhortened or lengthened, in order that
it may vibrate feconds in any given latitude, may
be eafily calculated * ; hence that pendulum or a
Pendulum that vibrates any other afcertained number
of times in a2 minute, may be ufed as a ftandard of
Meafure in any known latitude. But the inaccuracy
to which this method is liable, arifes principally
from the difficulty of meafuring the precife diftance
Between the real point of fufpenfion, and the centre
of ofcillation of the pendulum,

In order to obviate in great meafure the errors
' which the above-mentioned method is liable, the

* See a table of tholc lengths on the other fide of this leaf.
v late




Of the Standard Meafure.

late ingenious Mr. W hitehurft contrived a maching,

or piece of clock-work, having a pendulum with 2

moveable centre of fufpenfion, whence it might

" be lengthened or thortened at pleafure, and which
of courfe might be adjufted fo as to vibrate any

number of times in a given interval of time. He

then propofed to ufe as a ftandard of meafure, not

the length of the whole pendulum, but the differ-

ence of the lengths of the fame pendulum, when i

ptrf'ori‘nt'd

* A Table, thewing how much a pendulum which vibrate®
{feconds at the equator, would gain every 24 hours in dif
ferent latirudes, and how much the pendulum need to be

icngtheurd in thofe latitudes in order to vibrate feconds.

5 Lcng'.hcninfg in
ime gained i decimals of ar
Di?:ifdif oneg -;?A)g’, t]’:i‘lf:; in:l‘:jai:c?f{!r; :
conds, to vibrate fes Y
conds.
5° 1,7 0,0016
10 6,9 0,0062
15 15,3 0,0138
B0 26,7 08,0246
2 40,8 0,0369
30 5751 0,0516
35 7551 0,0b79
49 94,3 0,0853
45 11451 0,1033
50 134. 0,1212
55 1532 0,1386
6o 171,2 0,1549
63 187,5 0,1696
70 201,6 0,1824
75 213. 0,1927
0 221.4 02033
85 226,5 0,2050
9o 228,3 0,2005

.
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performed a certain number of vibratiens in one
hour, and when it performed another certain number
of yibrations likewift in one hour; by which means
the above-mentioned fources of error would in great
meafure be obviated .

After the death of Mr. Whitehurft, Sir George
Shuckburgh Evelyn refumed the fubject, and, be-
ing poffefied of the very fame machine which Mr.
Whitchurft had conftructed, he made all the expe-
timents which that machine was capable of per-
forming; and at laft he came to the following
conclufion, which we have already tranfcribed in
the fecond volume of this work. ¢ It appears,”
be fays, « thac the difference of the length of twa
pendulums, fuch as Mr. Whitehurlt ufed, vi-
brating 42 and 84 times in a minute of mean
time in the laticude of London, at 113 feet above
the level of the fea, in the temperature of 60°,
and the barometer at 3o inches, is equal to
59,89358 inches of the parliamentary ftandard ;

LIS

from whence all the meafures of fuperficies and
* capacity are deduciblet.”

2dly. The other method, which was lately prac-
tifed by the French Academicians, for determining
N ipvariable ftandard meafure, is to ufe a certain

——

* See Mr. Whitchurft's Attempt to sbtain Meafures of
[“"ft’jfi}‘ &e, frem the Menfuration of Timey or ife true
cngth of Pendulums. London, 1787.
t Philofophical Tranfadions for 1798, page 174,
' portion
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portion of the whole circumference of the earth
For this purpofe the extent of feveral degrees of
the meridian, are aftually meafured with any given
ruler, from which meafurement it is eafy to calcuw
late the extent of the whole meridian; thatis, ©
the whole circumference of the earth; then a cer-
tain portion of that circumference is to be ufed as 2
ftandard meafure; -for inftance, if that circumferenc®
fhould be found equal to one million times the
above-mentioned ruler, then the millionth part of
that circumference, or that identical ruler, mayf
be the ftandard meafure. Should a nation, or @
perfon in any other country, and at any diftance of
time, with to form a flandard meafure equal ¥
the above, they muft acually meafure fome d¢
grees of the meridian with any ruler at pleafure ?
whence they may calculate the number of fuch,
rulers that are equal to the whole circumference of
the earth ; laftly, taking the thoufandth part of that
extent, they will have the ftandard meafure as ab

Now, the I'rench Academicians have taken
forty millionth part of the whole circumference of
the earth for their ftandard meafure, they hav
formed rulers, or fcales, exaétly equal to that pett
which they call metre, and which, by a careful C‘_’m'
parifon, with accurate fcales of Englifh inches; fect
&c. at the temperature of 62°, has been found equ)

to 39,371 Englifh inches .

ove
the

4____.——4—/

reat Brgmlﬂr

¢ Journals of the Royal Inftitution of G

b = o g 4 e : Q
e 9, Or, La Biblistheque Britannique, N° 140 In

iy e 54 Al
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In fhort, the inch of ftandard Englith meafure,
12 of which form a foot, &c. and with which all
other meafures are compared, is an extenfion which,
if it be multiplied by §9,89358, the product is
¢qual to the difference of the lengths of two
pendulums, one of which vibrates 42, and the
other 84 times in a minute of mean time, at the
temperature of 60°, and, in the latitude of London,
113 feet above the level of the fea*. Or the above-
mentioned Englifh inch is an extenfion, which, if
multiplied by 39,271, the produtt is equal to a
French metre, 40 millions of which (at the tem-
perature of 62° Fahrenheit’s thermometer) are
€qual to the whole meridian or circumference of”
the earth.

% « Such are the inches that are marked on Mr. Bird’s
Scale of Length, now preferved in the Houfe of Commons;
Which is the fame, or agrees within an infenfible quantity,
With the ancient ftandards of the realm.” Philofophical
Tranfaions for 1798, page 173.
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CHAP'IL

OF BRITISH MEASURES AND WEIGHTA:

Lineal Englifo Meafures, or Meafures of Length.

AVING fhewn in the preceding chapter how
to determine the length of an Englithinch, of
rumber of inches, we fhall now proceed to ftate thé
meafures of other denominations that are ufed in thi8
ifland, by fhewing the number of inches to which
they are equal ; thus, from the following table, it
appears that 12 inches make a foot; that 36
inches, or 3 feet, make a yard ; that 198 inches ar®
equal to 162 feet, or to 5% yards, or to one rod?
that 7926 inches are equal to 660 feet, or to 229
or to 40 poles (otherwife called rods) or to one
furlong, &c.

Inches. Feet. Yards, Pole,or Furlong. Mile:
Rod.
12 X
36 3 1
168 16,5 58 I
7920 . 660 220 40 I
63360 5280 1760 320 8 3

One
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One degree of a great circle of the earth is com-
monly reckoned equal to 691 miles, or to 365640
feet.

A fathom is equal to fix feét, and is generally ufed
in meafuring depths.

For meafuring of cloth the following meafures
are ufed.

Inches. Nails. Quarters, Yards, EIL

21 1
9 il ;
36 16 4 I
45 20 5 1i I

The following are ufed for meafuring long exten-
fions of land.

Inches, Linksof Feet, Yards. Poles, Chains. Mile.
a Chain. or Rods,

7292 I
792 100 66 22 4 X
63360 8ooo 5280 1760 320 8o K
The beights of horfes are generally meafured by
bands. A hand is equal to 4 inches.

Square Englifb Meafures,

Sqre. Inches. §$q.Feet. 8q.Yrds. Sq.Pol. Sqre. Sq. Sq.
Roods, Acre.Mile

144 1
1266 g I
30204 272,25 3925 1
X568160 10890 I2I0 40 I

6272640 43560 4840 160 4 X

014489600 27878400 3097600 102400 2560 640 f

YOL, IV, DD Lineal
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Lineal Scotch Meafures.

Inches.  Feet.  Ells. Falls. Furlongs, Miles.

12 X
3752 3l
2232 18,6 6 14
8928 744 240 40 I
71424 5952 1920 320 8 I
Inches. Linksof Feet. Ells. Falls,or Chains. L.Rood. M-
aChain. Short
8,928 T Roods.
892,8 100 744 24 4 X
Irx 36 6 5. %
8o RL TN

Square Scoteh Meafures.

Sq.Inches. Sq. Fect. Sq. Ells. Sq.Falls,or Sq. Sq. 54
Sq. Roods, 'R. A. M

144 X
0,01 I
34596 36 1
138384 1440 40
553526 5760 6o 4 I

640 1

Correfpondence between Englifh and Scotch Meafurées

24,8 Englith yards are equal to one Scotch chaine

One Englith mile is equal to 71 Scotch chains.

6150 Square Englih yards are equal to a Scoteh
acre, -

one
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One Englith acre is equal to 0,787 (or to little
more than ) of a Scotch acre,

One Scotch acre is equal to 1,27 (or to little more
than 1 ) Englith acre.

Of Englifb Weights.

The ftandard of lineal meafures being once afcer-

tained, a ftandard weight is thereby eafily deter-
mined ; for if you take a body of 2 uniform {fubftance,
and of any given dimenfions, the weight of that
body will ferve for the ftandard weight.  Thus it hag

een determined, that a cubic inch of pure diftilled
water, when the barometer is at 29,74 inches, and
the thermomerer at 66°, weighs 252,422 parlia-
mentary grains, 5760 of which make one pound
troy *.

There are three forts of weights principally ufed
in Great Britain ; namely, Troy weights ; Avlrdy-
pois, or Avoirdupoize, weight; and Apothecarics
weight ; but the Troy pound, confilting of 5760
grains, as mentioned above, is confidered as the beft
integer to adopt as the ftandard of weight.

— e

* Viz, According to the {tandard weights made by Mr.
Harris, Aflay Mafter of the Mint, under the orders of the
58, which are kept in

e
ic

Houfe of Commons in. ¢!

the fame cuftody with My, Bird ale of Length, and ap-
Pear to have been made with great care, as a mean refult
from 4 great number of compatifons of the old weights
5 s 3 o I TN

i the Exchequer, Philofophical Tranbltions for 1798,

- P

Page 3~ 2
DD 2 Troy
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Troy Weights,

24 grains make one penny weight.
20 penny weight make one onnce.
12 ounces make one pound.

Aveirdupois W eights.

-~

16 drams make oune ounce.
16 ounces make one poand.
14 pounds make onme fone.
28 pounds make a guarier of a bundred weight.
£ ]
4 quarters of a hundred (or 112 pounds) make
one bundred weipht.

(%]
€

hundreds weight (or 2240 pounds) make
one ton.

Apathecaries Weights.

20 grains. make ope frruple.
3 feruples make one dram.
8 drams make one ounce.
12 ounces make owe pound.

Correfpondence betwween Troy and Avoirdupois Weights-

41 ounces Troy are equal to 45 ounces Avol”
dupois, or

v ounce Troy is equal o0 1,09707 ouURCe
Avoirdupois, ot

i ounce Avoirdupois is equal to 0,9”55
ounce Troy.

i pOUﬂd
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1 pound Troy is equal to 0,82274 of a pound
Avoirdupois.

1 pound Avoirdupois is equal to 1,2154¢ pound
Troy, or to 1 pound 11 penny weights and
20 grains Troy*.

The Troy weights are ufed for weighing gold,
filver, coftly liquors, and a few other articles,

The Avoirdupois weights are ufed in commerce
for weighing all kinds of grocery, fruit, tobacco,
butter, cheefe, iron, brafs, lead, tin, foap, tallow,
pitch, rofin, falt, wax, &c.

The apothecaries and chemifts compound and
fell their medicines by the above-mentioned apothe-
caries weights ; but they buy their articles by the
Avoirdupois weights,

There are a few weights of other denominations
ufed in commerce, or in particular parts of England,
for weighing wool and a few other articles; but for
thofe we muft refer the reader to the works on
commerce.

Trone or old Scotch Weight.

20 ounces make one pound.

16 pounds make owe fons.
Hay, wool, Scotch lint, hemp, butter, cheefe,

==

* This correfpondence is taken from the experiments
Made in the year 1744, by Martin Folkes, Efquire, Prefi-
dent, and feveral other gentlemen, members of the Royal

Sogie:}'.
DD 3 tallow,
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tallow, &c. are always fold in Scotland by Trone
weight.

Englifb Dry Meafures ef Capacity.

Pints. Quarts. Pottles. Gallons, Pecks. Bufhels. Quarts. Way, or Lafi

Laad.

2 I

4 2 1

3 4 - R |

10 8 BT

64 32 16 . 8 4 1

§12. 256 128 64 32 8 I
2560 1280 640 320 160 40 5 I

5120 2560 1280 640 320 80 1@ 2 %

‘The capacity of a Winchefter bufhel is equal to-
2150,42 cubic inches,

A ftriked buthel is to 2 heaped bufhel as 3 to 4,
viz. a heaped bufhel is one-third more thana ftriked
bufhel.

The capacity of a peck is equal to 537,6 cubic
inches.

The avoirdupois weight of a bufhel of wheat, at
a mean, is 60 pounds : ditto of barley is o0 poundss
ditto of oats is 38 pounds.

- The weight of a pint (or % part of a peck) dr¥
meafluge, in avoirdupois ounces, at a mean of wheals
is 15 ounces ; of barley is 121 ounces; of oats is
g ; ounces.

s . 3 = S = 12
Sixty folid, or cubic, feet of Newcaltle coal makeé
one London ¢haldron. A cubic foot of ditto %7

nerally
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nerally weighs 50 pounds avoirdupois. An heaped
bufhel thereof generally weighs 83 pounds avoir-,
dupois, and 36 bufhels (or one chaldron) weigh
26,67 hundred weight ; that is, 2988 pounds avoir-
dupois.

In Scotland, a lippie, or a feed for a horfe, is
equal to 200,344 cubic inches.

:Eﬁg.?i b Liguid Meafures,

The following table fhews what number of mea-
fures of one denomination make up one of another
denomination, as alfo the number of cubic inches to
which each meafure is equal. Thus, for inftance, it
thews that the capacity of one barrel is equal to 34
gallons, or to 136 quarts, or to 272 pints, or to
9588 cubic inches, according to the country mea-
fure ; alfo it thews that 35 £ cubic inches are equal
to a pint, 2 pints are equal to a quart, 4 quarts are
equal to a gallon, &c. The like explanation muft
be applied likewife to the table of wine meafures,
as alfo to that of the Scotch liquid meafures. Beer
meafure for London is 36 gallons to the barrel.
Ale meafure for ditto is 32 gallons to the barrel.
Beer and Ale meafure for the country is 34 gallons
(viz. a mean between the two former) to the
barrel,

DD 4 Beey
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Beer and Ale Meafures.
Cubic Inches-| Plata:{Qrts, {Gallons./Barrls Hids
Beer - - = -| 15228 |432/216
Ale - - - -] 13536 [384l192
Country Meafure| 14382 [408|204
Beer - - - -| 10142 |288{144
Ale - - - -] go24 [256[128
Country Meafure | 9588 [272(136
Beer = a. = T ‘-
Ale - - - & % 282 | 8 | 4
Country Meafure| . l
Beer - - - - ot T
Ale: = . - --}70.} » A o
Country Meafure ’

Beer -
Ale
Country Meafure

Hine Meafures.

Cubic Inches. Pines. | Quarts. | Gallons. | Barrels,
14553 504 | 252 | 65 | 2
7276,5 262 126 313 1
231 8 4 : 7
§7575 2 ﬂ_I/
28,87¢] 1 \/,

231 cubic inches make one gallon wine meafure bBY
act of parliament gth of Q. Anne; but the ftandard
gallon, at Guildhall, contains only 224 cublC
inches.

h_:gﬁffﬁ
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Scoteh Liguid Meafures.

Cabic Inches. | Gills. | Mutchicing | Chopint:| Pints. Qrks. 1Galon: | Hogiha.
13235,7 |2048| 512 | 2456 |128 64| 16 | 1
827,23 | 128 32 16 | 84| 1
206,8 | 32 |8 4 |27
103,404{ 16 | 4 2 I
51,7 8 | 2 1
25,85 | 4 I
6,462 1

The firling Fug, containing one’Scotch pint, is
the original ftandard of all liquid and dry meafures,
and of all weights in Scotland. It contains 103,404
cubic inches, When accurately filled with the water
of Leith, the water weighs 3 pounds and 7 ounces
of Scots Troy (equal to 55 ounces, or to 26180
Englith Troy grains) ; fo that one ounce weighs
476 Englith Troy grains.

By the att of Union, the barrel for Englith
country meafure of 34 gallons, the capacity of
which ‘is 9588 cubic inches, is reckoned equal

to 12 Scots gallons, making g9926,7 cubic
inches.
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CHAZP I
OF FRENCH MEASURES AND WEIGHTS,

REVIOUS to the late French revolution, the

principal lineal meafures of that nation were
lines, inches, feet, and -#oifes; 12 lines are equal to
one inch ; 12 inches make one foot; and 6 feet
make one toife.

One Englith foot is equal to 0,9383 of 2 French
foot.

One French foot is equal to 1,060575 Englifh
foot.

One' French toife is equal to 6,3945 Englifh
feer.

The Paris arpent confifts of 100 fquare perchess
each is 18 Paris feet lineal meafure, viz. 324 fquaré
feet, which, multiplied by 100, gives 32400 Iquar®
Paris fect (or 36720 fquare Englifh feet) for the
arpent ; that is, in round numbers, about 3 of the
Englifh acre. But according to the mefure royales
perche has 22 feet of lineal meafure, and confe-
quently is 484 fquare feet, which, multiplied BY
100, gives 48400 fquare Paris feet (or 54353,36
Englith fect) to the arpent.  This arpent is above
1 £ Englith acre. ‘But the former arpent of 3249°

feet was the meafure ufed about Paris.
L ¥

The
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The cubic Paris foot or inch is ‘to the cubic
Englith foor or inch, nearly as 1,21 to 1; {o that
one cubic Paris foot, or ‘inch, is about 13 Englith
cubic foot or inch: hence 5 Paris cubic feet make
6 Englith cubic feet. 16 /itrons make a doiffean ; 3
boiffeaux make one minot 5 2 minots make one mine;
2 mines make one fepiier ; and 12 feptiers make one
miid. ‘
The Paris feptier for wheat contains 6912 Paris
cubic inches, which are equal to 8363 Englith
cubic inches, or 4 Englith bufhels nearly. The
Paris feptier for oats is double the, one for wheat.

The French Poids de Mare.

72 grains make one grofs, 8 grofes make one
punce, and 16 ounces make one pound. One French
grain is very nearly equal to 0,8203 of an Englith
troy gram. One ounce poids de marc, which con-
tains 576 French grains, is equal to 472,49 Englifh

troy grains,

Since the French revolution, all the meafures and
weights of that nation are deduced from the metre,
which we have already faid to be equal to the 40
millionth- part of the whole circumference of the
€arth, ‘and to be equal to 39,371 Englith inches;
the Englifh fcale being at 62° of temperature, and

the French metre at 52°.

Meefures




412 Of French Meafures and Weights.

Mesfures of Length, or Lineal Meafures.

Thefe new FErench mealures, as well as the
weights, proceed in a decimal order ; for inftance,
the millimetre is the 1oth part of the centimetres;
the latter is the 1oth part of the decimetre, the de-
cimetre is the 1oth part of the metre, and fo on.
The numbers which are annexed to the following
names of the French meafures, exprefs the number
of Englith inches or Troy grains to which they
are equivalent,

Millimetre - - - - ©,039371Eng.in’
Centimetre - - = - 0,39371
Decimetre - - - - 3,9371

Metre - - = - 39:371

Decametre - - - 303,71
Hecatometre - - 39371

,_Chﬂiomctre P 3930 1,

Mpyriometre - 393710-

Englifh Miles. Furl. Yds. Feet. Inches.

A decametre isequalto © © 1003 i

A hecatometre - - - O O 109 I I
A chiliometre - - - 0 4 213 1 10,2
A myriometre- - - - 6 1 156 o 6

Eight chiliometres are ncarly equal to five miles.
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Meafures of Capacily.

Millilitre - - - o,06103 Englith cubic inches,
Centilitre - -. - 0,61028

Decilitre - - - 6,1028

Litre - - - - 61,028

Decalitre - - 610,28

Hecatolitre - 6102,8

Chiliolitre - 6102,8
Myriolitre - 610280

A litre is nearly equal to 2 ; Englifh wine pints.
14 decilitres are nearly equal to three Englith
Wine pints.
A chiliolitre i1s equal to one tun, and 12,75
Englith wine gallons
Weights.
Q

Milligramme -, - - ‘o,0154 Englifh troy prains.
Centzgrammﬁ - - 0,1344

Decigramme - - - 71,5424

Gramme* - - - 15,4440

Decagramme - -  154,4402

Hecatogramme  1514,4023
Chiliogramme  15444,0234
Myriogramme 1354440,2344

A decametre is equal to 6 penny weights and

i
10,44 grains Englith troy weights, or to 5,65 avoir-
] -
Cupois drams.

——

* A gramme is the weight of a cubic centimetre of pure
Water at its maximum of denfity.

An
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An hecatogramme is equal to 3 ounces and &%
drams avoirdupois.

A chiliogramme is equal to 2 pounds, 3 ounces
and § drams avoirdupois.

A myriogramme is equal to 22 pounds f,15
ounces avoirdupois.

100 myriogrammes are equal to 1 ton, wanting
32,8 pounds.

Agrarian Meafures.

A fquare decametre is equal to 3,95 perches.
An becatare, equal to 2 acres, I rood, and 354

perches,
For Fire-wvood.

A deciftere, equal to % ftere, equal to 3,5 317
Englifh cubic feet.

A fiere, equal to one cubic metre, equal to 38,317
Englifh cubic feet.




C'HA'P, IV,

OF THE MEASURES AND WEIGHTS OF VARIOWS
NATIONS,

HAVE endeavoured in the preceding chapters
to give an accurate ftatement of the meafures
and weights of Great Britain, and of the French
nation, becaule thefe have been determined with all
the accuracy which the prefent ftate of knowledge
relative to philofophy and mechanics could fugoeft,
It 1s much to be defired, that other nations would
follow their cxanfp'ic, aad either eftablith or make
known their invariable ftandard, or adopt the mea-
{ures of one of the above-mentioned nations. The
weights and meafures lately eftablithed by the
French, are undoubtedly the moft rational in theory, -
the leaft perplexing in practice, and the moft eafily
remembered; yet it muft be acknowledged that
great innovations of this fort, though evidently for
the better, are not relithed by moft nations. - In
this cafe they might at Jeaft determine with accuracy
the ftandard of their ancient meafures and weights,
and make it known to the world for the advantage
of philofophy and commerce.
In
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In colle&ing the ftandards of meafures and
weights of the principal nations of Europe, I have
met with a much greater difficulty than I at firlt
expedted. The unfetded ftace of thofe meafures in
certain countries, the variety of meafures ufed in
the {ame country, the difficulty of obtaining direét
and authentic information, and the difagreement
between authors who deferibe the meafures ahd the
weights of the very fame nation, have prevented the
making of as complete a ftatement of the general
meafures and weights of different nations as might
have been wifhed. I have therefore ftated thofe
particulars only which, from the concurrence of the
moft creditable authors, feem to be beft afcertained.
In this ftatement the reader will find the value of
the different meafures, &c. expreffed in Englifh
meafures and weights,

Sir George Shuckburgh Evelin, having examined
various ancient rules, and having meafured feveral
ancient buildings, fays,  The mean refult of thefe
« experiments, gave me for the length of the ad-
« cient Roman foot - - 1 11,617 Englifh inches

-

¢ Ditto; as before from the

« pules - - - - ‘L1606 ditto.
« The mean of the two
« modes of determination 11,612  ditto,

« T may add, that in the Capitol is a ftone, of 1

very ancient date however, let into the wall, o

W hic
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® which is engraven the length of feveral meafures,
“ from whence I took the following :

“ The ancient Roman foot=11,635 Englifh inches
“ ThemodernRomanpalm™ 8,82  ditto
“ The ancient Greek foot =12,09  ditto®

Eng. feet.
The ancient Roman mile (by Plinius) = 4840,¢
The ancient Roman mile (by Strabo) - 4903
The fadinm of the ancient Romans '~ 606

The fladium of the Egvptians -« - - 730,8
The /i of the Chipefe- - - - - - 606
Eng, inches.
The grchine of Ruffia. - - - - = 48,3¢
The Rynland foot of Denmark - - - = 12,36
The Swedith foor ~ - - - - ~ - 11692
The Vienna foof in Auftria - «~ - - 12,44
The Amfterdam foor - - - - - _ 1 1,17
The Amfterdam e/ - - - - . - . 26,8
of Madrid - - - - 39,16
The Spanith wra{ of Seville -~ =« - - 33,12
of Caftille - - - - 32,952
The Turin foot - = -~ = = "= - 20,7
The Turin #rabucco - - = - = - =~ 121,02
The Turin 7as = .~ & = = = = = 235

e,

* Philofophical Tranfattions for 1798, page 16g.
YOL, 1V, EE The
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Eng. inches.

The Genoa pals - - e s { 9,6
9,8

The Genoa canng ~ - - - = - = 87,6

The Venice foof .- - - - - - - = 14

¢ for meafuring filk -~ 25,3

The Venice &raccio
_ ifor meafuring cloth - 27

The Florence émm’u{ T g . 22"’8
= « = - &« - 320F
The braccio of Romc{{or g o M Y
for merchants - =~ 34,27
The Roman cama - = = = = = - 78
The Naples palm - - = = = = = 10,3¥
The Naples canra - - - - - - - 82,9
The braccio of Milan = - - = - =« 20,7
The Bologna foer - - - - - = - 15
The braciio of Parma and Piacenza - - 26,9
'Fhe braccio of Lucca - - - = = 23,8
The braccio of Brefcia and Mantua - - 2451
The royal foor of China. - - - - - - 12,6

"The Swedifh foot is divided into 12 inches, The
Swedifh. kanne (which eontains 8 guadrantes, each
of which contains 12% Swedifh cubic inches) 1
equal to 107,892 Englifh cubic inches. But 2%
Englith gallon, wine meafure, is equal to-231 cubi¢
inches; therefore the Swedifh kanne is to the Engf“h
galion as 107,892 to 231 ; viz, equal to lictle lef3
than half a gallon.

9 '-'ﬂ‘z?
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The Amfterdam Weights,

29 1 graing - Y 1 drop

16 drops 7 I ounce
mase

16 ounces : I pound

16 pounds 1 ftone

One Englith pound troy; is equal to 0,757 of a
pound of Amfterdam weight.

L]
b
v




SECTION 1V,

ADDITION AL ARTICLES,

Vor. 1. page 159, After line the gth of the not®
by way of illuftration add.

J'
viz. 5" = annd; and (fubftituting for 4 its valu®
d e Tl __ddan
F= —— pnd =
Lwmmpint 2-—nn 21l

ing the fquare root, we have the femi-conjugs®

. Thenby extract:

nd

5'_‘-—-—‘—‘-‘.,

2PN\

Vor. ITI. After the fecond line of the noté in
page 54, add. Though the freezing point o{auicl“"
filver be'—39°; yet that metal requires 2 term-
perature of —45°% in order to affume its erfLwY

folid ftate. _Philofophical Tranfactions for 31301
page 133.

Vor. JII. Note to the paragraph in the midd!e
of pa 3
g M.
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Mr. Bouguer, after many trials, concluded, that
the Tight of the fun is about 300000 times greater
than that 'of the moon.

Dr. Smith - (Optics, Vol. I. Art. g5.) thought
that he had proved, from two different confidera-
tions, that the light of the full-moon is to our day-
light, as one to about gogoo, if none of the rays
incident from the fun upon the furface of the moon
were loft by the irregularities of the latter.

Vour. IIL. page 115. The experiment, which
s defcribed in that page, may be performed with a
fingle reflector ; for if the thermometer be placed
In one of the conjugate: foci, and the burning char-
Coal, or the ice, be placed in the other of thofe foci,
the fame effet will take place, but not fo effectually,
hor at fo great a diftance as when two reflectors are
ufed.

A remarkable difference is to be obferved be-
tween the radiant heat from the fun, and that from
4 common fire; viz. the former will pafs through
Water, glafs, &c. and will hardly heat them; but the
Tadiant heat of a fire, heats thofe fubftances, and is
Amoft entirely ftopped by them,

Vor. III. page 328. To be added after the

fourth Tine.
. Dr. Hulme, ina fecond paper on the {pontaneous
light -of fifh, &c. (Philofophical Tranfactions for
801, Art. XXI.) relates feveral new experiments
EE 3 and
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and obfervations, the principal refults of which are
contained in the following paragraphs.

¢« Thefe experiments prove, that objefts which
abound with {pontaneous light in 2 latent ftate, fuch
as herring, mackerel, and the like, do not emit it
when deprived of life, except from fuch parts as
have been fome time in contact with the air.

“ They likewife fhew, that the blaft of a pair of
bellows does not increafe this fpecies of light, as if
does that which proceeds from combuftion.

¢ It appears that oxygen gas does not act upod
this kind of light, {0 as to render it much more vivid
than it is in atmofpherical air, which'is quite con=
trary to what fome authors have alledged.

« It is a remarkable circumftance, that azoti®
gas, which is incapable of fupporting light from
combuftion, fhould be o favourable to the {pontan€”
ous light which is emitted from filhes, as to preﬁ?f”c
its exiftence and brilliancy for fome time when 4~
plied upon a cork ; yet that ic fhould prevent the ﬂdb
of the herring and the mackerel from becoming Ju-
minous, and alfo extinguifh the light pmccedi"g
from rotten wood.

« It appears that hydrogen gas, in general; Sk
vents the. emiffion of fpontaneous light, and 'f‘l ’
extinguithes it when emitted ; but at the fame %% s
it does not hinder its quick revival when the fub)e®
of the experiment is again expofed to ‘the adtion
the atmofpherical air, although the light may tia¥™

been a confiderable fime in an extinguifhed ftat -
g Carbom
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¢ Carbonic acid gas, or fixed air, has alfo' an
extinguifhing property with refpeé‘t' to fpontaneous
light; but, in general, the light returns, if the ob-
jeét of experiment be taken out and expofed to the
open air.

“ It appears that fulphurated hydrogen gas ex-
tinguifhes fpontaneous light much fooner than car-
bonic acid gas, and that, in general, the lighe returns
much mere flowly when the fubjet is expofed to
atmofpheric air. :

« Nitrous gas, we obferved to have totally pre-
vented the emiffion of light, and to have quickly
extinguithed that which had been emitted: likewile
that the luminous objects which kad been under its
influence (except the glow<worm) did not experi-
ence a revival of their light, when taken out and
~ kept for fome time in common ait.

“ A piece of fhining wood was put under the re-
ceiver of an air-pump; che light dlminifhed in pro-
portion as the air was exhaufled; but revived on the
te-admittance of the air.

« The {ame thing took place with the luminous
matter of a herring.

« Tt appears that folar light, when imbibed by
Canton’s phofphorus, is fubject to the fame laws,
with refpect to heat and cold, as the fpontaneous
light of fithes, rotten wood, and glow-worms, viz.
hear difpofes the phofphorus to yield the light
Quickly, but foon exhaufts it; whereas cold pre-

EE 4 Vents,
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vents, in great meafure, both its emiffion and its
diffipation.”
Sce the fame paper (Philofophical Tranfaétions

for 1801, page 426) for an improvement in the
conftruction of Canton’s phofphorus.

Vor, III. To be added after the ¥th line of
PASE, 193,

An ingenious application of the principle men-
tioned in the above, and a few preceding pages,
was lately made by Dr. Wollafton ; viz. he has
rendered it capable of meafuring the refractive
and difperfive powers of various fubftances. The
paper, with the account of thofe improvements, was
lately publifhed iu the Philofophical Ttanfations for
the year 1802. Art. XII. from which I fhall tran-
feribe the following paragraphs.

 Since the range of inclination, within which
total reflection takes place, depends not only on the
denfity of the refleting prifm, but alfo on the rarity
of the medium adjacent to it, the extent of that range
varies with the difference of the denfities of the two
media. When, therefore, the refraltive power of oné
medium is known, that of any rarer medium may
be learned by examining at what angic a ray of light
will be refletted from it.

““ In examining the refractive powers of fAuids, OF
of fufible fubftances, the requifite conta®: is, eafily
obtained ; but, with folids, which can in few i
{tances
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ftances be made to touch to any great extent, this
cannot be effected withour the interpofition of fome
Buid, or cement, of higher refrattive power than
the medium undet examination.  Since the furfaces
of a ftratum fo interpofed are parallel, it will not
effect the total deviation fo a ray paffing through it,
and may therefore be employed without rifk of any
error in confequence.

« Thus, refins, or oil of faflafras, interpofed be-
tween plate-giafs and any other prifm, will not alter
the refult.

« If, on the fame prifin, a piece of felenite, and
another of plate-glafs, be cemented near each other,
their powers may be compared with the fame
aecuracy as if they were both in abfolute conta®
with it. |

« For fuch a mere comparifon of any two bodies,
a common triangular prifm is beft adapted; but,
for the purpofe of a&ual meafurement of refractive
powers, 1 have preferred the ufe of a fguare prifim,
becaufe, with a very fimple apparatus, it thews the
fine of refrattive power fought; without the need of
any calculation. _'

“ Let A, fig. 14, Plate. XX VIII. be a fquare
or reftangular prifm, to which any fubftance is
applied at 2, and let any ray of light, paralicl to
b, be refratted through the prifm, in the direc.
tion Az,

“ Then, ife f and e 4 be taken proportional to the
fines that reprefent the refrative powers of the prifin,

and
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and of air, fg, which is intercepted between £, and
the perpendicular ¢g will be the correfponding fine
to reprefent the refrative power of the medium 4.
For, fince 2d g (oppofite to ef) is the angle of re-
fraftion, ef g (oppofite to ¢d) muft be equal to
the angle of incidence ddb; and ef:fg::44d:
db:: fineof ¢chi:fineof hid.

« All therefore that is requifite for determining
the refraltive power of b, is to find means of mea-
furing the line fg. On this principle the inftrument,
fig. 15, Plate XXVIIL. is conftrufted. On 2 board
ab-is fixed a piece of flat deal ¢4, to which, by a
hinge at 4, is jointed a fecond piece de, ten inches
long, carrying two plane fights at its extremities;
At ¢ is a fecond hinge, conneéting ¢f 15,83 inches
long ; and a third at the other extremity of ef; by
which f g is connected with it. At 7 alfo is a hinge,
uniting the radius 7 ¢ to the middle of ¢ f; and then,
fince g moves inafemicureleegf, a line joining ¢ and
g would be perpendicular to f g.

« The piece ¢4 has a cavity in the middle of it
{o that when any fubftance is applied to the middle
of the prifm P, it may continue to reft horizontally
on its extremities. When ¢4 has been fo elevated
that the yellow rays in the fringe of colours (ob-
fervable where perfeét refledtion reminates) are feed
through the fights, the point g, by means of a vernier
which it carries, fhews by infpection the length of
the fine of refraction {ought.

« The advantages which  this method poffefes
above
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above the ufual mede of examining refrattive
powers, are greater than they may at firft fight
appear.

« The facility of determining refrattive powers, 1s
confequently fuch as to render this property of bo-
dies a very convenient teft in many philofophical
inquiries. For difcovering the purity of effential
oils, fuch an’ examination may be of confiderable -
utility, on account of the {mallnefs of the quantity
requifite for trial.”

For fuch purpofes, the refraitive power of opaque
fubftances, which could not be learned by any meuns
at prefent in ufe, may often be deferving ofinquiryg
For, in the ufual mode, a certain degree of tranfpa-
rency is abfolutely neceffary ; but, for trial by con-
ta&, the moft perfect opacity does not occafion the
leaft inapediment.

With refpect to the experiments which Dr. Wol«
lafton made with the above-mentioned machine, I
muft refer the reader to the paper itfelf,

FFINI1:S
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AB ERRATION of lenfes; iil. 220, 221. 267-=0f the
ftars,‘iv. zo07.

Accelerative foree, 41.

Accord, ii. 3¢3—perfedt and imperfedt, ii. 385.

Acenc radical, 12. ii. 15,

Acetors, acid, i, 5 gy=—fermentation, ii. 535.

Achromatic, refradtion, iii. 19t—telefcope, iil, 222=—lenfes, .
223, 2245 225,

Acidifying principle, ii. 523.

Acids, different forts of, il. 524, 525.

Acoulfics, i, 709, .

Adhefion, of two leaden bullets, 1i. 1431—o0f folids, 1. 142.

Adjutages, ii. 18g—different, their adtions, ii. 187.

Aégrial, fluids, 1. 200—fluids, their expanfibility, if. o=
telefcope, ii. 277—voyage, the firft,-iv. 327,

Aeroitatic machines, difcovery of, iv. 31g——particulars relative
to their conftruétion, iv. 331. 350. 354-

Aceroftation, iv. 316—progrefs of, iv. 324.

Affinity, ii. T9. 134. 496 514+

Aggregation, fi. 19. 116; 117.

Agricalture, 1. 13.

Apuftine, 1. 532 §34¢

Air, atmofpherical, ii. 1g8—neceflary to animal life, to com-
buftion, &c. ii, 19g~its chemical properties, ii, 200, 520

its
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its mechanical properties, ii. 200—its invifibility, 1. z04—=
ity ‘prefiire; it 1g8. 204, 266, 2zo—its elafticity, il zz1-—
its comprefiibility, 1i. zzz—table of its expanfion; ii. 243—
theory of its movements, ii. 28o0—ufe of its movements, ii.
4o2—veflel of a forcing pump, i, 434—pump; defcribed, i
465—oxygen, ii. gz6=its refliftance, ii. 480, 481, 482z—its
weight, veflel proper for afcertaining it, ii. 489—~its expanfion
by heat, iii. 4¥. 43—s elefricity, Jif. 43§. 442z—balloons;
iv. 32 1==their powers, iv. 3 50—their ufe in general, iv. 350.
332

Albuminouns matter of vegetables,.ii. §53.

Alecohol, 1. 83. 5;6.

Alembics, il. 5o1. 505

Alkali, 13, ii. 5§33, 534——vegetable, 13=—foflil, 13<=volatile,
13, il §34—fixed, il 5. 33.

Alkaligen, principle, ii. §34.

Aliitudes, meafured by the barometer, ii. 248—table of, it. 248
~the beft method of meafuring them by means of the baro-
meter, 1i. 26g:

Alumine. Sec Argil.

Alum earth, preparation of] jii. 46.

Amalgam, for eleftrical purpofes, iif. 383, 384

Ammoniac, or volatile alkali, 14, ii. 16.

Ammoniacal gas, il 521.

Amphifcii, iv. 59. !

Amplitude, of projeftion, 341. 350—of projettion, greatefty
gqu~=of projettion, determined, j4z—of a jet of fluid,ii.
196—o0f 2 celeitial objet, iv. 25

Analyfis, 11 ¥8. 495.

Anamorphofes, iii. 16z,

Anatomy, ii. 12,

Anemometer, 1i. 440,

Angle, of elevation in projefting engines, 341, 354==cf reflec-
tion, how meafured, iii. 165—of incidence and refraétions
proportion of their fines, iii. 16g—of difperfion or diffipasions
i, 172—of mean refration, iii. 172e=of deviation, 1827

{pheric, iv. 38.
Angular diftances; iv. §.
Animal elericity, iii. 451==analogous to the voltaic battery”

iil, 508,

Anima]cu‘lcﬂ"
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Animalcules, 28.

Animal kingdom, i, 12

Animals ander the receiver of the air.pump, ii. 478.

Anima) fubltanees, thelr ingredients, i, g50==their putrefac.
i, 11. 557+

Annular ecliple, iv. 250.

Anomaliftical year, iv. gb. 247.

Anomaly, iv. 83— equated, mean, &c. iv. Bj—excentric,
. 84.

Antartic pele, iv. z2.

Antimony; 13« il, 15. 520.

Antipodes, ivi I3,

Apogee, ive 83.

Apparatus, elefiric

Apparitions circle of perpetual, iv. 2g.

Apfides, iv. 8z, line of, iv. 82—motien of the lire of, iv, §

1, defenbed, . 378,

Aqueous humoar of the eye, 1. 244. >

Arches, lomioeus, 1. 8.

Archimedes’s {erew-engine for raifing water, ii. 437,

Aréhic pole, iv. 22, and antarllic circles, iv. 53,

Areometer, ii. 66.

Argentine fnow, ii. 5zg.

Argil; 13, . 160 529: 532

Argillaceons earth, its contraétion by heat, iil. 44.

Argument of latitude, iv. 83. .

Armature of a magnety;iii. §z1==0f animal members in Galva-
ni{m, iii. 468.

Armour of preparations for Galvanifm, iii. 468

Aroma of plants, il 55

Arfenic, 13, 1. 16. 531.

Artificial magnets, iii. 513.520. 545. 54¢~Canton’s, iii. §5o.

Afcending node, iv. 1zg.

Afcenfion,. right and oblique, iv, 44.

Afcenfional difference, iv. 44-

Afeii, iv. 50

Adpedt, line of) iii: 304,

Afterifms, or confiellations, iv. 36. 207.

Adtrenomical, telefeope, iii. 274—inftraments, iv. 268=qua-
drant, iv. 268,

Aftronomy, ii. 6,.iv. 1.

-
e

.&tlas,«
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Atlas, terreftrial, iv. 14—celeftial, iv. 17.

Awmofphere, 1. 198, 240—its preflure on any given furface,
. 220. 484—its denficy and altitude, H. z26—its denfity
different at different diftances from the earth, if. 227. 22—
its altitude influenced by the fun and the moon, . 24 2wmits
flux and reflux, ii. 245, &c.—ules of, ii. 396=—cledtrical, iii.
353- 359 406—of the moon, iv, 118, -

Atmofpherical, ele@ricity, iil. 436—ele&ricity, laws of, i, 442
—eleQrometer, it 438.

Attraction, 37. 54. il. 1g—proportionate to the quantity of
matter, §5—four forts of, ii. 1g—0f aggregation, ii. 19. 23.
140—of cohefion, it 20. 23. 496—of compofition or of affi-
nity, 1i. 20. 496—of water to glafs, ii. 117. 132—of water
in capillary tubes, il 121—amongft other bodies, §i. r32-
134. 136—of mercury, ii. 133. 138, 138—corpufcular, i
170—between air and water, it $10—of ele@ricity, iii. 336.
359 402.~magnefic, iii. 513, ¢16,

Aurora, borealis, ii. y—Auftralis, ii. y=fuppofed to be an
eleétrical phenomenon, iii, 444—affe@ls the magnetic needle,
itl. 519, .

Axioms of philofophy, s=refpedting the declination of the
magnetic needle, iii, £38.

Azxle, or Axis, 220—in peritrochio, 231==of a refleor, iii.
156—of a ‘magnet, iii. gz8—of a lens, iii. 228—of the
world, iv. zz.

Azimath, iv. 23—of celeftial objefts, iv. 2§—compafs, i
565.

. Azote, 12, ii. 15. £20,

Azotic gas, ii. 5zo, 521,

B.

Balance, 221, 228—defets of, 229—of forces, 121—hydrofta-
tical, ii. 53.

Baldwin’s phofphorus, . 318,

Balloons, air, iv. 321—~their powers, iv. 350=—their ufe in g5-
neral, iv. 350, 352.

Barometer, or Barofcope, ii. zo8—indications of the weather
from its various altitudes, ii. 20g—its mean altitude, ii. 218—

P . : 4 ts vE=
its wle in meafuring altitndes, ii. 232, 248—~a regular ﬂ"’en_
m -
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ment of, obferved at Calcutta, ii. 256~—its conftrudtion varia
ous, ji. 456—~Ramfden’s, ii. 464.

Baryt, 13. it 16. §29. 532.

Bath, fand or water, ii. 511»

Battery, eledtrical, iii. 366. 38y=~voltaic, iil. 474. 482. 486.

Benzoic, radical, 13, ii. 16.

Bellows, hydroftatical, ii- 443-

Bifmuth, 13, ii. 15. 520.

Biffextile year, iv. 60o.

Bitaminous minerals, ii. §50.

Bob of a pendolum, 176.

Body, z—15, three principal ftates of, ii. 18-==iii. 74.

Boiling point, iii. 17—of water, iii. 31 345 35+

Bolonian flone, iil. 317.

Bombic radical, 13,—ii. 16.

Bones of animals are moftly levers, 228,

Boracic radical, 12—1ii. 5.

Botany, ii. 13.

Bubbles, of glafs for determining the fpecific gravities of liquors,
ii, yo—of air, not mere nothing, ii. 202==indicate the fkrength
of {pirits, il. 2oz,

Bulk, 2z.

Burning-glaffes and {pecalums, iii. 112.

Black lead, its ufe in diminifhing friction, 277==l¢ad, ils §3 1
objeéts, perception of; iii. 259.

Blazing flars, iv. 180.

Blind perfons, acutenefs of their hearing, 349.

Blocks, Garnett’s, 280.

Blowing machine, by water, ii. 444.

Brafs, ii, 529=—attraétable by the magnet in Gertain cafcsm-
. 525.

Breadth, 2z.

Brittlenels, ii. 1335.

C.

Calcareous earth, i, 533.

Callipers, gunners, 351

Caloric, 12—ii. 15, 16. §16—combined, ii. §18=iii. g—sfree,
i, §18—iii. 10~iil. z—theory of, iii. 3. g={pecific, table
of, iii. Jo—total privation of; ili. 76.
YOL. IV. FF Calerimeter,




I ND E X

Calorimeter, iii. 8o.

Campheric radical, 13-—ii. 16.

Camera obfcura, iil. 240, 270.

Cannons, 342—cxperiments with, 354=proper charge of, 356.

Capacities of bodies for caloric—iil. 7. 63. 66. 7g—permanent,
1ii. 70.

Cantons, pliofphorus, i1, 319.

Capes, or Head-lands, ii. 10.

Capillary attraétion, 1. 118. 121.

Capltans, 232.

Carbon, 12—ii. 15. 521,

Carbonated hydrogen gas, ii. g2z.

Carbonic acid gas, . §21-—acid, 1. 521.

Caflegrainian telefcope, iii. 287.

Catacouflics, ii. 309.

Catadioptric, or reflefting telefcopes, 1il. 274. 282.

Card of the mariner’s compafs, iii. 564.

Catch, or Click, z6z.

Catoptrics, 1il. 143, 144.

Caufe, 17 .

Cauftics by refleftion, iii. 155—by refra&tion, iii. 220. 236.

Celeftial atlas, iv. 1j7—globe, iv——planifphere, map, or plate;
iV, 1.

Centre, of attraltion, g4—of repulfion, gq—of gravity, 58—-0f
gravity how afcertained, 74==of gravity how afcertained by
the method of fluxions, 78—of gravity of a fraight line, 81
~—of gravity of a cone, 83—of gravity of an hemifphere, 85
—of gravity, ufe of, exemplified, 323. 325—of gravity, im~
proper ufe of, 3z7—defeent of, ii. 26--of oftillation, 209
201—of ofcillation is the fame as the centre of percuffiofs
a03—of percaflion, zo1.

Centrifugal force, 54. 138. .

Centripetal force, 54. 72. 138,

Ceres Ferdinandea, v. 173,

Charge of a Leyden phial, does not difplace the air, iii. 419

Charged ele@rics, iil. 362, 363.

Channel Englifh, croffed in a balleon, iv, 340.

Charcoal, combuftion of, 1ii. 83.

Chart, or map, 1v. 14,

Charts of magnetic declination, iii. §31.

9 Chemic?
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Chemical operations or procefles, ii. 495, 536,

Chemiftry, principles of, ii. 18. 493.

Choroides, iil. 242.

Chrome, 13, il 16. 531.

Chronometers, iv. 278—their rate of going, iv. 297,

Circle, divifion of, iv. 6—greater and lefier of a fphere, iv. 38
—aof vifion refpecting the moon, iv. 121,

Circles fimple galvanic, ifi. 476—the moft a&ive, iii. 478, 475,
48o—have a pofitive and a negative elefiric fide, iii, 481—
their aftion, iii. 4go.

Circles of perpetual apparition and oceultation, iv. 29,

Circular aftronomical inftruments, iv. 2724

Civil yes

Clamminefs, ii. 139.

iv. 5-".

4

Clay, ii. 532.  Sce Argil
Clouds, luminous, 8, ii. 8, 404. 410—formation of; i, 412-=are

enerally ele@rified, iii. 437.
Cliffs in mufic, ii. 381.
Cobalt, 13, ii. 13, 520.
Cogs, 263.
Cohelion,

. 116. 496.

Cooling of certain bodies produces eledtricity, iii. 424, 431.

Colle@tor of a prime conduttor, iil. 380, :

Collimation, line of, iv. 271.

Cold, iii. 3. 10~~a privation of caloric, iii, 86~~communication
of, iii. 8g—refletted, iii. 116—prodadtion of, ii. 118==pro-
duced by ventilation, iii, 11 8—produced by evaporation, iij.
119—produced by the application of ice, iii. 1zz2—produced
by the {olution of falts, ii. 124—produced by the expanfion
of air, i, 128,

Colours, of light, iii. 172, 173. 180 —compounded, iif, 188=m
by infle@lion, iii. 202~=of thin plates, iii. zo6—~Newton’s
theory of, jii. z21z2—produced by various meant, L, | 2 g
prifmatic, marked upon glafs by the force of elericitys
iii. 369.

Celure, equino&tial and folftitial, iv. 46.

Combinations, fimple, of condu&ors, Jaws rof
474~of the firft and fecond order, iii. 476.

Combuflible badies, 11. 537 —for common fires, i, 9o,
Combuftion, ii. 512. 537, 538.
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Comets, ii. 6. iv. 19. 18g~their parallax, iv. 198—their ny-
cleous, iv. zo1 ~their beards, comas, hair, or tails, iv. 201.

Comma, ii. 376.

Commautation, angle of, iv. 8z.

Compafs, mariner’s, iil. g2g-—different forts of, i, 56z2—Dbeft
fort of, defcribed, il £63, g64=—azimuth, iii. 561.

Compofition of forces, 124, 125.

Compound magnet, iii. 549.

Compreflibility of non-elaftic fluids, i, 21—of air, ii. zzz.

Condenfer of eledtricity, ii1, 424.

Condenfing veflel of a forcing pomp, ii. 434—engine ii. 49¥,
492. 494

Conduftor, prime, iii. 378. 380.

Conduoétors of eleéricity, il. §1g—of heat, ii. g17. 1iL. 6, 338—
eleétrics, Jift of, dil. 3417—for the lightning, ili. 447-—combi-
nations of, and their effets, iii. 474—perfe@t and imperfed,
ili. 474—in maguoetics, iii. 550

Congelation, line of, upon mountains, iii. g4.

Conjunétion of planets with the fun, iv. So-=of the moon with
the fun, iv. 123:

Confonance, 1. 353. 360.

Continents, 11. 10.

Conflellations, iv. 36. zo7. 210=~0f the zodiac, iv. 37. 210,

Contrated vein, 1i. 18z,

Contradtion by cold, iii. 4.

Cooling, iii. 3.

Copernican fyltem, iv. 70, 71.

Copper, 13, ii. 16. 528

Corpea, 1. 242.

Coronas, or Halos, ii, 8. ii1. 300.

Corpufcular attraétion, ii. 170.

Cranes, 232, 261, ii, 427—Dbelt fort of, ii, 428.

Crefcent, iv. 13.

Crow, 228. |

Crucibles, ii. 1o,

Cryftalline humnour of the eye, iii, 244.

Cryftallization, ii. gog.

Culmination, iv, 23.

Cuppels, i, g 10.

Cupping glafies, aftion of; ii, 402.

Curtate
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Cartate diftance, iv. 82.

Curves, logarithmic, their principal properties, i, 233—ufeful
for illuftrating the various denfities of the atmoiphere —
11, 233-

Cycles, iv. 247.

Cycloid, 178—its generating circle, 178—its bafe, 178—its
axis, 179——its properties, 17g.

Cycloidal, ofcillation, 181—pendulum, 182,

Cytric, radical, 13. ii. 13.

D-

Darknefs, iii. 133. :

Day, natoral, artificial, &e, iv. z4a—civil and aftronomical,
V. 244,

Days and nights, their different lengths; iv. 49. 51.

Declination of the magnetic needle, iii. § 14. 5 30==lines of; fii. g 31
—charts of, iii, 531—lilt of, iii. §32-=hourly, iii. 537—mean
for each month, iii. §37—axioms reflpedting it, iii. 538.

Declination, of celeftizl abjects, iv. 32, 43—of the fun, iv, 43—
circles of, iv. 44. '

Deflagration, ii. g12.

Degrees, of the thermometer, iii. 17—of a circle, iv. 6,

Depreflions, iv. 14.

Defcending node, iv. 120,

Defcent, of bodies, 283—line of quickeft, 19,

Detonation, ii. 512. §38.

Dew, ii. 413.

Diacouftics, ii, 309,

Diamond, the hardeft body known, ii. 148 —the body of
greateft refradtive power, iil. 178-—combuftible, iii, 178.

Diaphragm, iii. 286.

Diffraétion of light, iii. 200.

Digefter, Papin’s, iii. 35.

Digeftion, in chemiftry, ii. 513

Digits of an eclipfe, iv. 254.

Dilatation by heat, iii. 4. 12.

Dioptrics, iii. 143. 168.

Dioptric telefcope, iii. 274.

Dip of the horizon, iv. 287.

FY3 Dipping,
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Dipping, of the magnet, iii. §15=—ncedle, iii. 541. 566—inva-
rious places, 1il. 544. ‘

diredtive property of the magnet, iii. 513. 527, 528,

Diflolution of metallic fubfances in acids, ii. 548.

Difcharge of fluids through different apertures, if. 185—hin-
drances to it, ii. 189,

Diicharger, univerfal, iii. 388,

Difcharging, rod, iii. 388 —ele&rometer, 7ii. 391.

Difperfion of light, iii. 17z—angle of, iil. 172«=by different
media, il 173. 175.

Diflbnance, 1i. 36g. 353.

Diftance, of objetts, how judged of, iili 257. iv. 5, 7. 42==
mean of planets, iv. 8z.

Dittillation, ii. 501—pneumato-chemieal, ii. 504,

Diftinét vifion, 248. 255—Ilimit of, iii. 251.

Divifibility, z1. 24.

Diurnal, arch, iv. gg=—=rotation of the earth and planets, iv. o7
—motion of the moon from the funyiv. 128.

Dodecatimoria, iv. 10g.

Dome of a furnace, ii. §11.

Draco volans, ii. 8.

Drum, in mechanics, 262. :

Drynefs, of placzs, ii. 415 —extreme, point of, ii. 41¢.

‘Dry way of performing chemical operations, ii. §12.

Dynamics, 219-

55

Earth, a planet, 6—dimenfions of, ii. g. iv. 13—gravitation ofs
54-—decrcafe of its gravitation, 61=—divificn of its furfaces
1o—a great magnet, iii. 546, 555—its figure, iv. 11.

Earthquakes, affet the magnetic needle, ii. 538.

BEarthen-ware, ii. §3z.

Earths, or earcthy fubftances, ii. 523,

Eaft, iv. 24.

Eaftern hemifphere, iv. 23. :

Ebbing and flowing wells, ii. 430~=0f the fea, iv, 147, 148

Echo, ii. 309. 344.

Eclipfes of the fun and of the meon, v, 125. 251, 261—of the

fatellites of Jupiter, iv. 178, 262.

Ecli plics
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Ecliptic, iv. 31« 81—its obliguity, iv. 31,

Eddies, 1. 177,

Eel, eletrical, iii. 456.

Effeft, 17.

Elaftic bodies, g1, gz. 101,

Elafticity, of metallic fubftances, ii. 147-—of air, ii. 221==0f
air, not diminifhed by long continued preflure, ii. 225.

Elettrical, machine, iil. 337—atmofpheres, i, 353. 359.
4z2—battery, iii. 366—machine and apparatus, defcribeds
iii. 378—experiments, iii. 3g5—machine of Harlem, iii 3853
—machine, management of, iil. 3g3—=organs of filhes, iii.
451, -

Electric, fluid, 12, ii. 15, 16, § 1g——appearances, 1ii. 337—thock,
ity 362—fluid, courfe of, fhewn by the flame of a wax taper,
il 418—jar, iii. 365—well, ili. 30g—atmofpheres, iii, 400a
fluid, courfe of, fhewn by the difcharge of a jar, iil. 417.

Eletricity, iii. 331—excited by friction, iii, 336—atiraction of,
iil. 336. 359~—light of, iii. 336. 337 —vitreous and refinous,
iil. 344. 347=—theary of, iil. 349-—plus, or pofitive, minus, or
negative, ill. g4g——communicated, iii. 352. 361—=its effeds
upon animals and vegetables, iii. 357. 367—tafte and {mell
of, iil. 358—its paflage from one body to another, iii. 353.
35g—its aflion on the human body, 1. 376—produdtion
of, iii. 4z1—how to aitertain the exiftence of a fizall quantity
of it, iii. 422—produced by melting and coagulation, iil. 429
——produced by heating or cooling,iii. 431—produced by eva-
poration, iii. 434—atmofpherical, iii. 436, 442—animal, iii.
451—produced by the contz& of metallic bodies and other
condudtors, iil, 472-—its identity with Galvanilm, iii, 508,

Ele&trics, iil. 337—par jb, iil, 338—Nit of, iii, 33g—~charged,
ili. 362—coated, iii. 386.

Eleftrometer, or elefirofcope, iii. 346. 38g—Canton’s, iii. 390
~—qguadrant, iil. sgo——atmofpherical, iii. 438—bottle, iii. 392,

Elements, 11, 12, il 14.

Elevations, iv. 14.

Elongation of the moon, iv. 122.

Emanation from a centre, law of, 62.

Endlefs ferew, 261,

Engines, fire, ii. 436—fcrew for raifing water, ij, 437~—com-
poind, z53==cltimation of their powers, 255.

FF4 Equation,
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Equation, of the centre, or pofthapherefis, iv. 83=—of time, iv.,
244.

Equator, of a magnet, iii—g528, or equino&tial, iv. 26. g8.

Equatorial inftrument, iv. 276,

Equinoial colure, iv. 46.

Equinoxes, or equinoftial points, iv. 31, 46=preceflion of,
iv, 57.

Eras, or AEras, iv. 249, z50.

Effay inftrument, ii. 66.

Ether, ii. 556,

Ethics, z.

Evaporation, ii. 403—promoted by the wind, by agitation, by
heat, ii. go4—quantity of, how meafured, ii., 406—in Lon-
don, 1i, 408—at Liverpool, ii, 408—fadls relative to it, ii,
411—in chemiftry, ii, gor—produces eletricity, iii, 434 446

Evening ftar, iv. 67.

Eudiometer, ii. o8,

Euphon, 1i. 323.

Excentricity of the planetary erbits, iv. 8z.

Excitation, eleétrical, iii. 337.

Experimental philofophy, 2.

Experiments, with the air-pump, ii. 476—ealy to illuftrate the
properties of lenfes, &c. iii. 235—eledirical, iii. 395.

Expanfion of air, table of, ii. 273—of mercury, table of, ii. 254
—by heat, iil. 4. 1z2—of fluids, iil. 26w==0f acrial fluids, i, 4@
—of folids, iii. 8.

Expiration, ii. 393, 399.

Extenfion, 21, 22,

Eye, iil. 23g-—defeription of, iii. z41 —dimenfions of, iii. 245

F,

Falling, hodies, 6g—bodies, problem relating to, 71--flarss
ii. 7.

Fata Morgana, ii. 8, iii. 314

Fatuus, ignis, ii. 8.

Fecula of vegetables, ii. 553

Fe_rlmentation, il. §54=vinous or {pirituous, ii, 5§ 4emacetons
. 555—putrid, i, 555.

Filaments of running fluids, ii. 170, -

Filterings
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Filtering, paper, ii. soo—fones, veflels, &c. ii. foo.

Filtration, ii. 499,

Finder, for a telefeope, iil. 290.

Fifh, their phofphoric light, iii, 323. iv. gez—eleftical, i,
508.

Fire, 1il. g—engines, ii. 436—places, general rules concerning
their conftruftion, iil, 100.

Firths, 1. 11.

Fixed, alkali, 1i. g~3—flars, iv, 29. 206—ftars, their diftances,
fizes, &c. not known, iv. %4-—{tars, their apparent magni-
tudes, iv. zob—ftars, telefcopic, iv. 207.

Flame, 1. 538,

Flath, of light, produced by Galvanic combinations, iii. 500,

Flat mood, in mufic, ii. 377."

Flats, in mufic, ii. 378.

Flight of thots, 341. 350.

Floating bodies, ii. 114.

Flowers, of antimony, 1. §2¢—of bifmath, i, §2g.

Flowing of the fea, iv. 147.

Fluid, ii. z——cleftric, 1ii. 349—magnetic, 1il. 55 7.

Fluidity, 16, ii. 139.

Fluids, ii, 2—perfed, ii. 2z—particles of, ii, 25—different,
their preflure againft each other, ii. 42—non-elaftic, their
aftions whenin motien, ii. gg—their comprefiibility, i, 21—
their motion through holes, pipes, &c. ii. 166—theory of
their motion, ii. 167—their motion in open channels, ii.
170==their motion throogh apertures, il. r7y—their lateral
communication of motion, ii. 178—permanently elaftic, ii,
zo0. §18.

Fluoric, radical, 12, ii. 1§=—acid gas, ii. 521.

Flox and reflox of the atmofphere, ii. 245. 257.

Flying, dragon, ii. 8=kite, ii. 8—art of, iv.

Focal diftance, 1. 156—principal of a lens, iil. 228.

Foci conjugate, iii. 218. 237.

Focus, of the rays of heat, jii. 106. 109. 111—o0f the rays of
light, ii1. 156—virtnal, iil. 154 —principal of 2 convex refiec-
tor, iii, 154—of incident rays, and of reflefted rays, iii. 156
principal of a concave refleftor, iii. 156—of a lens, iii.
218, 228—of incident and of refrafted rays, iii. 218, virtoal,
i, 154. 219—of lenfes, how found out, iii. 228, 230. 236.

Fogs,
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Fogs, ii. 8. go4—formation of, ii. 412. 413.

Force of the wind, how afcertained, ii. 451,

Forcing.pump, ii. 434,

Formic radical, 13, 1. 16.

Forks tuping, 1. 383.

Forte piano, il 354.

Frankhinian theory of eleétricity, iii. 348.

Free caloric, iil. 10.

Freezing point, on thermometers, ii. 17.

Friftion, 272, 330—wheels, 278—rollers, 278.

Frigid zones of the earth, iv. 54.

Frogs, their great {ulceptibility of elefricity, or of Galvanifm,
ifi. 462. 464. 490—>beft preparation of for Galvanig experi-
ments, iii. 467.

Fruit, under the receiver of an air-pump, ii. 476.

Fulerum, 81. z24.

Full moon, iv. 123.

Furnaces, ii. 5it.

Fufee, 268.

Gages, for the air-pamp, i. 484—t0 48¢—for a condenfing
engine, ii. 493.

Galaxy, iv. 214

Gales, ii. 8.

Galilean telefcope, iii. 279,

- Galvanic, batteries, fee Voltaic batteries=circles, iii. 476. 479
—circles of the firlt order, iii. 479—circles of the fecond or-
der, iii. 480.

Galvanifm, iii. 462~—its identity with common eleftricity, iiis
508—probably ufeful in medical cafes, iii. so1.

Gallic radical, 13, i, 15. F

Gas, ii. y2o—various {pecies of, ii. §z1—produced by the aftion
of the Voltaic batteries, iii. so1.

Garuas, ii. 414.

Geocentric longitude, iv. 45

Geography, ii. 11.

Geology, ii. 13.

Georgian planet, ii. 6, iv. 187—its {atellites, iv. 187. Gib
10




Gib, z61.

Gimbolds, iil. 564.

Glafs, ii. 532.

Globes, terrefirial and celeftial, iv. 14. 17. 281=—defeription
and ofe of, iv. 28z—problems to be performed with them,
iv. 300.

Glow-worms, iii. 316.

Gluten, vegetable, i. 553.

Glutinous; ii. 139.

Glucine, ii. §32; §33.

Gold, 13, ii. 16. 527.

Golden number, iv. 248.

Gravimetar, 1. 60,

Gravitation, 21. 37=—of the earth, 54—decreafe of, 61.

Gregorian, telefcope, iil. 284—ltyle, iv. 62.

Gudgeons, 263.

Guinea and feather apparatus, ii. 481.

Gulfs, 1. 10.

Gum, of vegetables, ii. g5z2—refins, il §53.

Gun-powder, fired in vacuo, ii. §40=—its force attributed to the
expanfion of water, i 3z.

Gymnotus eledtricus, 1il, 451. 456.

H.

Hadley’s fextant, iv. 280.

Hail, ii. 8. 404, 405—generally ele@trified, iil. 437. 442.

Halos, or Coronzs, 1i. 8. iii. 30g.

Hard bodies, gi.

Hardnefs, 16, ii. 139—of different {ubflances, ii. 145, 146. 148
—of metals and femimetals, 1i. 147.

Harmony, i. 353

Harveit moon, iv. 136. 140.

Hearing trumpet, ii. 351.

Heat, elementary, iii. g—Ilift of the effe@s produced by certain
dearees of, iii. yo~=latent, iii. 67—prodution of, iii. 87. gs.
97—communication of through fluids, iil. 10I—emanation
of, iil. 104—refledtion of, iii. 115,

Heating, iii, 3. 10—of certain fubflances produces ele@ricity, .
i, 431.

Hegira,
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Hegira, iv. 249.

Height of a projeftile’s path, 341.

Heliocentric longitude, iv, 45.

Hemifphere, eaftern and weftern, iv. 23,

Hemitones, ii. 372. 376,

Hepatic gas, il gz1.

Herfchel’s telefcope, iil. 288.

Heterolcii, iv. 5g.

Hills, 1. 10.

Horary circle of a globe, iv. 298.

Horjzon, fenfible, iv. 1g-—rational, iv. zo=its saftern and
weltern fides, iv. z271.

Horizontal, moen, iii, 258—{un, iv. 144.

Hotteft time of the day and of the year, iii, 88.

Hour, circles, iv. 44—of the day how fourd eut, iv. 28g,

Hours, iv. 30. 242.

Horfe, its power in mechanics, 271. 337.

Humid vray of performing chemical operations, ii. 51z,

HFuanter’s moon, iv. 135. 140.

Harricanes, ii, 8. 303—prognoftics of, ii. 304.

Hufbandry, 1. 13.

Hydraulics, 220, ii. 21.

Hydrogen, 12, ii. 15. 520. 546—gas, il §z0—gas, its expan-
fibility, iii. 40==gas, combuftion of, iii. §3~—gas, fulphurated,
ii. 52 1—gas, carbonated, ii. §2z—gas, phofphorated, ii. 521
—gas of marfhes, il 523,

Hydrography, 1. 11,

Hydrodynﬁmics, 220, ii. 21.

Hydrometer, ii. 66—recommended in certain cafes, if. 7t.

Hydroftatical balance and apparatus, ii. 55. y0~-bellows, ii.
okl = -

Hydroftatics, 220, 1. 21,

Hygrology, obfervations is, ii, 422,

Hygrometer, or Hygrofcope, ii. 412=—principle of, ii. 418—
De Luc’s, defcribed, i’ 420—its mean height, il 423—
Leflie’s; 1i. 423=—De Sauflure’s, ii. 429

Hygrofcopic bodies, 1. 418,
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Jack-a-lanthern, ii. 8. ii. 528.

Jar, eletrical, iii.. 36¢.

Jargonia, or Zirgonia, 13, ii. 16. 530. §33.

Xce, iii. 4—houfes, iii. 12z—how produced in India, il 123.

Jetof fluid, i 1go. 1g3—table of the heights of, ii. 195—its
amplitude, ii. 1g6.

Jewelled holes for watch work, &c. 278.

Ignis fatogs, ii. 8, iii. g28.

Ignition, ii. 537. )

Illumining power of the differently coloured rays of light, iii.
1g98.

Image formed by refraftion, iii. 233—its brightnefs, iii. 234.

Impenetrability, 21. 32.

Imperfection of the {cale of mufical founds,. ii. 386.

Impulfe, 41, oblique, 126.

Incidence, angle of, in mechanics, 12g—in optics, iil. 14T,
142.

Incident light, i, 141.

Inclination, of the magnetic needle, i, §15~—of the planetary
orbits, iv. 82.

Inclined, planes, defcent of bodies upon, 164—plane, 221. 239.

Indiction, iv. 248.

Inequality, optical, iv. o.

Inertia, 27. 33. 4%,

Infinity. 18.

Inflammable fubftances fired by elefiricity, i, 371.

Inflammation, 538.

Infle&ion of light, iii. 199, zo0.

Infpiration, ii. 398, 395

Inftraments, alironomical, iv. 268.

Infulation, ii. 348.

Intenfity, diminution of, in emanations; 62.

Intercalary day, iv, 6o.

Intermitting fprings, ii. 430.

Intervals, mufical, ii. 375, 376.

Intonation, 1i. 10,

Inis, iii, 242.

Iron
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iron, 13, il. 16, g28—crow, 228.
Iflands, i. 10.
Tithmufes, ii. 10.
Jupiter, i 5. V. 173,
;J'
Kingdoms of nature, 1. 12. §50.
Kite, flying, 8—cledtrical, defcribed, iii. 44t—cleftrical, laws
dedaced from the experiments made with it, 1ii. 443.

L.

La&ie, or Laceic, radical, 13, ii. 16.

Lakes, ii. t1.

Lantern, 26z—magie, 1. 272.

Lapis heracleus, or lapis naaticus, iii. §12.

Latent heat, iii. 67.

Lateral explofion, 11, 414.

Latitude, iv. go—parallcls of, iv. 4o—of celeftial objecls, iv. 45
—in what manner is to be afcertained, iv. 285. 288.

Laws, of nature, 8. 17—of moticn, 42. 53—of the planctary mo=
tions, iv. 85.

Lead, 13, i. 16,5238,

Leap year, iv, 6o,

Leathers for air-pumps, il 471. 473 474+

Lee-way of a fhip, ii. 108,

Length, 22

Lenfes, iii. zi6—variouns forts of, iii. 217—centres, axes
vertexes of, iii. 217—their aberrations or irregularities,
220, 221—their effets, iil, 262-—combinations of, iii. 267

Lever, z20.224.

Levigation, il. 4g8.

Leyden, phial, or experiments, iii. 365—cffells of, itl.
theory of, . 373—experiments with it, iil. 403.

Librations, of a fluid in a bent tube, i, 150—of the moo
TE%% 135,

Ligamentum ciliare, 1. 243.

. Light, 12, ii. 13, 16. 516. iii. 133—Defcartes’s theory ofs -

132—Newton’s theory of, iii. 134—duration of its imp1e :i—
upON OUr eyes, iil. 135—motion of, i, 136. 139 L}O"’Pa’!

gLes

and
iile

355"‘

1153 1V
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cles of, iil. 137—momentum of, iii, 137—refledtion of, 1l
141. ¥44~incident, fii. 141—infleétion of, 1ii, 142—pencil
of, iii. 142—whether material, iii. g21—loft by refleGion,
how meafured, iii. 16 ==white in the fky, iii. 313—zodiacal,
iii. 313 —ele@rical, iii. 336——chara&eriftic of the two eletri-
cities, 1. 346, 3

Lightning, ii. §—an eleétrical phenomenon, iii, 436-——condudtors
for it, 1. 447.

Lignum nephriticum, properties of its infufion, iii. 214.

Lime, 13, 1. 16, §30. §533—water, ii. §33.

Limits of the moon’s diftance from the ecliptie, iv. 130.

Lineg, of fwifteft defeent, 195-—of dire@ion, 227. 324—of afped,
iil, 304=—0f magnetic declination, iii. 531—of no declination,
iii. 53 1=——magnetical, ili. 54z—or the equator, iv. 40—of cbl=
!im;uitm, v, 271,

Lixiviation, ii. goo.

Load-flone, ii. g1z.

Local heats, iil. g3.

Logarithmic curves, their principal properties, ii. z33—analo-
gous to the denfities of the atmofphere, ii. 233—atmofpheri-
cal, 1i.. 241.

Longitade, in geography, iv. yo—of celeftial objeéis, iv, 45—
how found out, iv. 2g3.

Looking glafs, iii. 163.

Lower focus of a planet’s orbit, iv. 81.

Lunar rainbow, iii. 308.

Lunation, iv. 127.

Lungs, ii. 398.

Luting of retorts, &c. . §oz.

M.

Machine, 253—Atwood’s, 284—eleétrical, iii. 378. 381. 384

Magic lantern; iii, 27

Magneﬁa_, 1310, 16; £30..533

Magnet, iil.. 3 31—affeéted by eleétric fhocks, iil. 370=~=natural
and nrtlﬁcm‘l,‘ il Gigy 313 5'20-—1;5 armature, . §z3—
horfe-fhoe, iii. gz4——its attraftion and direftive power, iii.

513 §24+ 549—compound, iii. §49. ;

Magnetic fluid, 12, 1i. 15. 16. 519, ili. §57 propcrues, i, 512
~=polarity, iil. §14=—poles, iil, $74. 527=—meridian, il 514

—needle,
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needle, iii. ¢14—nltrumentsof three forts, iil, §62z=mexperi-
ments, iii. 67. szg—attraétion and repulfion, iii. 516. 525—
experiments. faid to have been made with an air-balloon,

+ V. 363, '

Magnetifm, iii. 512—communicated, iil. 45+ §47- 553—af the
earth, ifi. a6—theoryof, iii. §53.

Magnifying power, of lenfes, iii. 265, 266—of telefcopes afcers
tained, iii. 276. 280, 284. 286. 28g—of microfcopes, 1ii. 295,
266, 297.

Magnitode, 22.

Malic, radical, 13.11. 16.

Man, his power.in mechanics, 270

Manometer, 1. 40,

Manganefe, 13, ii. 15. §30.

Map, 1v. 14.

Marinet’s compafs, iii. 529. 562, 563, 564.

MMars, ii. 5, iv. 172.

Matter, 10. 15—quantity of, in fimple motion, 4g.

Masimuta of the aétion of 2 foid, on the fails of a wind-mill, of
the rudder of a thip, &c.1i. 111, ;

Mean, arithmetical and geometrical, ii. 23 1—temperature of 2
country; iil, 86.

Meafures, il. 97—Randard, iv. 393. 395+ 397, 398—DBritifh, iv.
400. go7—French, iv. 4ro—of various countries, iv. £17.
Mechanical, law, 17—powers, 218. 220. 2 jo——paradox, 1i. 442«

Mechanics, 219.

Medicine, or the ‘medical art, ii. 12.

Mediums, in optics, iii. r42.

Melody, 1. 353.

Melting of certain fnbftances produces eleétricity, iii. 429.

Mercury, 13, . 16—table of its expanfibility, ii. 25 4meeits
freezing point, iii. 3—amalgam of, with other metals, foont
tarnifhes, iil. 473—the planet, i 5. 528, 1v. 170.

Meridian, magnetic, iil, §14—aftrondmical, ive zg--line,
drawn, iv. 283 —univerfal or brazen, of globes, iv. 284.

Metallic fubftances, iis, §25. 527—their diffolution, ii. 548,549
—fufied by meansof cledricity, iil. 368, 369. 371. 411,412
their actions upon each other, i1l 473.

Metallurey, i 13. :

Meteoralogy, 1. 7.

how

Meteords
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Meteors, ii. 7—{pecies of, ii. 8.iv.'3509.

Metre, French, reduced to Englith meafutes, iv. 13. 398. 412.

Micrometer, iii. 291—mother-of-pearl, iii. 292—valne of, how
afcertained, iii. zgg—for microfeopes, iii. 2g8.

Microfcope, iii. 263. 2g94—folar or lugernal, iii. 2g5—fimple,
limits of, iil. 2g5—compound, {il. 296—aquatic, refleting,
opaque, Wilfon’s, and reflefting, iil. 2g8. ‘

Midday, iv. 24.

Midnight, v, 24.

Mile; Iv. 42. 4o0.

Mitky way, iv. 214.

Mineral kingdom, ii. 12.

Mineralogy, ii. 13.

Minutes of a degree, iv. 6—of tme, iv. 30:

lirrour, iil. 141,

Milts, 1. 8. 404, 405, 410. {13;

Mixture; ii, gr2.

Mobility, 24. 34.

Moeck funs, and mock moong; ii. 8 i1, 311,

DMMoifture of places, ii. 415 —extreme point-of; ii, 419

Molybdenite, 13, #. 16. §31. i

Momentum, 46. 49—of fhots, 341. 358—of the wind, how afe
certained, i, 45r.

Monfoons, ii. 8. 296.

Months, civil, aftropomical, &e. iv. 2.46.

Moon, ii. 5, 6.—mock, ii. 8—its light affords no fenfible
heat, iil. g5. 31 s—horizental, iii. z,B—:ts Proper move-
ment, iv. 33—its phafes, its cufps, and-its firft quarter, iv.
g3—full, and its laft quarter, iv. 34—its phafes, motions,
apparent fize, diftance, fpots, &c. iv. 111,

Maons or fatellites, ii: 5, 6, iv. 72,

dforal philofophy, i.—its etymology, 2

Morgana, fata, iii. 314.

Morning ftar, iv, 67.

Mortar, 342. 354, ii. 533

Motion, 15, 40—abfolute, 1§==relative 15, 16=-=of bodies in their
defcent towards the earth, 61—accelerative, 61—~compound,
114—reétilinzar, and carvilinear, 134—theary of equable
motion i gircular orbits, 138 —judgment of frequendy

Vor. 1v. G G miftaken,
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miltaken, iii. 2cg~—in antecedentia, or in confequentia, direét
or retrograde, iv. 83, 84.

Mountains, il. 10, temperature ofy iil. g4—height of, ii. 238,
height of on the moon, iv. 116,

Mucilage of vegetables, ii. 552,

Muffle, 1i. 510,

Maultiplier of eleétricity, deferibed, i, 42z,

Muriatic, radical, ‘12, il. 15—gas oxygenated, i 21—acid,
il gzr.

Mufic, it 353. 356—effells of, ii. 3g93—fitteft rcom for,
il. 350. :

Mufical, founds, ii. 333—art, il 353. 356—inftroments, i
356, 372.

Myopes, iii. 249,

N.

Nadir, iv. z3-

Nataral philofophy, i=its etymology, ii.

Nebulz, iv. 214, 215,

Needle, floating, ii. 138—magnetic, ili. §14. §2g==dippings
i, 540. 566.

New, ftyle, iv. G62—-moon, iv, 123.

Newtonian, telelcope, iii. 282—theory of univerfal attradlions
v, 755 76,

Nickel, 13, ii. 15. 530

Might, iv. z4z—telefcope, fi. 282.

Nitrogen, ii. 520, 521. -

Nitrous, gas, ii. g21—acid, ii. §a4—produced by the afton
of eleétric fhocks upon certain gafes, iii. 373

Notturnal arch, iv. 49.

Nodes, of the planetary orbits, and Iine of, iv. 81. 129-°f the
orbits of the fatellites, iv. 177.

Nonagefimal degree, iv. 124.

Non-conductors of ele@ricity, ii. 19— 338—liftof, iii- 339

Non-elattic bodies; g1.

Non-electries, iii. 338.

Nonius, or Vernier, il. 461.

Noon, iv. 24,

Noﬂhy
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North, pole, iv. 22—polar ftar, iv. 22—point of the horizon,
iv. 24,

Nerchern lights, . 7. iil. 312, 444.

Notadon of mufical founds, ii. 380.

Notes of mufic. ii. 372.

Nutation of the earth’s axis, iv. 239.

0.

Obliquity of the ecliptic, iv. 100.

Obfervatories aftronomical, portable, iv. 276.

Occultation, circle of perpetual, iv. 2g.

QOcculations, iv. 251, 264.

Oceans, ii. 10

O&aves, in mufic, 1i. 375«

Qil, its ufe for reducing friftion, z77—its effefls upon water,
il. 161—ufed by feamen in certzin cafes, ii. 162, 163—light
volatile, do not produce the fame effect upon water, as the fat
oils do, ii. 165—fat or volatile, ii. 552.

Olympiads, iv. 248.

Opaque bodies, iii. 143.

Opera glafs, iii. 280.

Oppofition of the planets to the fun, iv. 79.

Optic nerve, iil. 244.

Optical, inftraments, iii. z7o—inequality, iv. g.

Orrery, iv. 281.

Ofcillation, 176-——centre of, 200, zot—centre of, how afcerd
tained, zo7.

Otocauftics, ii. 300

Oxalic radical, 12, il. 15,

QOxides, 1i. 524.

Oxigen, 12, ii, 15—air, ii. §20==quantity necefary in certain
combuftions, iii. 83.

Oxygenated muriatic gas, il §21.

Oxygenation, ii. 5§23, 524

Pallas, iv. 173,
Panorama, iii, 258, <
cCez Parachute,
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Parachute, iv. 345

Paradox, mechanical, il. 44z.

Parafelene, or mock moon, ii. 8, 1ii. 311.

Parhelia, or mock funs, ii. 8, iil. 311.

Parallax, of camets, iv. 1g8——of celefiial objeéts, iv. zzz——of
latitude, of longitude, of right afcenfion, and of declination,
iv. 227—of the great orbit, iv. 10z.

Pendulum, 174—the length of; when it vibrates feconds, 194—
compound, iii. 61—ufed as a flandard of meafure, iv. 395,
397—its vibrations in different latitudes, iv. 396.

Peninfula, 1. 10.

Penumbra of an eclipfe, iv. . 287,

Percutient bodies, theory of, g1,

Percaflion, centre of, zo1—its fituation afcertained, zo7. 209.

Perigee, iv. 83. 131.

Periodical month of the moon, iv. rz7.

Periods, iv. 242. z50. 262— Julian, iv. 249.

Permanently elaftic fluids, ii. zoo.

Périfcii, iv. 5g.

Perfpedtive glafs, iil. z78.

Pefe liqueur, ii. 66,

Phafes of the moon, iv. 112, 120.

Phenomenen, z.

Philofophy, 1—its etymology, 2-

Philofophical wool, 3i. 529.

Phonies, ii. gog.

‘Phofphorated hydrogen gas, ii. 5z1.

Phofpheric acid, i1, 523.

Phofphorefcent bodies, iil. 316.

Phofphorus, 12, iL. 15. §23. iii. 316==Baldwin’s, iii. §18==com=
buftion of; iii. 83.

Photometer, iil. 29,

Phyfics, 2.

Phyficlogy, z.

Piano, 1. 354.

Pinion, 262.

Pipes, tuning, ii. 383=-0f an organ, altered by heat and cold,
ii. 384. '

i

pitch;
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Pitch, of founds, ii. 354. 337, 358—concert, ii. 383—=affetted
by heat and cold, ii. 384.

Pits, grea:elt depth of, 1. 11

Pivots, or Pevets, 263.

Place, abfolute or relative, 14.

Planets, il. 5—their charatters, iv. 35. 1g—fhine by reflefting
the light of the fun, iv. 66—primary and fecondary, iv. 73—
inferior, iv. yg—fuperior, iv. Bo—their diameters, periods,
&c. &c. iv. 162.

Plate, flat glafs, its effe@ with refpect to refraltion, ii. 226.

Platina, 13, il 16. g5zj=—attrafted by the magnet in certain
cafes, iii. 52§,

* Plinian period,, iv. z6z.

Plumbago, ii- §31.

Ploviometer, ii. 412.

Pneumatics, ii. 1g8.

Pneumatochemical diftillation, operations for, ii. 504.

Point, 23,~of fafpenfion, 174.

Points, their adtion in ele@ricity, iil. 355, 356=—0f the compalfs,
jil. 564, iv. 24=—cardipal of the horizon, iv. z4—cardinal,
iv. 10§,

Polar circles, iv. §3.

Polarity, magnetic, iil. §14. §27.

Pole, ufe of in rope dancing, 327.

Poles of the world, iv. zz—of the horizon, iv. 23~—of the earth,
iv. 26-—0f a circle, iv. 3g.

Pompholix, . 52

Ponderous earth. See Baryt.

Porter, tale of, in different veflels, 111, 473.

Pofthapherefis, or equation of the centre, iv. 83,

Potafh, or vegetable alkali, 13, ii. 16. 533.

Powers, mechanical, 218—their number, 220. 250=+moving,
25 3—allive, 267.

Preceffion of the equinoxes, iv. §7. 107.

Precipitate and Precipitant, in chemiftry, ii. 549.

Prefbitz, 1ii. 249.

Preflures, 124——on the bottoms or fides of veffels, contaxmng

fluids, ii. 33-—centre of, 3. 37.

& G3 Prime's.
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Prime, conductor of an eleétrical machine, iii. 378. 380=—con-
iv. 24.

Principal or key note,-in mufic, ii. 374. 376.

Prifm, iii. 179

Projedtiles, 338—their paths deviate from parabolas, 350. 353
—greateft, 341,

Promonteries, ii. 10.

Properties of matter, z. 4. 10. 16—general, z1==paffive and
aftive, ii. 1g.

Proflic radical, 13, it 16.

TProlemaic {yfiem, iv. 69.

Pulley, zzo—the moveable or {yftem of pullies, 233.

Palverization, il. 498

Pump, watet, ii. 431—water, eftimate of its power, ii. 433—
forcing water, il 434—air, deferibed, 1i. 465—fhort hiftory
of, 1i. 467.

Pupil of the eye, iii. 243

Putrid fermentation of vegetables, ii. 555=—of animal fub-
ftances, ii. §537.

Pyrolignic radical, 13, ii. 16.

Pyrometer, iii. 54, 555 56,57-

Pyro-tartaric radical, 13, ii. 15,

Pyro-mucic radical, 13, ii. 15.

Quadrant, aftronomical, iv. 268-—=moveable, iv. 26g—mural, iv-
z71==of altitude, iv., 2gg.
Quantity of matter, 50. 52.

Quayters, or quadratures, of the moon, iv. 1z2.
Quickfilver. See Mercury.

' R,

Radius veftor, iv. 83.

Rachet wheel, 26z.

Radical, ¥. 17.

Rain, ii. 8. 298. 404. 410—~fadls relative to, i 411, 412, 413
Auantity of, il. 413, 414, 415==gage, il 412. 414. 424
generally eleGrified, it 437. 442—bow, ii. 7. iii. z01. 308
~—bow, lunar, iii. 308~bow, imitation of; iii. 300,

z Ranges
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Ranges of fhots, 341—method of determining them, 34z=—are
as the chargesof powder, 354.

Ratios, fammation of, z53. -

Rays, of heat, iii. 1o4—reflefted, iii. 106, 115—refrafted, i
108—aof light, iii. 142—o0f light from a luminous point, iii.
1435,

Receivers for an air-pump, ii. 476.

Reciprocating {prings, il. 430,

Reduftion, in chemiftry, ii. 549,

Refle@ions of light, iii. 141—angle of, iii, 141—laws of, iii.
146—from a flat furface, iii. 147—from a convex furface, 1il.
149. 153—f{rom a concave furface, jii. 150. 154,

Refletting telefcope, iil. 274.

Reflettors, iil. 141—o0f various fhapes, i, 161—parabolical,
iii, 162—"fat, iii. 163.

Refrafting angle of a prifm, iil. 179, ‘

Refration, of light, iii. 141—angle of, iii. 142~of the atmo-
fphere, iii. 168—from one medium into another, iii. 169. 191
—of water, glafs, and diamond, iil. 170, 17i——increafed 3
little by hear, iil. 174—table of, in different mediums, iii.
175—without difperfion, iil. 194—o0f celeitial bodies, iv. 228
—of longitnde, of latitude, of right alcenfion, and of decli=
nation, iv. 230.

Refrigeratory, ii. goz.

Repulfion of eleétrificd bodies, iii, 402, 404-

Refinous eleétricity, iii. 347.

Refins, . §53.

Refolution of forces, 124, 125.

Refpiration, ii. 397- 540.

Reft, abfolute and relatve, 15.

Retina, iii. 2a4—~—infenfible part of, iii. 331, 252

Retorts, ii. 5o1, goz~—tubulated, ii. yo4.

Rhombs, iif. ;64 iv. 24.

Ring of Saturn, iv. 182. .

Rivers, il 11, 173—permanent {taie of, and th ead of, ii. 73
—proportional lengths of various, il. 174+=inequality of the
motion of, i1, 173—ufe of, ii. 177

Rig-ldii}', iL 139.

Rod, difcharging, iii. 388.

GG 4 Rollars

2l Sy
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Rollers, 278. 310,

Rope, machine for raifing water, ii. 430.

Rotation, diurnal of the earth and other plangts, iv. g7,
Rubber for exciting electrics, iit. 537. 379 386.
Rules of philefophying, 7,

S.

Sach latic radical, 13, ii. 16.

Salts, or faline fubltances, 1. §34.

Sand bath, ii. s11.

Sap of vegetables, ii. g52.

Satellites, 11, 6, iv. 73—of Jupiter, iv. 145—of Satarn, iv. 182
184—of the Georgium Sidus, iv. 187.

Saturation, in chemiftry, ii. 513.

Saturn, ii. g, iv. 182,

Scale of mufical founds, it 57z. 383. 357.

Scepticifm, g,

Schirocco, 1. 301.

Sclerotica, iit. z42.

Screw, 221. 248, z49—threads of, z4g—engine for raifing
water, il. 437.

Seafons of the year, iv. go.

Sea-water, guantity of falt it contains, iii. j3g—its freezing
point, sbrd—purified by freezing, i6ids

Seas, . 10.

Sebacic, radical, 13, 11, 16.

Secondzries, iv. 30.

Secondary founds, 1. 3gr.

Scconds, of a degree, iv. 6—of time, iv. 30.

Security, perfonal, in time of a thunder florm, iii. 446

Semicircle of pofition, iv. 2gg.

Semidinrnal and feminofturnal arches, iv. 49

Semimetals, ii. §27.

Sextant, Hadley’s, iv. 280,

Sharp wioed, in mufic, i. 377.

Sharps, in mufic, ii. 378.

Shock, eleétrical, ifi. 362. 407. 414.

Shooting ftars, i, ¥, V. 3504

Shots, defle@ion of, 357.
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Sieve, i1, 498.

Siberian red-lead, ii §31.

Siderites, il g12.

Sifting, ii. 498.

Sight affedted by the application of metals, iii. 469, 470

Signs of the ecliptic, iv. 37—onaftrous and ftarry,iv. 109.

Sines of the angles of incidence and refradtion, iii 170.

Silica, 13, ii. 16. 529. 532.

Silver; 13, ii. 16.527.

Silaras ele€tricus, iil. 451. 450.

Size, 22

Sky, blue, iv. 16.

Slip wire, for a receiver of an air-pump, ii. 480.

Smalt, il 530.

Smell produced by eleftricity, iii. 408.

Smelting, ii. §11.

Snow, i1. 8. 404, 40_.;———generally electrified, 1ii. 437. 442.

Soda, or mineral alkali, or fofiil alkali, 13, ii. 16, 533,

Soft bodies, g1.

Softnefs, 1. 139.

Solanos, ii. 30z.

Soldering of metals, ii. 133.

Solids, Ti. 2-—floating, ii. 44—in fuids, ii, 39.

Soliftitial, points, iv. 46—colare, iv. 46.

Solution, metallic, 1i. 548, 549.

Sonorons body, 1. 319.

Sounds, ii. 279. 309—{tronger in denfe air, ii. 31o=—variety of,
i, g31o==height of, ii. 311—IMrength of, ii. 311—quality of,
i, 313» 314—nhigh or low, acute or grave, tharp or flag, il
311—fimple, ii. 3i14—velocity of, ii. 329— heard from
great diftances, ii. a40—tranfmitted through folids, ii. 336
—reflediion of, ii. 344—mufical, ii. 353==fcale of, il 372.
383. 357—conveyed by the air, ii. 402.

South, pole, iv. zz-—point of the horizon, iv. 24.

Southern lights; ii. 7.

Space, abfolute and relative, 4.

Spark, eleftrical, iii. 336. 355. 366~—effetts produced by it
apen animals, &c. iii. 356~=upon vegetable, iil. 357~rare-

fies
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fies and difplaces the air, iii. g1g—from a voltaic battery,
iil. 497+

Speaking, trumpet, ii. 312 figure, . 341.

Spe&acles proper for different fights, iii. 249, 250

Specific, gravity, ii. 42. gz——gravity, rules for determining it,
ii. g6—==gravity, table of] ii. 74=—gravity, ufe -of, ii. 65—
ttration, ii. 134—caloric, {ee calorie,

Speétrum, prifmatic, iii, 180—divided nearly as a mufical
chord, iii. 183,

Sphere, right, parallel, and oblique, iv. 27.

Spherical, angle, iv. 38—triangle, iv. 28.

Spirit of wine, ii. 556,

Spirits, reflified; ii. 88—IMandard, ii. 8g—proof, ii. 8g,

Spiritnous fermentation, il. 554,

Spots of the moon, iv. 116~—cf the fan, iv, 164.

Spouts, water, ii. 8.

Spray.of water at {ea, 1i. 158,

Squinting eyes, iii. 256.

Standard mealure, iv. 393. 397, 398=—determined, iv. 395.

Stars, ii. 6, iv. 1g—fixed, 29, iv. zo6—falling, ii. y—great
number of, iv. 213, 214, 215—changes among them, iv,
217==their peculiar movements, iv. z17. 24k

Siatera romana, 230,

Starics, 210.

Stationary ftate of the planets, iv. 84.

Staves, 264.

Steam, ii. 410, iii. 4~=clallic, force of, at different degrees of
temperature, iii. 34.

Steel, ii. gzg~—various power of, for magnetifm, ii. 553

Steelya

Stenten o

Suills, 1. 5o1.

Stones faid to have fullen from the fey, iv. 369, 172, &c.~their

nineralogical defeription, iv. 384—their analyfis, v 386
hypothefes concerning their origin, iv. 788.
Stormis, 1i, 8.

traite, i1. 11,

oy n

treams, of water, it 11=-of fluids, laws relative to theml

11,199,
>

Strings
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Strings of mufical infiruments, lengths of, ii. 372, 373 381,

Strontian, 13, ii. 16. §2g. 532

Style, Gregorian, or new, iv. 6z.

Soberic radical, 13, ii. 16.

Sublimation, ii. 503,

Succinic radical, 12z, ii. 15.

Sucker, 1i. 4o01.

Sucking, ii. 399—pump, 431.

Surface, 23.

Sugar, ii. 553

Sufpenfion, point of, 174.

Sulpher, 12, ii. -15.

Sulphurated hydrogen gas, ii. 521.

Sulphuric acid, il 523.

Sulphurous acid gas, il §21.

Sun, ii. s—mock, ii. 8—its diameter, iv. 190 =—its nature, iv,
166 —dial, ring univerfal, iv. 280.

Supports, in magnetics, ili. 550

Syllables, number of, ufually fpoken in a fecond of time, ii,
347+ .

Sylvanite, 13, il. 16. g30.

Synodical month of the moon, iv. 127.

Synthefis, 1i. 18. 493.

Syphon, ii. 4z7—beft fort of, ii. 428.

Syftem of the world, or folar, iv. 64==various bypothefes con-
cerning it, iv. 6s.

a5

Tallow, its ufe in reducing friftion, 277.

Tantalus’s cup,, ii. 429

Tar, its ule for reducing friftion, 279.

Tarantola {pider, its fuppoled effeds, ii. 393

Tafte affefted by the application of metals, iii. 469.

Tartaric radical, 12, il 15.

Telefcope, dioptric, iii. 274—catadioptric, or reflefting, iii,
274« 282—aftronomical, iii. z74—aérial, iil. 277—terreftrial,
L. 278—Galilean, iil, 270—night, iii. 280, iv. 27g—Gre-
gorian, ii. 284—Caffegrainians iii. 287—Herfchel’s, iii.

sd—zenith, w. 279
Tellurite,
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Tellurite, i1, 530

Temperate zones of the earth, iv. gg.

Temperament, in mufic, . 387,

Temperature, iils 10—mean, of a country, iil. 86. go-—=mean;
of Paris, ili. go—mean, of London, 1. g1—mean, of pits,
wells, &ec. iii. 8g.

Tenacity, il. 159.

"Terrella, 11, 528.

Terreftrial, telefcope, 1il. 278—globe, iv. 14—atlas; iv. 14.

Theory, of the motion of fluids, not confonznt with experis
ments, ii. 166, 167. 170—of heat, iii. 3. 8—of magnetifm,
iil. §55~=0f chemiftry, ii. 514—of eletricity, iil. 415—of
univerfal attralion, iv. 87.

Thermometers, iii. 13—mercurial, i, 14.  =—={pirit, 1l 14—
different, iii. 18, 19. 21—for thewing the higheft degrees of
Keat and cold that have taken place during the abfence of
the obferver, iii. 23—for the higher degrees of heat, iii. 43

w—Afhard’s, iii. 43—Wedgwood’s, iil. 44. 47—extent of
their principal fcales, iii. 49 —correfpandence of Fahrenheit’s
. and Wedgwood’s, iii. go—axioms refpelting their indica-
tions, iil. g1~ their proper fitnation, iii. gz.

Thicknefs, 22,

Thin plates, celours of, iii. 206,

Thunder, . 8—flones or bolts, iv. 383.

‘Tides, iv, 147—(pring, iv. 151—neap, 1%, I{7.

"Time, abfolute and relative, 16—in muofic, how denoted, ii.
380—in fimple motion, 49—divifion of, iv. z4z—mean, iv.
243—equation of, iv. z44.

Tin, 13, i (6. 528—glafs, 3, 520.

Titanite, 13, 1. 16. 530.

Tones, il. 356—major and minor, ii. 372. 376~—names of, ii.
372=principal, H. 374. 376—of a natural voice, ii. 381—
mufical, notation of, ii, 380,

Tornados, ii. 2¢8. 303.

Torpedo, iii. 451.

Torricelhian vacuum, 1. 448. zo8—tube, ii, 208,

Torrid zone of the earth, iv. e

“Toarmalin, its eleétric properties, iii, 431,
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Trade winds, i, 8. 294.

Transferrer, ii. 476.

Tranfit inftrument, iv. 273.

Tranfits, iv. 251. 265,

T'ranfparent bodies, . 142.

Traverfing of a magnet, ifl, 514

Trajeftory of a celeftial body, iv. 81.

Trituration, ii. 498.

Tropics, iv. 32.

Trundle, 262,

Tungften, 13, ii. 16. 531,

Tuning forks and pipes, ii. 383, 384.

Tw;ltgﬂ_t, . 23z2.

Tychonic {yftem, iv. 0.

V.

Vacuum, 18—torricellian, i, 208, 478-

Vapours, ii. §. 518—formation of, ii. 412. 417.

Variation, of the magnetic declination, iii. 531—0f the moon,
ivi 132.

Vegetable kingdom, ii. 12.

Vegetation, 1. 551.

Velocity, 46—of defcending bodies, 64—relative, 104,

Venus, il. g—its nature, iv. 171.

Verd.igris, ii. 528,

Vertical, cicles, iv. z3—prime, iv. 24.

Via ladiea; iv. 214.

Vibration, 176—of ftrings, ii. 315. 318. 373—Ffgures, 11, 324
nodes. ii. 32 gmlongitudinal, ii. 3zz—number of, performed
by mufical firings in one fecond, ii. 360. 362. 364,

Vibratory motion of the air, ufe of, ii. 4oz,

1.r’_.mczgar, 1. 555

Wirtoal focus, iil. 154

Vifion, iil. 23g—through lenfes, il 26z.

Fis motrix, and Fis wiva, §l.

Vifoal angle, iii. 147.

Vitreous, humour of the eye, iil. 245—eletricity, iii. 347.

Univerle, 2.

Volcanic eroptions affet the magnetic needle, ii. 538.

Voleznos,
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Volcanos, influcnce of, iii. 8g—in the moon, iv, 118.

Voltaic batteries, 1il. 474. 482. 486—their powers, iii. 494—~=
give a weak charge to a common Leyden phial, i, 497—
affect the eleCtrometer; iii. 498—give fparks, burn combuili-
ble bodies, &c. iii. 49%. 499, &c.~—~their chemical effeéls,
iif. 50L. §03.

Uranite, 13, il 15, 530.

W,

Wathing, ii. 498.

Water, its decompofition, ii, g41—its formation, ii. g 46—its
boiling point, iii. 31. 34, 35—its expanfion by cald, iii. 35
36—ireezing, iii. 36, 37, 38—under the receiver of an air-
pump, ii. 478—pump, ii. 431, fee Pump—works at London
bridge, ii. 436—fpouts, ii. 8.,14. 305—bath, il. g11. '

Waves, their a&tion, ii. 153. 155, 156—their breadth, ii. 155
—their heights, ii. 157-——refle@ed, ii. 1gg—on different

 fluids, i, 160.

Weather, glafs, ii. 208~—in great meafure indicated by the ba-
rometer, ii, 20g—indicated in fome meafure by the moon,
. 218.

Wedge, 221. 242—its parts, 243.

Weight, 55.

Weights, ablolute and relative, ii. 42, 43—Britifh, iv, 05—
French, iv. 410. 413~=Amiterdam, iv. 410.

Well eleétrical, iii. 399.

Welt, iv. z4.

Weftern hemifphere, iv. 23.

Whalebone, expanded by moifture, ii. 4z0.

Wheel, carriages, 330. 332, &c., and axle, 220, 231.

Wheels, 330, 331—friction, 278—their moft uleful figure in
certain cafes, 333. 335,

Whirling table, 301——experiments to be performed with it, 307

Whirlwinds, ii. 8. 305,

White of the eye, jii, z42.

Whifpering galleries, ii. 513. 346.

Wind, ii, 8. 27g—its various names, velocities, and a&ions; ii-
287. 2g90—its more ufual diretion in particular places, i
294—eitimates of its force and duration, ii. 28g—trade, ii. 8-

294—
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y4-=its aftion upon founds, ii. 232—table of its force and
velocity, ii. 454—its aftion upon water; oil, &c. it 157. 180,

161—gage, il 44g—pipe, 1i. 398.
Winder, or winch, 262z,

Windlafs, 232.

Will with a wafp, ii. 8.

Wine, i

Words,

ber of, {poken by certain perfons in one hour, &c,
1. 34

¥

ar, mean folar, iv. 30. 247 —[olar and aftral, iv. 56—civil,

iv. 39, 247—]Jubian, or Biflextile, or Leap, iv. 6o—~Lunar,
n iftical, iv. g6, 247,

.4

z2—telefcope, iv. 27g.
. 16, 529
Zirgonid, ot Jargoma, 13
Zodiac, 1v. 31, :
Zodiacal light, ii. 3. 1. 373
Zones of the earth, iv. 54,

Zoology, il 12.

Zoonic, rad;

ifard, Printer

s keincoin’s-Inn Fielos,




ERRATA,

VOL. L

Page 67, line 15 ; inftead of triamgular, read triangle.

v oL IL

Page s, line 7, from the bottom ; inftead'of fix, read eight.

—— 6, line 3 ; after the Georgian planet, add two more planets,
viz, Ceres Ferdinandea, and Pallas, which haye been difcovered
fince that fheet was printed. A

—— &, line 3; inftead of fewen, read nine.

—— g, the dimenfions of the earth as given in this page, have been
correfted by fubfequent meafurcments and calculations, foy
which fee vol. iv. page 13.

—— 16, line 1o ; inftead of Mollybdenite read Molybdenite.

—— 29, line 1; inftead of ling I8, read line IL.

—— 41, line 15; initead of cork is, read cork O s

~—— 70, line 153 add, Seefig. 19, of Plate X.

—— 78, line xz; inftead of Fungflen, vead Tung fien.

—— 113, line 25 ; infead of Defigulicrs, vead Defaguliars.

120, line 22, add, as in fig. 18, Plate XL

—— 142, line 7; inftead of cobere, read adbere.

—— 187, line 3 from the bottom ; inftead of fig. 22, read fig. 26.

—— 218, atthe end of line 9, add, fie. 11, Plate X111

Al
i ¥ O L. IIL
Page 33, line 4 ; inftead of rarefied, read condenfed.
9; inftead of rarefaéiion, read condenfation,
o g5, line 22 5 inftead of bundred; xend thoufand.
—— 266, line 83 inftead of fowr, read jfiwe.
= 329, line 16 ; inflead of Beecari, read Beccari.

VOoL. IV.

Page 398, line 25 ; inftead of and which, read and which at 32° af
temperature,
mtumm 399, line 33; inflead of 62° read 529
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